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CHAPTER 19: Recent Developments in Consumer Price Index Theory
1. Introduction
There have been some important new developments in Consumer Price Index theory
during the past few years. In this chapter, we will outline many of these new
developments.1
In section 2, the chain drift problem will be defined. Sections 3 and 4 will discuss two
possible solutions to the chain drift problem.
Section 5 will discuss various problems associated with the construction of elementary
indexes. These indexes are constructed using price information only. When value or
quantity information is not available to the price statistician, then it is only possible to
construct an elementary index.
Section 6 will briefly review recent developments on alternative approaches to quality
adjustment.
Section 7 will discuss additional problem areas associated with the construction of
Consumer Price Indexes where further research is required.
2. The Chain Drift Problem
The Consumer Price Index Manual2 recommended that the Fisher or Törnqvist-Theil
price index (or other superlative index) be used as a target month to month index, in a
Consumer Price Index, provided that monthly price and expenditure data for the class of
expenditures in scope were available. Recently, grocery chains in some countries (e.g.,
Australia, Japan, the Netherlands and Norway) have been willing to donate their sales
value and quantity information by detailed product to their national statistical agencies so
it has become possible to calculate month to month superlative indexes for at least some
strata of the country’s Consumer Price Index. However, the following issue arises: should
the indexes fix a base month (for 13 months) and calculate Fisher or Theil indexes as
chained indexes or as fixed base indexes? The CPI Manual offered the following advice
on this choice in the chapter on seasonal commodities:
“22.63 A reasonable method for dealing with seasonal commodities in the context of picking a
target index for a month to month CPI is the following one:3
1

This chapter is based on Diewert (2013a).
See the ILO, Eurostat, IMF, OECD, UN and the World Bank (2004).
3
For more on the economic approach and the assumptions on consumer preferences that can justify month
to month maximum overlap indexes, see Diewert (1999a; 51-56).
2

2




Determine the set of commodities that are present in the marketplace in both months of the
comparison.
For this maximum overlap set of commodities, calculate one of the three indices
recommended in previous chapters; i.e., calculate the Fisher, Walsh or Törnqvist Theil
index.

Thus the bilateral index number formula is applied only to the subset of commodities that are
present in both periods.
22.64 The question now arises: should the comparison month and the base month be adjacent
months (thus leading to chained indices) or should the base month be fixed (leading to fixed base
indices)? It seems reasonable to prefer chained indices over fixed base indices for two reasons:




The set of seasonal commodities which overlaps during two consecutive months is likely to
be much larger than the set obtained by comparing the prices of any given month with a fixed
base month (like January of a base year). Hence the comparisons made using chained indices
will be more comprehensive and accurate than those made using a fixed base.
In many economies, on average 2 or 3 percent of price quotes disappear each month due to
the introduction of new commodities and the disappearance of older ones. This rapid sample
attrition means that fixed base indices rapidly become unrepresentative and hence it seems
preferable to use chained indices which can more closely follow marketplace developments.”
ILO (2004; 407)

Thus the Manual recommended chained Fisher or Törnqvist-Theil indexes as a target
index concepts. But as we shall see in the following paragraphs, this advice does not
always work out too well.
We will first review some material on fixed base versus chained indexes. Suppose that
we have decided on a “best” price index formula that compares the prices of period 0
with those of period 1, say P(p0,p1,q0,q1). Suppose further that we have price and quantity
data for 3 periods. There are at least two ways that a sequence of price levels for the three
periods could be formed using the given index number formula:



Fixed base indexes or
Chained indexes.

The sequence of the price levels for the three periods under consideration, P0, P1 and P2,
using fixed base (or direct) indexes can be constructed as follows:
(1) P0  1; P1  P(p0,p1,q0,q1); P2  P(p0,p2,q0,q2).
Thus the prices in period 2, p2, are compared directly with the prices in period 0, p0.
The sequence of the three price levels, P0, P1 and P2, using chained indexes can be
constructed as follows:
(2) P0  1; P1  P(p0,p1,q0,q1); P2  P(p0,p1,q0,q1)P(p1,p2,q1,q2).
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Thus fixed base and chained price levels coincide for the first two periods but in
subsequent periods t, the fixed base indexes compare the prices in period t directly to the
prices in period 0 whereas the chained indexes simply update the price level in the
previous period by multiplying by the period over period chain link index
P(pt1,pt,qt1,qt).
The two methods of index construction will coincide if the bilateral price index formula
P(p0,p1,q0,q1) satisfies the following test:
(3) Circularity Test: P(p0,p1,q0,q1) P(p1,p2,q1,q2) = P(p0,p2,q0,q2).
If there is only one commodity in the aggregate, then the price index P(p0,p1,q0,q1) just
becomes the single price ratio, p11/p10, and the circularity test becomes the equation
[p11/p10][p12/p11] = [p12/p10], which is obviously satisfied. The equation in the circularity
test illustrates the difference between chained index numbers and fixed base index
numbers. The left hand side of (3) uses the chain principle to construct the overall
inflation between periods 0 and 2 whereas the right hand side uses the fixed base
principle to construct an estimate of the overall price change between periods 0 and 2.4
It would be good if our preferred index number formulae, the Fisher and Törnqvist
indexes (PF and PT), satisfied the circularity test but unfortunately, they do not satisfy
(3).5 Hence, a statistical agency compiling a CPI has to choose between the two methods
of index construction. As indicated above, the Manual favoured the use of chained
superlative indexes for the reasons indicated above.
A main advantage of using chained indexes is that if prices and quantities are trending
relatively smoothly, chaining will reduce the spread between the Paasche and Laspeyres
indexes.6 These two indexes each provide an asymmetric perspective on the amount of
price change that has occurred between the two periods under consideration and it could
be expected that a single point estimate of the aggregate price change should lie between
these two estimates. Thus the use of either a chained Paasche or Laspeyres index will
usually lead to a smaller difference between the two and hence to estimates that are closer
to the “truth”. Since annual data generally has smooth trends, the use of chained indexes
is generally appropriate at this level of aggregation; see Hill (1993; 136-137).

