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l. | nt roducti on

1. The possi bl e exi stence of bias in measured consuner price indices (CPl)
has been the subject of nuch discussion in recent years follow ng the well
publ i cised findings of the Boskin Commission® in the United States. The
extent of discussion is due to the wide variety of ways in which the CPl is
used and the significant consequences of m ss-neasurenent. |In nost countries
esti mates of constant price GDP and nmeasures of productivity are dependent on
the rate of change in prices as neasured by the CPI. Overstatenent of the
CPl would inply that the current growth estinmates of these two series are, in
fact, underestimated. Further, in many countries government budgets, genera
wage negotiations and many private contracts are closely linked to novenents
in the CPl inplying a significant, real, nonetary inpact of niss-nmeasurenent.
Possible bias in the CPl is not to be taken l[ightly.

2. Rat her than present any new study into particular aspects of bias the
aimof this paper is to identify and interpret the key elenents of bias in
the CPl and to try to Iink together the nany and varied argunments which
relate to bias. Wiile it nay seema relatively recent issue, index bias is
not new and i ndeed, the desire of econonists and index nunber specialists to
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identify the best neasure of price change has been ongoing for at |east 200
years. Sone great strides have been nade but there remain sone significant
conceptual and enpirical difficulties in defining the best price index. The
exi stence of bias and the correction for it nmust be seen in the |ight of
these difficulties.

3. It should also be noted that the study of bias in the CPl is incredibly
broad at its extrene. It deals with practical concerns of price collection
and theoretical aspects of index nunbers and utility theory. Wile in recent
years it has often been considered as an issue in its own right this is not
appropriate. Rather, it should be considered as inextricably linked to the
actual choice of nethods used in CPl conpilation. This paper attenpts to

hi ghli ght these links but, inevitably, the paper is not able to cover sone
matters in the depth which would be ideal

4, Section 2 of the paper presents a definition of bias and section 3
provi des some basic information on index construction and substitution
Section 4 discusses the five main sources of bias comenting on their
definition, the relevant issues and possible solutions. Section 5 covers the
nmeasur enent of bias including discussion of the way bias changes over tine.
The final section presents broad conclusions. The paper also contains a
structured bibliography which attenpts to classify sone of the many docunents
relating to bias.

1. A definition of bias

Does bias exist?

5. Wil e the anount of recent debate nay suggest that the exi stence of
bi as can be taken for granted, there is not a straightforward answer. The
study of CPlI bias questions the overall relevance of a CPl in nmeasuring

actual price changes. It does this by exami ning situations where the use of
certain techniques, practices or formula derives results that are
systematically higher or Iower than a true neasure. |Inportantly, bias does

not cover errors, such as sanpling and non-sanpling errors, which are not
usual |y systematic in nature and are not closely associated with the

rel evance of the index as such. However, even though bias has a broad view
it is actually observed at quite detailed | evels of an index. Questions of
rel evance are validly applied at a detailed [ evel since different nmeasuremnent
practices are used at different stages of conpilation of the total index.
VWhet her an overall bias exists is therefore a conplex question requiring
detail ed anal ysis of many aspects of CPlI conpilation
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The true CP

6. To nmeasure bias sone concept of a true index is required. Wether a
single, true index exists is a matter of debate. Mst often in the
l[iterature, bias is defined as the deviation of the neasured CPlI froma cost
of Iiving (COL) index. However, a CPl can be defined according to a range of
other criteria and a single definition of a true index is not sought here.
Rat her, there is a nore general focus on the definition of the index since
this is central to questions of relevance and bi as.

7. At the first level of definition the scope of the index is the prinary
concern since it is this which links the index to the intended aim To the
extent that the defined scope fits the intended aimthen bias is not at issue
at this level.? One effect of this conclusion is that the COL index versus
inflation index debate, which is largely a debate over scope, should not be
gi ven a hi gh prom nence when di scussing i ssues of bias.® Once the scope of the
i ndex has been determ ned further definition is required regardi ng i ndex
nunber fornula, collection techniques, etc. It is at this |evel of
definition that issues of bias arise since it is at this level that questions
are raised as to whether the nmeasured index will appropriately reflect the
actual price changes for the good and services within scope. This paper
essentially shows how a range of decisions at this level of index definition
can i npact on the neasured CPI

8. The rel evance of the neasured index to the true index is assessed on
the basis of expectations. It is the existence of expectations, derived from
observation of the real world, which pronpts the issue of bias. Wth respect
to CPl there are two key areas: (i) the way in which an index nunber responds
to price change; and (ii) the way in which consumers react to price change.*
While there is general support for many of the expectations involved in the
first area, the second area is open to nmuch debate. The second group of
expectations is closely related to consunmer or utility theory. Wile the
theory is far fromexplaining all of the notivations behind consuner

behavi our, sone quite strong ideas, for exanple that prices and quantities
are generally inversely related, have been shown to hold. Overall, there are
certain links to econonics which are relevant in the construction of CPl and
hence in the assessnent of the rel evance of the neasured index.

9. Since not all consunmer behavi our has been precisely defined and the
links to price change are sonetines very unclear, it is difficult to nmeasure
an expected or true index w thout making significant assunptions. However,
such rmeasurenent difficulties should not suggest that bias froma true index
is not possible. Mre inportantly, since bias nmust be considered at a
detailed level a range of true indices will be required depending on the

i ssue under consideration. Wile not necessarily making the nmeasurenent of
an overall true index easier, analysis at a detailed | evel does highlight the
i nks between expectations and neasurenent. True indices may be difficult to
define and neasure but their existence is real. Bias fromthemw ||l depend
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on how well the chosen nethods of index construction reflect the expected
behavi our of the indices.

1. A brief introduction to price indices

Price i ndex construction and assunptions

10. In order to appreciate the many issues involved in price index bias
some basi ¢ understanding of the way in which price indices are constructed is
required. The basic steps are that price observations for a single type of
product (good or service) are collected froma range of different outlets,
these are aggregated to forman el enentary aggregate index (usually without
wei ghts) and finally these indices are aggregated, using expenditure weights,
to formupper level indices and the total CPI

11. Two assunptions which are particularly relevant to the assessnent of
bias are (i) that the product is available in consecutive periods; and

(ii) that the price observations in consecutive periods refer to a product of
the sane quality. These assunptions are significant since the continually
changi ng range and quality of products nmakes the maintenance of the two
assunptions very difficult. Indeed, to a large extent, the ways in which

i ndex nunber conpilers adjust the index to maintain these assunptions are the
focus of studies of bias.

| ndex nunber fornul a

12. I ndex nunber fornula are required at two levels of the CPI. At the

el enentary aggregate |level there are a nunber of choices which are di scussed
in nmore detail in the section on elenentary aggregate bias. At the upper

| evel a nunber of possibilities exist. |n general, countries use a Laspeyres
i ndex which uses weights froman earlier period to aggregate prices. The
direct alternative is the Paasche index which uses weights fromthe current
period. Wile the Laspeyres index is currently the only practical
alternative because weighting information is only available with sone del ay,
both of these indices are linted since they use only one period of weighting
i nformati on in neasuring price change between two peri ods.

13. In 1922 Fisher made fanmpbus a symetric index, the Fisher ideal index,
whi ch uses weighting information fromthe two periods under consideration

In 1936 Tornqvi st presented an alternative synmetric index. Both of these
formul a can be shown to have many properties which rate them as being “ideal”
indices. Gven certain basic assunptions on the nature of price and quantity
relationships it has been shown that these symretric indices lie between the
Laspeyres and Paasche indices. Wile Konus had shown in the 1930s that the
true COL index |lay between the Laspeyres and the Paasche COL indices it was
only in 1976 that Diewert showed the |ink between COL indices and idea
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i ndi ces, such as the Fisher or Tornqvist. He proved that these indices would
cl osely approximate an exact COL index for any utility function®.

14. It is inmportant to recognise that, irrespective of the links to COL
i ndi ces, a Fisher index, or another ideal index, will provide a better
neasure of price change than either the Laspeyres or Paasche indices. 1In

recogni sing the benefits of using an ideal index the inportant distinction is
one between wei ghts and baskets. Wile the basket of goods and services may

remain fixed there is no requirenent to use fixed weights in order to neasure
the price change for the whol e basket®.