4

Recall that Fisher (1911; 203) introduced this fixed base and chain terminology. The concept of chaining
is due to Lehr (1885) and Marshall (1887; 373).
5
Alterman, Diewert and Feenstra (1999; 61-65) showed that if the logarithmic price ratios ln (pnt/pnt-1)
trend linearly with time t and the expenditure shares sit also trend linearly with time, then the Törnqvist
index PT will satisfy the circularity test exactly. They extended this exactness result to cover the case when
there are monthly proportional variations in prices and the expenditure shares have constant seasonal
effects in addition to linear trends. However, when sales of products at irregular intervals occur, P T will no
longer satisfy the circularity test. Recall that section 10 in Chapter 3 looked at axioms on P(p 0,p1,q0,q1) that
ensured that the circularity test would be satisfied. However, all known indexes that satisfy the circularity
test will be subject to a certain amount of substitution bias.
6
See Diewert (1978; 895) and Hill (1988) (1993; 387-388). Chaining under these conditions will also
reduce the spread between fixed base and chained indexes using P F or PT as the basic bilateral formula.
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However, the story is different at subannual levels; i.e., if the index is to be produced at
monthly or quarterly frequencies. Hill (1993; 388), drawing on the earlier research of
Szulc (1983) and Hill (1988; 136-137), noted that it is not appropriate to use the chain
system when prices oscillate or “bounce” to use Szulc’s (1983; 548) term. This
phenomenon can occur in the context of regular seasonal fluctuations or in the context of
sales. The extent of the price bouncing problem or the problem of chain drift can be
measured if we make use of the following test due to Walsh (1901; 389), (1921; 540):7
(4) Multiperiod Identity Test: P(p0,p1,q0,q1)P(p1,p2,q1,q2)P(p2,p0,q2,q0) = 1.
Thus price change is calculated over consecutive periods but an artificial final period is
introduced where the prices and quantities revert back to the prices and quantities in the
very first period. The test asks that the product of all of these price changes should equal
unity. If prices have no definite trends but are simply bouncing up and down in a range,
then the above test can be used to evaluate the amount of chain drift that occurs if
chained indexes are used under these conditions. Chain drift occurs when an index does
not return to unity when prices in the current period return to their levels in the base
period; see the ILO (2004; 445). Fixed base indexes that satisfy Walsh’s test will not be
subject to chain drift.
The Manual did not take into account how severe the chain drift problem could be in
practice.8 The problem is mostly caused by periodic temporary promotional sales of
products.9 An example will illustrate the problem.
Suppose that we are given the price and quantity data for 2 commodities for 4 periods.
The data are listed in Table 1 below.10
Table 1: Price and Quantity Data for Two Products for Four Periods
Period t
1
2
3
4

p1t
1.0
0.5
1.0
1.0

p2t
q1 t
q2t
1.0
10 100
1.0 5000 100
1.0
1 100
1.0
10 100

The first commodity is subject to periodic sales (in period 2), when the price drops to ½
of its normal level of 1. In period 1, we have a “normal” off sale demand for commodity
1 which is equal to 10 units. In period 2, the sale takes place and demand explodes to
5000 units.11 In period 3, the commodity is off sale and the price is back to 1 but most
7

This is Diewert’s (1993; 40) term for the test.
Szulc (1983) (1987) demonstrated how big the chain drift problem could be with chained Laspeyres
indexes but the authors of the Manual did not realize that chain drift could also be a problem with chained
superlative indexes.
9
Pronounced fluctuations in the prices of seasonal commodities can also cause chain drift.
10
This example is taken from Diewert (2012).
11
This example is based on an actual example that used Dutch scanner data. When the price of a detergent
product went on sale at approximately one half of the regular price, the volume sold shot up approximately
8
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shoppers have stocked up in the previous period so demand falls to only 1 unit.12 Finally
in period 4, the commodity is off sale but we are back to the “normal” demand of 10
units. Commodity 2 is dull: its price is 1 in all periods and the quantity sold is 100 units
in each period. Note that the only thing that has happened going from period 3 to 4 is that
the demand for commodity one has picked up from 1 unit to the “normal” level of 10
units. Also note that, conveniently, the period 4 data are exactly equal to the period 1 data
so that for Walsh’s test to be satisfied, the product of the period to period chain links
must equal one.
Table 2 lists the fixed base Fisher, Laspeyres and Paasche price indexes, P F(FB), PL(FB) and
PP(FB) and as expected, they behave perfectly in period 4, returning to the period 1 level of
1. Then the chained Fisher, Törnqvist-Theil, Laspeyres and Paasche price indexes, PF(CH),
PT(CH), PL(CH) and PP(CH) are listed. Obviously, the chained Laspeyres and Paasche
indexes have chain link bias that is extraordinary but what is interesting is that the
chained Fisher has a 2% downward bias and the chained Törnqvist has a close to 3%
downward bias.
Table 2: Fixed Base and Chained Fisher, Törnqvist-Theil, Laspeyres and Paasche
Indexes
Period
1
2
3
4

PF(FB)
1.000
0.698
1.000
1.000

PL(FB)
1.000
0.955
1.000
1.000

PP(FB)
1.000
0.510
1.000
1.000

PF(CH)
1.000
0.698
0.979
0.979

PT(CH)
1.000
0.694
0.972
0.972

PL(CH)
1.000
0.955
1.872
1.872

PP(CH)
1.000
0.510
0.512
0.512

The above indexes are plotted in Chart 1 below. Because of the wide spreads between the
chained Laspeyres and Paasche indexes, it is difficult to distinguish the small bias in the
chained Fisher and Theil indexes. Nevertheless, these small biases are significant when
they cumulate over long periods of time.

one thousand fold; see de Haan (2008). This paper brought home the magnitude of volume fluctuations due
to sales.
12
Feenstra and Shapiro (2003) also looked at the chain drift problem that was caused by sales and
restocking dynamics. Their suggested solution to the chain drift problem was to use fixed base indexes.
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Chart 1: Fixed Base and Chained Fisher, Laspeyres,
Paasche and Tornqvist-Theil Indexes
2
1.8

PF(FB)
PL(FB)
PP(FB)
PF(CH)
PT(CH)
PL(CH)
PP(CH)

1.6
1.4
1.2
1
0.8
0.6
0.4
1

2

3

4

If the above data were monthly, and they repeated themselves 3 times over the year, the
overall chain link bias would build up to the 6 to 8% range, which is significant.
What explains the results in the above table? The problem is this: when commodity one
comes off sale and goes back to its regular price in period 3, the corresponding quantity
does not return to the level it had in period 1: the period 3 demand is only 1 unit whereas
the “normal” period 1 demand for commodity 1 was 10 units. It is only in period 4, that
demand for commodity one recovers to the period 1 level. However, since prices are the
same in periods 3 and 4, all of the chain links show no change (even though quantities are
changing) and this is what causes the difficulties. If demand for commodity one in period
3 had immediately recovered to its “normal” period 1 level of 10, then there would be no
chain drift problem.
There are at least three possible solutions to the chain drift problem that is associated
with the use of a superlative index in a situation where monthly scanner data is available
to the statistical agency for components of the CPI:13



13

Stick to the usual annual basket Lowe (1823) index that uses annual expenditure
weights from a past year;
Use Rolling Year GEKS to control for chain drift or
Use the Weighted Time Dummy Product method to control for chain drift.