Substitution

15. Substitution occurs when, as a result of changes in relative prices,
consuners switch fromthose products whose prices have increased relatively
nore (decreased less), to those whose prices have increased relatively |ess
(decreased nore). Wile substitution can theoretically occur between any two
products, it is nmore likely to occur in the short term between products which
fulfil simlar purposes, for exanple between different fornms of

entertainment. Further, since the CPl has a nunber of levels and it can be
observed that the substitution effect is likely to be stronger within the

| ower, elenentary aggregate |evels of the index where there are groupi ngs of
nore simlar products.

16. Three other points are worth noting. First, substitution occurs in
response to many factors other than relative price change, for exanple
changes in tastes, fashion, income and technology. At a nore aggregate

| evel, substitution nay be observed in response to denographic changes.
Second, a nunber of different econonic nodels exist which assune different
rates of substitution (elasticities). 1In general these nodels are unlikely
to hold exactly since actual elasticities between itens will vary. However,
such nodel s can be useful as a guide to understanding the various properties
of different index nunber forrmula. Third, substitution need not only occur
bet ween products. Consuners often change the outlets at which they purchase
products. Substitution behaviour is therefore quite a pervasive phenonenon

V. Sources of bias

Upper |evel substitution bias

Nat ure of the bias

17. Upper level substitution bias is probably the best known source of bias
and perhaps the easiest to understand. It occurs because the use of the
Laspeyres fornmula to form upper |evel indices uses weights froman earlier
peri od and these may not reflect the consunption pattern which underlies the
conpari son periods. More precisely, a Laspeyres price index will be upward
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bi ased since it weights too highly those prices which have risen relatively
qui ckly. The extent of substitution bias can be determn ned by conparing the
Laspeyres index with ideal indices, such as the Fisher or Tornqvist, which
all ow for substitution by using weighting information from both periods under
consi derati on.

Di scussi on

18. The nunerous studies of upper |evel substitution bias all point to
upward bias in the Laspeyres index. Three main findings can be identified.
First, the extent of neasured bias depends on the | evel at which the
measurenent is undertaken. Both Aizcorbe and Jackman’ and Généreux® observe
that the potential for finding substitution bias increases if conparisons are
conducted at nore detailed |levels of the index. This is consistent with the
observation that substitution should be nore prevalent wi thin groups of itens
which are simlar, i.e. within el enentary aggregates rather than between
them Thus, the potential for bias at the upper level is constrained.

19. Second, the extent to which bias should be found between a Laspeyres

i ndex and a Fisher index can be determ ned by considering the nagnitude and
direction of the correlation between product price changes and the rel ated
quantity changes. Généreux found that the negative correlations that would
be expected to exist to show the price substitution effect were not
significant and i ndeed some zero and positive correlations were found.® This
suggests that price substitution effects may be difficult to separate from
ot her substitution effects such as changes in tastes and technol ogy.
Further, it can be observed that these general changes are likely to be nore
long termin nature and thus will show up as gradual changes in consunption
patterns. Généreux’'s work suggests that these general changes may be nore
significant in interpreting overall substitution behaviour

20. Bef ore continui ng, some di scussion on chained indices is required.

Over two periods the proven relationship is that a direct Laspeyres index
wi Il be higher than a Fisher index.!° Over nore than two periods, theory
suggests that a chai ned Laspeyres index which updates base period wei ghts on
an ongoi ng basis will be lower than the direct Laspeyres but higher than a
Fi sher. Chain indices work best when there is a definite negative

rel ati onship between prices and quantities and prices and quantities nove
smoot hly over time. Généreux found problens regardi ng the negative

correl ation and Szul c observed probl ens when price observati ons “bounce”

i.e. relative prices and quantities do not nove snmoothly. In such situations
a chain index can “drift” fromthe direct index result.! However, it is not
clear that the direct index should be the aimand thus drift should not be
construed as bias. Further, in practice it seens that the extent of drift

may be limted! and H Il argues that the benefits of introducing nore current
information into an index support the use of a chain index approach. '
Overall, providing suitable account is taken of the nature of the underlying

relative price and quantity changes, chain Laspeyres indices will provide a
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lower result than a direct Laspeyres index and hence a | ess biased estinate
at the upper |evel.