There is a possible fourth method to avoid chain drift within a year when using a superlative index and
that is to simply compute a sequence of 12 year over year monthly indexes so that say January prices in the
previous year would be compared with January prices in the current year and so on. Handbury, Watanabe
and Weinstein (2013) use this methodological approach for the construction of year over year monthly
superlative Japanese consumer price indexes using the Nikkei point of sale data base. This data base has
monthly price and expenditure data covering the years 1988 to 2010 and contains 4.82 billion price and
quantity observations. This type of index number was recommended in the ILO (2004; chapter 22) as a
valid year over year index that would avoid seasonality problems. However, central banks and other users
require month to month CPIs in addition to year over year monthly CPIs and so the approach of Handbury,
Watanabe and Weinstein does not solve the problems associated with the construction of superlative month
to month indexes.
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The last two methods will be explained below along with a discussion of their relative
merits. The problem with the first method is that the Lowe index is subject to a small
amount of upper level substitution bias, usually in the range of 0.15 to 0.40 percentage
points per year.14 Note that none of the four main approaches to index number theory that
were described in previous chapters endorsed the Lowe index as a target index. The
widespread use of the Lowe index is due to its practical nature and the fact that the
amount of substitution bias is generally not all that large.15
3. The Rolling Year GEKS Approach to Index Number Theory
We turn now to an explanation of the Rolling Year GEKS method. The GEKS method
for making international index number comparisons between countries is due to Gini
(1931; 12). It was derived in a different fashion by Eltetö and Köves (1964) and Szulc
(1964) and thus the method is known as either the GEKS or EKS method for making
multilateral comparisons. Of course, it can also be adapted to making comparisons
between multiple time periods. Basically, the GEKS method in the time series context
works as follows. Suppose we have price and quantity information for a component of
the CPI on a monthly basis for a sequence of 13 consecutive months. Now pick one
month (say month k) in this augmented year as the base month and construct Fisher price
indexes for all 13 months relative to this base month. Denote the resulting sequence of
Fisher indexes as PF(1/k), PF(2/k), ..., PF(13/k).16 The final set of GEKS indexes for the
13 months is simply geometric mean of all 13 of the specific month indexes; i.e., the final
set of GEKS indexes for the months in the augmented year is any normalization of the
following sequence of indexes:17
(5) [k=113 PF(1/k)]1/13, [k=113 PF(2/k)]1/13, ... , [k=113 PF(13/k)]1/13 .
The above GEKS indexes have a number of important properties:18

14

For recent retrospective studies on upper level substitution bias for national CPIs, see Armknecht and
Silver (2014), Diewert, Huwiler and Kohli (2009) and Huang, Wimalaratne and Pollard (2013). For studies
of lower level substitution bias for a Lowe index, see Diewert, Finkel and Artsev (2009) and Diewert
(2013A).
15
Recent Canadian research has indicated that the substitution bias can be reduced substantially by more
frequent updating of the annual basket; see Huang, Wimalaratne and Pollard (2013).
16
Using scanner data, it is not trivial to construct these Fisher indexes. The problem is that for each pair of
months, it is necessary to determine the list of products that sold in both months so that the relevant Fisher
index between those two months can be constructed; see Nakamura and Steinsson (2008) and Nakamura,
Nakamura and Nakamura (2011) on these difficulties.
17
Balk (1981; 74) derived the GEKS parities using this type of argument rather than the usual least squares
derivation of the GEKS parities; see Balk (1996) (2008) and Diewert (1999b) for these alternative
derivations.
18
The basic idea of adapting a multilateral method to the time series context is due to Balk (1981) who set
up a framework that is very similar to the one explained here (which follows Ivancic, Diewert and Fox
(2011) more closely). Balk (1981) used an index number formula due to Vartia (1976) in place of
maximum overlap bilateral Fisher indexes as his basic building blocks and he considered augmented years
of varying length instead of a 13 month augmented year but the basic idea of adapting multilateral methods
to the time series context is certainly due to him.

8







They satisfy Walsh’s multiperiod identity test so that if any two months in the
augmented year have exactly the same price and quantity vectors, then the above
index values will coincide for those two months; i.e., the above indexes are free
from chain drift.
The above indexes do not asymmetrically single out any single month to play the
role of a base period; all possible base months contribute to the overall index
values.19
The above indexes make use of all possible bilateral matches of the price data
between any two months in the augmented year.
Strongly seasonal commodities make a contribution to the overall index values.

The last property explains why the augmented year should include at least 13 consecutive
months, so that strongly seasonal commodities20 can make a contribution to the overall
index.
The major problem with the GEKS indexes defined by (5) is that the indexes change as
the data for a new month becomes available. A headline CPI cannot be revised from
month to month due to the fact that many contracts are indexed to a country’s headline
consumer price index. A solution to this problem was proposed by Ivancic, Diewert and
Fox (2011). Their method added the price and quantity data for the most recent month to
the augmented year and dropped the oldest month from the old augmented year in order
to obtain a new augmented year. The GEKS indexes for the new augmented year are
calculated in the usual way and the ratio of the index values for the last month in the new
augmented year to the index value for the previous month in the new augmented year is
used as an update factor for the value of the index for the last month in the previous
augmented year. The resulting indexes are called Rolling Year GEKS indexes.
Numerical experiments with Australian and Dutch scanner data from grocery chains
show that the Rolling Year GEKS indexes work well when up to date price and quantity
data are made available to the statistical agency; see Ivancic, Diewert and Fox (2011), de
Haan and van der Grient (2011), Johansen and Nygaard (2011), van der Grient and de
Haan (2011) and Krsinich (2011). In particular, adding and dropping a month of data and
recomputing the GEKS indexes does not seem to change past index values very much.21
Basically, the method seems to control chain drift quite well.22 More research on the
method needs to be done23 but it looks quite promising.