21. The third main finding is that the anmount of bias cannot be
convincingly linked to the frequency of updating the expenditure weights used
in the Laspeyres fornul a'® The results suggest that while chaining is
beneficial, very frequent chaining nmay not bring significant additiona
reductions in bias. The overall conclusion is that it is the gradual changes
in consunption patterns, which can be accounted for through periodic
chaining, that are nore significant in explaining bias at this level. This
is consistent with the relative lack of price substitution which will take

pl ace at the upper levels, with the significance of other, non-price,
substitution effects and with the observation that even in a frequently
updat ed chai n Laspeyres index the weights still refer to an earlier period
and therefore do not provide a symmetric index or allow for substitution®.

If frequent updating is to allow for substitution then one nust assune that
prices for those products to which consuners have directed their expenditure
in response to relative price changes will continue to show relatively | ow
price changes?®.

Possi bl e sol utions

22. Since a chai ned Laspeyres index will not solve the probl em of
substitution bias the only solution to upper |evel substitution bias is the
use of a Fisher or other ideal index. Unfortunately, there are practica

i mpedi ments, primarily a |lack of weighting data available on a tinely basis,
and generally this solution will not be possible. However, two indices have
been proposed!’ which allow estimation with only base period wei ghts but which
provide very simlar results to superlative indices. Further devel oprment in
this direction is required to mninise bias at the upper level. A parallel
suggestion fromthe Boskin Conmission, is the construction of a second CP
which is revisable and cal cul ated using a superlative index fornula'® Wile
this would not correct for substitution bias in the official CPl it may be a
useful tool for long term analysis.

23. VWhile the linmtations in chain indices have been observed it remains
the case that sonme chaining is required to allow for |onger termchanges in
consunpti on behavi our and such chaining will reduce overall substitution

bias. Froma practical point of view, work by Généreux and by Bérubé
suggests that bias can be reduced by introducing new weights in a nore tinely
fashion®. |If weight updates must be infrequent, consideration could be given
to using an average of 2-3 years of data to calculate the weights which nay
reduce the effect that a non-standard year of weights could have on an index.



CES/ AC. 49/ 1999/ 3
Page 8

El ementary aggregate bi as®

Nat ure of the bias

24. El enentary aggregate bias can arise in tw ways. First, the choice of
formula to aggregate price observations nay be biased and second, there nay
be systematic problens in the application of the fornmula when |inking price
observations. In part, the overall estimate of bias at this level is related
to the anmount of substitution within the elenentary aggregate. However, even
t hough the substitution effect may be stronger at this level, w thout data on
both prices and quantities it is necessary to place sone assunptions on the
degree of substitution in choosing the best formnula.

Choice of formula at the el enentary aggregate | evel

25. There are three principal fornula used in the estimation of elenmentary
i ndi ces. These are:

- the arithnetic nmean of price relatives (AR);
- the ratio of arithmetic nean prices (RA); and
- the geonetric nean of price relatives (GV).

26. The first observation is that if all prices nove in the sane way then
all three will give the sane result?. However, this situation is unlikely to
occur. More generally, theoretical and enpirical research has shown that the
AR fornul a has an upward bias??, a fact which seems to have been recogni sed
for sone time?®. The main problemis that price increases and decreases are
not treated symetrically, i.e. if prices rise and then return to their old
level the AR formula will give an overall change of greater than 1. The use
of this fornmula is not reconmended.

27. Conparison of the RA and GMfornulas is based on tw factors. First,
the ability of the fornula to deal with substitution and second, their
treatment of different types of price observations. Regarding substitution
the GM formul a represents Cobb-Dougl as type preferences in which expenditure
shares are assunmed to hold constant over tine. The effect of this is to
assune that the elasticity of substitution between products within the

el ementary aggregate is 1. The RA fornula assunmes Leontief preferences where
guantities are held constant over tinme, i.e. the elasticity of substitution
is 0. Neither of these nodels is likely to hold perfectly and thus the
choice of formula is dependent on the extent of substitution believed to be
i nherent in the elenmentary aggregate under consideration. However, where
substitution is deemed to occur to even a linmited extent the GM fornmul a
appears to perform better?,

28. On the treatnment of different price observations, the first point is
that the GMformula treats all price observations equally but the RA formul a
gi ves hi gher weight to high price observations?. Thus, depending on the
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spread of prices within the elenmentary aggregate, the GMfornula may be
preferred. On the other hand, the GV formula, which involves the

nmul tiplication of prices, has been shown to perform poorly when extrenme price
changes are involved (often when near zero prices are in evidence)? and is
undefi ned when zero prices exist (e.g. if the price of a governnent
subsi di sed good falls to zero)?. The GMformula woul d not be preferred in

t hese cases.

29. Two other formula can be cited. The first is the harnonic nean of
price relatives which Szul c suggests could be appropriate in cases where the
products in the elenmentary aggregate are reasonably honbgeneous in terns of
quality but where there are frequent “price wars”, discounts, etc.?® Second,
Dal én has suggested the use of a ratio of normalised mean prices which
provides results very simlar to the GM fornul a®.

30. Overall, the reduction of bias of this type nmust consider the best
formula for each el enmentary aggregate based on the degree of substitution and
the nature of the prices within the el ementary aggregate. However, residua
bias will exist for any formula since the assunptions underlying each node
are unlikely to hold exactly. The continuing devel opnment of scanner data is
a very positive step in this respect since it allows a nore precise
assessnment of the extent of substitution. |Initial scanner data studi es have
shown that substitution could be significant® inplying a preference for
formula which allow for substitution.

Practical problens and real “fornula” bias

31. The term formul a bias has been used as a synonymfor elenentary
aggregate bias and given the effect that the choice of formula has this would
seem | ogi cal. However, strict fornula bias is a nore practical issue that

ari ses when attenpting to |ink changi ng product price observations. It was
identified by Reinsdorf in the U S. CPl in 1994%. To summarise, the U S

CPl uses quantity weights at the elenmentary aggregate | evel which are
cal cul ated by dividing a base period expenditure by an observed price.

Rei nsdorf found that when new and old prices were |inked, the derived
gquantity weight, which was re-cal cul ated based on the new price, could be
wong if the new price was unusual, e.g. a sale price. The upward bias which
resulted fromthe approach was not due to the fornula as such but to the

nmet hod used for linking in new prices. The problemwas resolved by
“seasoni ng” the new prices, i.e. waiting a few nonths to see if the new price
was unusual . More recently, the problem has been resolved by the use of the
GM formula for nany el enentary aggregates which uses base period expenditures
and thus base period quantities need not be estimted. However, seasoning is
still used for some aggregates where the GMfornula is not used®.

32. VWhile this precise issue is a problemonly when wei ghting together
price observations, the nore general requirenment to link old and new prices
suggests that sone problens may be found in this area. Schultz found that
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frequent |inking of price observations had a significant effect on the
results obtained fromalternative fornula®. Sabag and Finkel, in conparing
chai ned (linked) indices and base period indices, found that generally the
choice did not lead to systematic bias although a downward bias for the chain
i ndex approach was found for the consunption group “d othing and footwear”3*,
VWi le the precise nature of any bias is difficult to deternmine, it seens that
systematic problens in applying el enentary aggregate fornula can ari se.
Therefore, careful consideration of the methods used to link old and new
prices is recommended to minimse the potential for bias within elenentary
aggr egat es.

Qual ity change bi as

Nat ure of the bias

33. The definition of and adjustnment for quality change is perhaps the nost
difficult area of price index construction. Froma practical perspective,
gual ity change involves trying to neasure price change for a product which
has exhi bited sone change in its characteristics fromthe previ ous period and
whi ch provides different levels of utility to the consuner. Recalling that
the index requires pricing of products which are of the sane quality, the aim
is to determ ne what proportion of the total price change is due to a change
in quality and what is pure price change. Quality change bias occurs when

t he nmeasurenent of the distinction between pure price change and quality
change is not correct.

34. Quality change bias is often termed Iinking bias due the nature of
sinple adjustnments for quality change which link prices for new and ol d
products. Such adjustrments |ead to bias because any absol ute change in price
level s is not reflected in the index®. However, the use of the term“linking
bi as” coul d be confusing since there are a wide variety of index nunber
situations that require linking of sone description. It is suggested that
the termquality change bias or quality adjustnent bias be used to reduce
possi bl e confusion in this area.

Di scussi on

35. Deat on presents a neat explanation of the quality change problemin
terns of the links to price and quantity but concludes that in general it is
not possible to identify a true, quality adjusted index®. Even though a true
neasure is difficult to define, quality change can be observed and adj ust nent
for it must be made. Essentially, it remains in the judgenent of the
conpiler as to whether quality adjustrment is required and whether it has been
sufficient. The extent of quality change bias is therefore also a matter of

j udgenent .