19

Thus the above GEKS procedure seems to be an improvement over the suggestion of Feenstra and
Shapiro (2003) who chose only a single base month.
20
A strongly seasonal commodity is one that is not present in the marketplace for all months of the year.
21
Balk (1981; 77) also observed the same phenomenon as he computed his GEKS indexes using
successively larger data sets. Diewert (2013a) also found that Rolling Year GEKS estimates were quite
close to their GEKS counterparts for his small data set on Israeli seasonal commodities.
22
The Australian Bureau of Statistics plans to use RYGEKS for some components of its Consumer Price
Index. Statistics Netherlands also computed RYGEKS indexes for some components of its CPI on an
experimental basis with good results but they did not implement the method officially; see de Haan and van
der Grient (2011). A problem is that the method is difficult to explain to users.
23
An issue that requires further research is the effects of having different window lengths on the estimates.
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We turn to an alternative method that could be used to control the chain drift problem.
4. The Weighted Time Product Dummy Approach to Index Number Theory
The Rolling Year Weighted Time Product Dummy (RYWTPD) method for constructing
indexes that are largely free of chain drift had its origins in the international comparisons
literature, just as GEKS also had its origins in that literature. The Country Product
Dummy (CPD) method24 is due to Summers (1973) and a version of it (adapted to the
time series context) will now be explained.25
Suppose that we are attempting to make a comparison of prices over T consecutive
months over a reasonably homogeneous group of say N items. Suppose initially no
expenditure weights are available for the collected prices and that exactly K outlets are
sampled for each of the N items in each time period. Thus there are TNK price quotes
collected across all of the time periods.
Let ptnk denote the price of item n in outlet k in time period t for t = 1,…,T; n = 1,…,N; k
= 1,…,K. The basic statistical model that is assumed is the following one:
(6) ptnk = atbnutnk ;

t = 1,…,T; n = 1,…,N; k = 1,…,K

where the at and bn are unknown parameters to be estimated and the utnk are
independently distributed error terms with means 1 and constant variances. The
parameter at is to be interpreted as the average level of prices (over all items in this group
of items) in time period t and the parameter bn is to be interpreted as multiplicative units
of measurement factor that is specific to product n.26 If the error terms are all unity, then
it can be seen that the N item prices move in a proportional manner over time and thus
weighting is not important since all reasonable price index formula will generate the at as
the overall price levels up to a factor of proportionality. Thus the at are the period t price
levels that we want to determine while the bn are product effects. The basic hypothesis is
that the price of product n in outlet k in time period t is equal to a price level at times an
item commodity adjustment factor bn times a random error that fluctuates around 1.
Taking logarithms of both sides of (6) leads to the following model:
(7) ytnk = t + n + tnk ;

t = 1,…,T; n = 1,…,N; k = 1,…,K

where ytnk  ln ptnk, t  ln at, n  ln bn and tnk  ln utnk.

24

This method can be viewed as a simple type of hedonic regression model or alternatively, as a descriptive
statistics method that summarizes price movements into simple indexes along the lines pioneered by Theil
(1967; 136-138).
25
This material on the TPD method is adapted from Rao (2004) (2005) and Diewert (2004) (2005). The
term TPD is due to de Haan and Krsinich (2012) (2014). The adaptation of the CPD method to the time
series context is due to Aizcorbe, Corrado and Doms (2003).
26
The model assumes that the quality of the outlet k is the same for each product n. If this is not the case,
then each product in each outlet should be considered a separate commodity and the k index disappears
from the model.
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The model defined by (7) is a linear regression model where the independent variables
are dummy variables. The least squares estimators for the t and n can be obtained by
solving the following least squares minimization problem:
(8) min  t ,  n {t=1T n=1N k=1K [ytnk  t  n]2}.
We also require a normalization on the t and n such as 1 = 0.27 Solve (8) for the least
squares solution parameters t* and n* and let at  exp[t*] for t = 2,3,...,T and bn 
exp[n*] for n = 1,...,N. It turns out that the price level for period t, at, is the following
expression:
(9) at = n=1N k=1K ptnk1/NK / n=1N k=1K p1nk1/NK ;

t = 1,...,T.

Thus the TPD price level for period t (using the balanced sample of prices) is equal to the
geometric mean of all of the period t prices divided by the geometric mean of all of the
period 1 prices; i.e., it is a Jevons (1865) index! However, the solution is much more
complicated when some outlet prices are missing from some period or when the number
of outlets varies from period to period. We will deal with these more complicated
situations below when we introduce weighting.
Now introduce weighting into the picture. Thus for product n in time period t, we assume
that there are K(t,n) outlets that have transactions in product n 28 and that the unit value
price for the kth such transaction is ptnk and the associated quantity transacted is qtnk for k
= 1,2,…,K(t,n). Again, ytnk  ln ptnk is the logarithm of the price ptnk. For each time period
t, we use the prices and quantities ptnk and qtnk in order to form the following period t
expenditure shares across all products n and all outlets k:
(10) stnk  ptnkqtnk / i=1N j=1K(t,n) ptijqtij ;

t = 1,...,T ; n = 1,…,N ; k = 1,…,K(t,n).

For each time period t, these expenditure shares sum up to 1:
(11) n=1N k=1K(t,n) stnk = 1 ;

t = 1,…,T.

The Weighted Time Product Dummy (WTPD) counterpart to the unweighted least squares
minimization problem (8) above is:
(12) min  t ,  n {t=1T n=1N k=1K(t,n) stnk [ytnk  t  n]2}.

27

This normalization implies that a1 = 1; i.e., the aggregate price level is set equal to unity in the first
period. Thus the price levels for subsequent periods at become price indexes (relative to the level of prices
in period 1).
28
We allow K(t,n) to be zero; i.e., it can be the case that for some time periods t, there are no price quotes
collected for product n.
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Again, the parameters t and n cannot be uniquely identified so we will choose to set the
price level in period 1, a1  exp[1], equal to 1, which implies the following
normalization on the parameters appearing in (12):
(13) 1 = 0.
In order to obtain a classical regression model that has a solution consistent with the
weighted least squares minimization problem (12) subject to the constraint (13), we need
to multiply each ytnk by the square root of the associated expenditure share stnk defined by
(10); i.e., the counterparts to our linear regression equations (7) are now the following
equations:
(14) stnk1/2 ytnk = stnk1/2 t + stnk1/2 n + tnk ;

t = 1,…,T; n = 1,…,N; k = 1,…,K(c,n)

where ytnk  ln ptnk and the t for t = 2,…,T and n for n = 1,….,N are parameters to be
estimated (1 is set equal to 0) and the tnk are assumed to be independently distributed
error terms with means 0 and variances 2. If for any t and n, K(t,n) = 0 so that there are
no item n prices collected in time period t, then the corresponding equations in (14) are
dropped.
In order to rigorously justify the linear regression model (14) from an econometric point
of view, we need to assume that the variance of ytnk is proportional to 2/stnk for t =
1,…,T; n = 1,…,N; k = 1,…,K(t,n).29 This means that the smaller is the expenditure share
stnk, the bigger will be the variance of ytnk. This assumption is not likely to be precisely
justified from a statistical point of view but solving the weighted least squares problem
(12) leads to very reasonable estimates for the period t price levels, at  exp[t*] for t =
2,3,...,T where the t* are the least squares estimates of the t for the linear regression
model defined by (14). These estimates are reasonable from the viewpoint of classical
index number theory, where weighting by economic importance is regarded as being
extremely important. It is worth quoting Irving Fisher on the importance of weighting:
“It has already been observed that the purpose of any index number is to strike a ‘fair average’ of
the price movements—or movements of other groups of magnitudes. At first a simple average
seemed fair, just because it treated all terms alike. And, in the absence of any knowledge of the
relative importance of the various commodities included in the average, the simple average is fair.
But it was early recognized that there are enormous differences in importance. Everyone knows
that pork is more important than coffee and wheat than quinine. Thus the quest for fairness led to
the introduction of weighting.” Irving Fisher (1922; 43).
“But on what principle shall we weight the terms? Arthur Young’s guess and other guesses at
weighting represent, consciously or unconsciously, the idea that relative money values of the
various commodities should determine their weights. A value is, of course, the product of a price
29

An alternative way for justifying the weighted model (12) is to argue that each logarithmic price ln p tnk
should be repeated according to its economic importance; i.e., if consumers are spending e tnk dollars on
commodity n during time period t, then ln ptnk should appear etnk times in the regression instead of only
once. In order to standardize these weights across time periods, we change the etnk weight to stnk. This type
of argument was used by Diewert (2005) (2006).
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per unit, multiplied by the number of units taken. Such values afford the only common measure
for comparing the streams of commodities produced, exchanged, or consumed, and afford almost
the only basis of weighting which has ever been seriously proposed.” Irving Fisher (1922; 45).

Thus it can be argued that solving (12) leads to index numbers that are reasonable from a
descriptive statistics point of view; i.e., the resulting price levels are a reasonable way of
summarizing overall price trends in the data, where the relative economic importance of
each unit value price is taken into account in the model.30
It can be verified that if the expenditure and price data are exactly the same for any two
periods, then the WTDP method will generate price levels for the two periods that are
also identical. Thus the WTPD estimates satisfy an identity test and hence are free of
chain drift over the T periods in the sample.31
The WTPD price level estimates suffer from the same problem that the GEKS estimates
suffer from: the addition of one more period to the sample will change all of the
estimates. Thus Ivancic, Diewert and Fox (2009) proposed a Rolling Year approach to
the Weighted Time Product Dummy (RYTPD) estimation procedure; i.e., set T = 13 and
as a new month’s data is added, delete the data for the oldest month in the sample, obtain
new WTPD estimates and use the month over month movement in the estimated price
levels for the last two months to update the previous estimates.32
When we move from WTPD estimates to RYWTPD estimates, the Multiperiod Identity
Test is no longer satisfied by the price level estimates and so the rolling year variant of
the method is subject to possible chain drift. However, as was the case with the move
from GEKS to RYGEKS, empirically very little difference is found between the rolling
year indexes and their fixed sample counterparts.33 Thus both the RYGEKS and
RYWTPD methods seem to be largely free of chain drift.
How do the RYGEKS estimates compare with the corresponding RYWTPD estimates
when using the same data set? Empirical experience is limited but in the studies that have

30

There is another way of proceeding and that is to solve the weighted least squares problem but instead of
assuming the stochastic specification given below (14), assume that ycnk = c + n + cnk where the cnk are
independently distributed and have mean zero and variance 2. We still solve (12) for the weighted least
squares t* and n* but the resulting parameter estimates are no longer minimum variance unbiased for the
new stochastic specification. However, the resulting estimates are still unbiased under the new stochastic
specification and they are representative from the viewpoint of index number theory. Hill and Timmer
(2006) take this point of view. Note also that Diewert (2005) derived an explicit index number formula for
a2 using the weighted least squares model defined by (12) for the two period case; i.e., the case where T =
2. Diewert also showed that the resulting index number formula approximated the Törnqvist-Theil index to
the second order around an equal price and quantity point.
31
De Haan and Krsinich (2012) noted this property of the method.
32
Ivancic, Diewert and Fox (2009) is essentially the same as Ivancic, Diewert and Fox (2011) except the
former paper had an extra section in it which compared the RYWTPD method to the RYGEKS method
using Australian scanner data.
33
See Ivancic, Diewert and Fox (2009) and de Haan and Krsinich (2012) (2014).
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compared the two methods, there is a general tendency for the RYWTPD estimates to be
slightly less than their RYGEKS counterparts.34
A possible explanation for the differences in the indexes generated by the two methods
may be due to the democratic weighting that is inherent in the GEKS method. Thus the
GEKS estimates are formed by averaging a series of 13 separate sets of index numbers
where the data of each month in the augmented rolling year are used as the base price and
quantities in each of the bilateral indexes. If the data for one month is sparse so that the
value of transactions in that month is unusually low and perhaps not “typical”, then these
atypical indexes are averaged with all of the other 12 sets of indexes and given an equal
weight in the averaging process.35 On the other hand, the WTPD method would
automatically give a much lower weight to the possibly atypical prices in the low volume
month. The WTPD method works on a principle that tries to fit heterogeneous price
movements over the sample into a simpler framework where all price movements are
approximated by proportional movements in prices over time, taking into account the
economic importance of the prices.
A simple (extreme) example may help to illustrate possible problems with the GEKS
methodology. Suppose we have price and expenditure share data for 3 products for 3
periods but each product is present in only 2 of the 3 periods. Suppose the first product is
present in periods 1 and 2 with prices p11, p12, the second product is present in periods 2
and 3 with prices p22, p23 and the third product is present in periods 1 and 3 with prices
p31, p33. The period 1 expenditure shares for products 1 and 3 are s11 and s31, the period 2
expenditure shares for products 1 and 2 are s12 and s22 and the period 3 expenditure shares
for products 2 and 3 are s23 and s33. The expenditure shares for each period sum to one.
Because of the missing data, we can only calculate 3 matched product bilateral indexes
across the 3 periods. The Fisher index for period 2 relative to period 1, PF(2/1), turns out
to equal the price ratio p12/p11; the Fisher index for period 3 relative to period 2, PF(3/2),
turns out to equal the price ratio p23/p22 and the Fisher index for period 3 relative to
period 1, PF(3/1), turns out to equal the price ratio p33/p31. We can compute three separate
set of price levels using different combinations of the available bilateral indexes.
The first set of parities uses the index PF(2/1) to determine the period 2 price level
relative to the period 1 level and the period 3 price level relative to the period 1 level is
determined as PF(3/1). The resulting price levels are the following ones:
(15) P1 = 1 ; P2 = (p12/p11) ; P3 = (p33/p31).
The second set of parities uses the index PF(2/1) to determine the period 2 price level
relative to the period 1 level and the period 3 price level relative to the period 1 level is