36. Overall, it is thought that nost CPl underestinate the total anount of
qual ity change and therefore have an upward bias, i.e. pure price change is
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overestimated. However, there are a nunber of instances where observed
quality has deteriorated and not allowing for this quality change would inply
a downward bias in the index. However, it should also be noted that in
assessing quality change bias it is inmportant to take account of any existing
procedures which attenpt to adjust for quality change. Thus even though

qual ity change nay be positive, if the existing adjustnent nethod
systematically overestinmates the extent of quality change the index will be
downwar d bi ased

37. The largest difficulty in defining quality change is estimating the

ef fect on consuner utility when product specifications change. Wether this
is achieved by general assessnment of the change or by using a nore detail ed
approach, sone judgenent on what represents quality change is required.
However, changes in utility will not only be due to quality changes. In a
simlar manner to the way in which not all substitution effects are price

i nduced, a consuner’s utility may change for reasons of changes in taste and
preference, anmong other things. Thus, there are likely to be a mxture of
quality change, utility change and substitution effects involved which nmakes
identifying the nature and nmagnitude of any quality change particularly
difficult. Inportantly, analysis of quality change nmust be conducted at a
very detailed |l evel since quality will vary by type of product rather than at
a nore aggregated |evel.

38. In practice, adjustnents can be nade using sinple |inking techniques,
finding a conparable product to price, excluding the changed item or
explicitly neasuring the quality change, perhaps using hedonic techniques.
The first two nethods either assunme all price change to be quality change or
all price change to be pure price change and it is clear that these sinple
nmet hods of quality adjustment can lead to bias, a point noted by a nunber of
researchers®. Wiile it seens nore likely that detailed nethods of quality
adjustnment will be | ess biased, sinple techniques may be accurate depending
on the product under consideration and the nature of the quality change.

39. It nmay be reasonable to suppose that no real bias exists in the sense
of a systematic over or understatenment of quality change but rather there is
a case of mss-neasurenent3¥. However, while the notion of systematic bias at
the aggregate level may not be justified, the potential for bias at the
detailed level is quite real. Overall, bias could exist if any positive or
negative quality change is not recognised or if, once recognised, the
adjustnment method fails to correctly adjust the index. Unfortunately no
sinmple solution exists and the only suggestion is to consider the specific
qual ity change issues for each product separately. It may be beneficial to
target those products for which quality change is believed to be significant
(e.g. conmputers) and which have a significant weight in the index.
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New products bi as®

Nat ure of the bias

40. Over tine new products appear and to the extent that the index does not
adequately all ow for these product range changes the index nay be biased.

| ssues of bias centre on the nature of the product price cycle which suggests
that new products will start out at a high price and fall rapidly in price
following their introduction. A CPl will be upward biased if the fall in
price at the start of the product’s lifecycle is not reflected in the index.
The magnitude of the bias will depend on (i) the extent of the initial price
fall; (ii) the extent to which the price change for the new product varies
fromthe price change for all other items in the index and; (iii) the weight
that needs to be attributed to the product in the index.

41. Three main issues can be identified. First, upon introduction, even

t hough prices can be observed, it may be difficult to introduce the new
product into the index due to problenms in collecting price data or in

obtai ning weights. This is sonetines nore specifically referred to as new

i ntroductions bias. Second, since no price is observed before the product is
i ntroduced, the derivation of a price change is inpossible. This can be
resol ved through use of Hi cks’' reservation price concept which observes that
just prior to introduction there nust have been a “reservation” price that
was sufficiently high to ensure that no-one purchased the item A price
change coul d be cal cul ated using the theoretical reservation price and the
actual price upon introduction.

42, Third, there are likely to be overall inprovenents in consuner utility
(consumner surpluses) which can be attributed to two factors, (i) increases in
the range of brands or types of a particular product (e.g. new brands of

tel evisions)* and (ii) the introduction of conpletely new products (e.g.
nobi | e tel ephones). The larger choice set created by either factor allows
the consumer to achieve the same |level of satisfaction at lower cost®. It is
the I ower cost which is not reflected in the index and generates an upward
bias. A general termmay be consuner surplus bias.