34

See Ivancic, Diewert and Fox (2009) and de Haan and Krsinich (2012) (2014). The latter authors used
the Törnqvist-Theil index formula as their basic bilateral formula in their RYGEKS estimates instead of the
Fisher index but it is unlikely that this formula difference would affect the results.
35
This situation occurs frequently in the context of making international comparisons of prices using the
GEKS method.
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determined as the product PF(2/1) times PF(3/2).36 The resulting price levels are the
following ones:
(16) P1 = 1 ; P2 = (p12/p11) ; P3 = (p12/p11)(p23/p22).
The third set of parities uses the index PF(3/1) to determine the period 3 price level
relative to the period 1 level and the period 2 price level relative to the period 1 level is
determined as the product PF(3/1) times PF(2/3). The resulting price levels are the
following ones:
(17) P1 = 1 ; P2 = (p33/p31)(p22/p23) ; P3 = (p33/p31).
The price levels defined by (15) are a normalization of the Fisher parities generated by
using period 1 as the base period, while the price levels defined by (16) and (17) are
normalizations of the Fisher parities that use periods 2 and 3 as the base periods
respectively.
Taking the geometric mean of the above price levels leads to the following GEKS price
levels:
(18) P1 = 1 ; P2 = [(p12/p11)2(p33/p31)(p22/p23)]1/3 ; P3 = [(p12/p11)(p23/p22)(p33/p31)2]1/3.
Note that the GEKS price levels do not depend on the expenditure shares. However, the
Weighted Time Product Dummy price levels for this example will depend on the
expenditure shares. The exact formula for these price levels is too complicated to be
exhibited here but we know that the WTPD price levels will be weighted according to the
size of the expenditure shares in each period.37 In particular, suppose the commodity 3
expenditure shares, s31 and s33, are tiny. Then the WTPD price levels will be close to the
price levels defined by (16) (which do not involve the prices p31 and p33). On the other
hand, suppose the commodity 2 expenditure shares, s22, s23, are close to zero. Then the
WTPD price levels will be close to the price levels defined by (15) (which do not involve
the prices p22 and p23). Finally, suppose the commodity 1 expenditure shares, s11, s12, are
close to zero. Then the WTPD price levels will be close to the price levels defined by
(17) (which do not involve the prices p11 and p12). In each of the three cases just
considered, the WTPD price levels are very reasonable; the unimportant commodity is
given a low weighting in the overall index but this is not the case for the GEKS price
levels: the GEKS price levels remain the same under all three scenarios! Thus if price
movements are far from proportional over time, so that the price levels defined by (15)(17) are very different, then the GEKS indexes may be rather far removed from their
WTPD counterparts, which will be much more reasonable in each of the three cases
considered above. These possible problems with the GEKS indexes carry over to Rolling
Year GEKS indexes.

36

Because there is only one commodity whose price is compared in each bilateral Fisher index, these
bilateral Fisher (and Laspeyres and Paasche) indexes all collapse down to simple price ratios.
37
In this example, K(t,n) is always equal to 1; i.e., we have only one outlet for each product.
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More research is required on pinning down the differences between the GEKS estimates
and their WTPD counterparts but at this stage, we tentatively conclude that in the case
where the period to period data is sparse and there is a lack of product matching for each
pair of periods under consideration, the WTPD estimates may be preferable to the
corresponding GEKS estimates (and the RYWTPD estimates may be preferable to the
corresponding RYGEKS estimates).
5. Elementary Indexes: New Developments
The ILO Manual basically recommended the Jevons formula for elementary indexes.38
This advice was based on the axiomatic approach to elementary indexes; see Diewert
(1995). In the case of complete data on a sample of products with no sample attrition, we
end up with the formula (9) in the previous section. But real life does not generate
complete samples with no attrition; products disappear and then reappear39 and some
products disappear permanently. If a product disappearance is thought to be temporary,
price statisticians typically impute the missing prices. But there are many imputation
methods40 and this creates a certain amount of uncertainty about the accuracy of the index
at any give time period.
There is another problem associated with elementary indexes that the Manual did not
deal with and that is the fact that many statistical agencies do not chain their elementary
indexes every month: they choose a reference month and then calculate item prices
relative to the item price in the base month for 13 months.41 The problem with this
strategy is that the procedure depends asymmetrically on the choice of the base month.
Some items will not be available in the base month and so how are we to treat these items
which appear in subsequent months?
Thus chaining elementary price quotes is problematic (due to the necessity of imputing
prices for temporarily disappearing items and for strongly seasonal items) and using a
fixed base methodology for elementary indexes is also problematic (due to the fact that
some products may not be available in the base month and more generally, due to the
asymmetry of choosing one month out of 12 months as the base month).
A solution to these problems was suggested by de Haan and Krsinich (2012) and Diewert
(2012): use the Time Product Dummy methodology in order to construct elementary
indexes. These TPD indexes are generated by solving the least squared minimization
38