Di scussi on

43. There seens little doubt that the arrival of new products poses
problenms for CPl conpilers and the solution, in practical ternms, is to

i ntroduce the new products as quickly as possible. If this can be done

bef ore the expenditure wei ght for the product becones significant then the
effect of bias is mninmsed. A relevant decision in this respect concerns

t he European Harnoni sed | ndi ces of Consuner Prices (H CP) for which the
general rule is that new products should be included as soon as they achieve
a sales volunme of over 1 part per thousand of total consumer’s expenditure®.
It can al so be observed that regular revision of the weights and the CP
basket will assist in reducing the bias associated with new products.
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However, if a Laspeyres index is being used there will be residual problens
since, in a situation where the weight of the product is increasing rapidly,
the index will always understate the weight for the nost recent periods.

44, The second and third issues are closely related since the estinmation of
reservation prices was designed to neasure the consuner surplus fromthe

i ntroduction of a new product®. Thus the consumer surplus bias mentioned
above can be solved using the reservation price technique. Unfortunately, as
one m ght expect, the neasurenment of unobserved prices is difficult to say
the | east. Models have been devel oped, nost notably by Hausman and Nor dhaus,
but the range of conmodities investigated is limted*. Balk has suggested an
alternative approach using a nodified version of the constant-elasticity-of-
substitution (CES) cost function but this remains to be tested?*.

45, There are however, sonme econom sts who suggest that consumer surplus
bias is not as large as may be inmagined*. In part, its significance is
dependent on the change fromreservation price to initial narket entry price.
If this change is snmall then the resulting consunmer surplus would be small

at least for any particular product. This could occur in the case of new
brands where it could be argued that the new products act as substitutes for
exi sting goods. Al so, it has been noted that some overall offset to the
consumner surplus exists since the consuner | oss associated with the

di sappearance of products should be taken into account. However, not all new
products are close substitutes for existing products and, if one accepts the
reservation price logic and the continually increasing range of products,

there is likely to be an overall, upward consuner surplus bias of somne
magni t ude

46. There is a question of whether consunmer surplus bias is relevant to al
types of CPI. If a CPl only focuses on narket transactions, the price change

from unobserved, reservation price to initial nmarket price should be

consi dered out of scope*®. Thus new products bias may sinply be seen as a
practical problemof identifying and pricing new products on their

i ntroduction w thout the additional concern of neasuring consuner surplus.

Qutl et substitution bias

Nat ure of the bias

47. Qutlet substitution bias involves two nmain considerations. First,
there are wei ghting and scope issues involved when consuners switch their
expendi ture anong existing outlets and between existing and new outlets, and
second there are issues of quality change involved in the provision of
service by different outlets. The general effect of outlet substitution is
to lower the average price paid for a particular product since it is assuned
that consuners will nmove fromhigh to [ ower cost outlets. Upward outl et
substitution bias will occur if index conpilers do not correctly acknow edge
the shift fromhigher to lower priced outlets. The bias is usually
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associ ated with the increasi ng nunber of new, |ow cost outlets and thus is
often terned new outlet bias. But the logic of the argunents rel ates
directly to substitution between any outlets.

Di scussi on

48. In the first instance reducing this type of bias is a matter of
nonitoring where representative prices should be collected. Using this
information, two adjustnent nethods are available. The first is to link the
average price fromthe new outlet nmx to the level of the old index. Since
this method takes no account of the | ower average price it inplicitly assunes
that all of the fall in price is attributable to a quality difference between
outlets. The second nethod is to treat the whol e novenent in average prices
as price change. This result can also be achi eved by using market share
information to adjust for outlet change. These nethods assune that there are
no quality change issues invol ved.

49, There is a basic assunption that the price of a product will be higher
in those outlets which provide nore service. As well, the provision of nore
service, all other things being equal, can be seen as a quality difference
between a product sold in different outlets. The switch by consuners to

| ower cost outlets could therefore inply the consunption of an overall | ower
quality product. This logic supports the use of the first nethod descri bed
above. However, differences in price level reflect many factors (e.g.
transport costs, buying power, outlet |ocation) not only service |evels.
More inportantly, for quality change to be identified there nust also be a
change in consuner utility. |If consumers are indifferent to the varying

| evel s of service between outlets then there can be no perceived quality
change and all of the | ower average price should be treated as price change.
I f one makes the assunption that consumers do not deliberately |ower their
utility through their choice of outlet then the second nethod seens nore
applicable. The first nmethod will therefore be upward biased to the extent
that this assunption hol ds.