Elementary indexes are constructed using item prices only (due to the unavailability of quantity
information).
39
This can happen with strongly seasonal products or the temporary disappearance may be due to the fact
that retailers sometimes rotate the brand items that they sell in order to generate price discounts from
manufacturers.
40
See Feenstra and Diewert (2001) for a review of alternative imputation methods and references to the
literature.
41
Thus the Retail Prices Index in the UK uses January as its base month whereas the Harmonized Index of
Consumer Prices used as the official Eurostat measure of European household inflation uses December as
its base month for a sequence of 13 months; see Diewert (2012) for more discussion on these short term
fixed base methods. In many other countries, month to month chained elementary indexes are used.
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problem (12) above, except the expenditure shares stnk are all set equal to one. The
resulting elementary indexes, a1 =1, a2 = exp[2], ..., aN = exp[N] have a large number of
good axiomatic properties.42 This new approach to the construction of elementary indexes
seems promising. De Haan and Krsinich (2012) and Diewert (2012) suggested that the
TPD methodology could be generalized into a Rolling Year Time Product Dummy
(RYTPD) method where a moving sample of 13 consecutive months of item price data is
used to generate TPD price levels and then the movement in the index for the last two
months is used to update the previous index.
The RYTPD method for constructing elementary indexes seems to be very promising. It
is relatively easy to implement, there are no imputations required for the method and it
treats the price data for each period in a symmetric manner.
More research into the method is required. It would also be useful to look at variants of
the method that allowed for longer windows; e.g., instead of using 13 consecutive months
of data, perhaps more stable estimates may be obtained using 25 consecutive months of
data in each RYTPD regression.43
6. New Approaches to Quality Adjustment
A problem with the RYGEKS and RYWTPD methods described above is that these
methods do not deal adequately with the introduction of new products. Thus if a new
product enters the marketplace during the last period in the Rolling Year, it will have no
effect on the index for the current period and all previous periods. De Haan and Krsinich
(2012) (2014) invented a method that deals with this problem. The basic building block
in their method is a time dummy hedonic regression model that uses the data for two
periods. The dependent variable in the model is the logarithm of the item price and a time
dummy and various characteristics of the product enter the regression as independent
variables. The time dummy coefficient and the characteristic “prices” are the result of a
weighted least squares minimization problem. If an item appears in both periods under
consideration, the weights in the weighted regression are the (arithmetic) average of the
expenditure shares for the item in the two periods; if the item appears in only one of the
two periods, one half of the expenditure share on the item for that period is used as the
weight. The resulting bilateral price index turns out to equal the usual Törnqvist index if
all items are present in both periods but for unmatched items, an imputed price for the
missing price enters the index number formula and this imputed price is obtained as a
predicted price using hedonic regression. Thus in the general case when there are
unmatched items in the two periods under consideration, we obtain a generalization of the
usual Törnqvist index that makes use of imputed prices from the hedonic regression and
hence de Haan and Krsinich (2012) call the resulting bilateral index number formula the
Imputation Törnqvist index.44 De Haan and Krsinich (2012) (2014) proposed the
42

See de Haan and Krsinich (2012) (2014). If approximate share weights are available, then these
approximate weights should be used and the Weighted TPD method should be used.
43
If the time period is longer than an (augmented) year, then the term Rolling Window TPD method is more
appropriate.
44
This index is derived in de Haan and Krsinich (2012)(2014) and draws on earlier contributions by
Diewert (2003) and de Haan (2003) (2004).
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following variation of the Rolling Year GEKS method: instead of using bilateral Fisher
indexes as the basic building blocks, the Fisher indexes are replaced by bilateral
Imputation Törnqvist indexes. They call the resulting indexes ITRYGEKS indexes.45
Which of the three methods discussed above is “best”? Methods 1 and 2 (RYGEKS and
RYWTPD) have the disadvantage that unmatched items in any bilateral index used as
building blocks in these methods have no impact on the resulting indexes. But these
methods have the advantage that no information on product characteristics is required in
order to implement these indexes. Method 3 (ITRYGEKS) has the advantage that it is
likely to have the least amount of bias due to the introduction of new models and the
disappearance of old models but of course, it has the disadvantage that product
characteristics information is required in order to implement the method. The bottom line
is that ITRYGEKS may be the best method that can deal with chain drift and quality
change in the context of using scanner data.46
De Haan and Krsinich (2012) (2014) and Krsinich (2013) showed that for electronic
products in New Zealand, the RYWTPD indexes were closer to their “gold standard”
ITRYGEKS indexes than their RYGEKS counterparts. This is a somewhat surprising
result since it is known that in the two period case where all products are present in both
periods, RYGEKS and RYWTPD approximate each other closely.47 However, the results
presented by Krsinich indicate that this close correspondence does not necessarily hold in
more realistic environments when not all products are present in all periods. The
implication of the results presented by de Haan and Krsinich is that when information on
product characteristics is not available, the RYWTPD method may be preferred to the
RYGEKS method. This is an important result but more research on this is required.48
The results derived by de Haan and Krsinich required the availability of scanner data on
sales and the prices of various electronic products. Suppose the statistical agency does not
have access to data on sales and prices. What is the “best” approach to quality adjustment
when only price data is collected? This is an open question.
The work by de Haan and Krsinich is perhaps the most important work on the theory and
practice of quality adjustment that has appeared since the publication of the Manual. Of
lesser importance is the research by Diewert, Heravi and Silver (2009) and de Haan
(2010) that examines more closely the differences between the time dummy approach and
the hedonic imputation approach to hedonic regressions.
7. Long Time Problems with the CPI that Still Need to be Addressed

45

It might be more appropriate to call these indexes ITRYCCD indexes since multilateral Caves,
Christensen and Diewert (1982) indexes are used in place of multilateral GEKS indexes in the case where
all items are matched.
46
However, it should be possible to adapt the WTPD method to deal with quality change.
47
See Diewert (2005; 564).
48
This result reinforces the earlier misgivings about the democratic nature of the GEKS indexes in the
context of sparse data.
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There are several long standing problems associated with the construction of a CPI that
have troubled national statisticians over the years. The author’s list of vexing problems is
the following list:






Should the CPI be compiled on a domestic, national or household inflation basis?
What is the appropriate treatment of Owner Occupied Housing (OOH) in the CPI?
How exactly should financial services be treated in the CPI?
How can strongly seasonal commodities make a contribution to the month to
month CPI?
Is it possible to construct real time CPIs, using current month information on
prices and older information on household expenditure shares, that will
approximate a superlative CPI that is constructed later when additional data on
expenditures shares become available?

These problems will be discussed in the following subsections.
7.1. National versus Domestic Versus Household Inflation
If the CPI is to be used to deflate the consumption expenditures of domestic households
in a nation, then the national CPI should be calculated on a domestic basis; i.e., the
expenditures of households that primarily reside in the nation should be used as weights
in the national CPI. Many economists use the domestic CPI to deflate nominal consumer
expenditures to look at the welfare of residents in the country. Thus from the viewpoint
of welfare economics, nations should provide a national CPI. However, when we look at
the production accounts of a country (and the associated Multifactor Productivity or Total
Factor Productivity accounts of a nation), we require a “domestic” CPI which is usually
labelled as the Domestic Consumption Deflator. This deflator is used to convert all sales
of consumer goods generated by producers domiciled in the country into real domestic
consumption. Thus we require both the national and domestic consumption deflators to
fill in the deflator cells in the System of National Accounts.49
The Harmonized Index of Consumer Prices was introduced by Eurostat to measure
consumer inflation across countries belonging to the European Union in a comparable
manner. The HICP is widely used by central banks use to gauge relative inflation rates
across member countries. This is a valid household inflation index but it does not provide
a substitute for the national and domestic consumer price indexes described in the above
paragraph.50
7.2 The Problem of Owner Occupied Housing in the CPI
49

The main difference between the two indexes is the expenditures of nationals abroad (this is in scope for
the national concept) and the expenditures of tourists in the home country (this is in scope for the domestic
concept).
50
The Eurostat HICP index was originally introduced as an index that would make absolutely no
imputations. However, over time, it was recognized that quality change required imputations and
eventually the HICP allowed imputations for quality change. Diewert (2002) criticized the HICP from the
viewpoint that it did not exactly fit into the System of National Accounts. However, if central banks want a
minimal imputation index that measures consumer inflation, then the HICP fills a very useful function.
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There is no consensus on how Owner Occupied Housing (OOH) should be treated in the
CPI. The main approaches to the treatment of OOH are as follows:






The rental equivalence approach. In this approach, the value of the services of
OOH is the rent that the owned unit could accrue if it were rented.
The monetary expenditures approach. In this approach, the out of pocket costs
of home ownership are totalled to provide an imputed “rent”.51
The acquisitions approach. In this approach, the ownership of previously
purchased housing properties is ignored; only newly constructed housing units
are in scope.52
The user cost approach. In this approach, the imputed value of housing services
is set equal to the financial cost of tying up owner’s capital in the house.
The opportunity cost approach. In this approach, the maximum of the user cost
and rental equivalent price is used as the valuation of the services of the housing
unit.53

Since no consensus on the appropriate approach to the valuation of the services of Owner
Occupied Housing has been achieved in the literature, it seems reasonable to ask national
statistical agencies to provide analytical series for all five approaches to the valuation of
housing services. To date, these analytical series have not been forthcoming!
7.3 The Measurement of Financial Services in the CPI
Financial services are an important component of GDP and a somewhat important
component of household consumption. What is amazing is that there is absolutely no
agreement on how to measure these services. The main components of financial services
for households are the services provided by their monetary deposits and insurance
services for property and life. There are other financial services that are easier to measure
such as stock trading (this is basically a margin industry and can be treated in a manner
similar to wholesaling and retailing).54
Reviewing all of the alternative treatments of financial services that have been suggested
in the literature would be a major task. Suffice it to say that there is extreme

51

The problem with this approach is that it does not list all of the (opportunity) costs and benefits of
ownership. The main missing costs are depreciation and the financial capital tied up in the equity of the
housing unit and the main benefit that is missing is the expected capital gains (or losses) on the property.
This is my least preferred alternative treatment of owner occupied housing.
52
This is the variant that the HICP has chosen to implement. There are two variants of the method: include
only the structure portion of the new building or include the structure and land components together.
53
See Diewert (2011) and Diewert, Nakamura and Nakamura (2009) for a description of the alternative
approaches.
54
However, in wholesaling and retailing, the price of the service is the margin times the price of the
products being purchased. In the case of stock trading, the appropriate price is not completely clear.
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heterogeneity in these treatments.55 It would be good if academics could turn their
attention to these basic measurement problems in the area of financial services in the near
future.
7.4 How Can Strongly Seasonal Commodities Make a Contribution to the Month to
Month CPI?
The answer to the above question is relatively straightforward in the light of the analysis
that we have done above in looking at the properties of the GEKS and WTPD methods.
For both of these methods, strongly seasonal commodities play a role in the overall index
construction. Similarly, if we look at elementary indexes, the TPD method explained
above deals adequately with strongly seasonal commodities.
The practical question to be resolved in the coming years is whether the RYGEKS is
better than the RYWTPD method. This is an open question.
At the elementary level, the RYTPD method seems to be a much superior option to other
methods for constructing elementary indexes.
7.5 Predicting Superlative CPIs Using Current Prices and Past Expenditure Shares
Is it possible to construct a real time CPI using current month information on prices and
older information on household expenditure shares that will approximate a superlative
CPI that is constructed later when additional data on expenditures shares become
available? It seems unlikely that we will be able to approximate a superlative CPI
perfectly using currently available data but recent research has indicated that it is possible
to obtain pretty good approximations to a superlative CPI using current data; see
Armknecht and Silver (2014) and Huang, Wimalaratne and Pollard (2013). This is an
promising area which requires more research.
8. Conclusion
In the decade since the Consumer Price Index Manual appeared, there have been some
significant new developments in the theory and practice of CPI construction. A new
development is the fact that some supermarket firms in some countries are willing to
share their price and quantity data with national statistical agencies. Hopefully, this spirit
of cooperation will spread to other countries.56
With the advent of scanner data availability, it becomes possible to compute the type of
indexes that have been recommended by index number theorists over the past century.

55

For materials on variants of the user cost approach to measuring financial sector inputs and outputs, see
Barnett (1980), Hancock (1985) (1991), Wang, Basu and Fernald (2009), Colangelo and Inklaar (2012),
Diewert, Fixler and Zieschang (2013a) (2013b), Inklaar and Wang (2013) and Diewert (2014).
56
Many retailers have the information in files; the costs of providing this information to national statistical
agencies is trivial.
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But new problems have emerged; in particular the problem of chain drift for superlative
indexes has emerged.
This chapter has indicated methods for overcoming the chain drift problem. When price
and quantity information is available, the Rolling Year GEKS or the Rolling Year
Weighted Time Product Dummy method is recommended. For high tech products that are
undergoing rapid technological change, the methods for quality adjustment developed by
de Haan and Krsinich are recommended. At the level of elementary indexes, the Rolling
Year Time Product Dummy method is recommended.
However, the above methods have not been thoroughly tested and so perhaps some
caution is in order. Hopefully, further research in the coming years will demonstrate
whether the suggested methods are definitely preferred.
Finally, in section 7 above, some long standing problem areas with respect to CPI
construction have been highlighted. It would be good if some progress could be made on
resolving these problems in the coming decade.
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