50. I nportantly, this conclusion holds whatever the apparent difference in
| evel of service between outlets. Oten the observation is nade that
different | evels of service for the sane product actually reflects a

di fferent product and hence outlet substitution could be seen as a new
products issue. However, this approach appears to significantly conplicate
the issues involved. Certainly fromthe point of view of price collection it
woul d nmean that the current concept of an el enentary aggregate was not
applicable and it would be necessary to separately collect sets of prices
fromsimlar types of stores for the same good. While differences in service
quality rmay be apparent, froma quality change perspective, the real issue is
the effect on consuner utility. |If this has not been reduced by switching to
a lower service outlet then no quality change can be esti nmated.
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51. Empirical studies of outlet substitution bias are rare. The nost well
known i s by Reinsdorf whose work suggested a small upward bias*. However,
the results were not statistically significant® and, after further research
Rei nsdorf concl uded that nmuch of the bias was actually due to problens in the
construction of the el enmentary aggregates, the previously discussed formul a
bi as®. Estimates for France® al so suggest a small upward bias®. Some

aut hors have suggested the possibility of applying hedonic techniques to
outl et characteristics as a nmeans of deternmining the change in consumner
utility associated with the exi stence of |ower cost outlets but, overall
further investigation into quality of service issues is required before any
concl usi ons can be drawn. Based on the theoretical discussion bias can be
mnimsed by treating the nove to a | ower average price as pure price change

52. It may be the case that the shift to large | ow cost outlets is a once
of f phenonenon and that, in general, changes in the |ocations of consuner
purchases will be small over tine thus reducing the potential for bias in the
i ndex. However, while this may be true fromthe perspective of traditiona
retail shopping, the increasing inportance of internet, telephone, hone
shopping and direct to the customer type sales nmeans that it is not a
straightforward task to nonitor all outlets through which consunmers purchase
products. |Indeed the switch fromsmaller to larger stores nay be the easiest
one to recogni se.

V. The measurenent of bias

Measur enent techni ques

53. The di scussion of the different sources of bias has indicated that in
nost cases accurate estinmation of bias is extrenely difficult. To a large
extent this is due to the inherent difficulties of measuring quality change
and the lack of data available to investigate the many | ower |evel issues
that exist. As well, it is reasonable to suggest that further devel opnent of
t he conceptual aspects may be required before significant progress in

nmeasur enent can be nmade. Nonethel ess, estimates of bias exist.

54. The basic philosophy is to identify the true index and neasure
deviation fromthis index. D ewert has provided a |ist of equations which
all ow estimation of the true indices under a COL franework® and Shapiro and
W cox al so provide a range of equations®. The nore “hands-on” approach is
estimation of the true index using a variety of different data, for exanple
on the preval ence of new products, new outlets and quality change. In
general however, enpirical studies of bias require assessnents of the
econom ¢ issues involved and sone subsequent back- of -t he-envel ope
calculations to arrive at overall estimates. Judgenents on the validity of
these different techni ques can only be based on detail ed exam nation of the
under | yi ng assunptions on a case by case basis and these are not exani ned
here. However, it is noted that different studies tend to enphasise
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di fferent sources of bias and few cover the conplete range of biases
described here. As aresult it is difficult to conpare different overal
estimates of bias. In part this is due to the range of data available for
anal ysis of the different aspects of bias which may be linmted in sonme cases.
Conpl ete nmeasurenment of bias should be recogni sed as being a very significant
and resource intensive exercise.

55. Bias is usually expressed in terns of the percentage points by which
the rate of growth in the CPl under or overestimates the rate of growth in
the true index. While bias could be expressed as the average difference in

| evel between the actual and a true index, in nost cases a true index cannot
actually be estimted as such. Thus neasurenment of bias is a conmparati ve,

ti me based, exercise which determines what the rate of growth woul d have been
if the various sources of bias had been taken into consideration

56. An inportant point to recognise is that bias can be upward or downward.
While it seenms nore likely that the CPl will overstate the rate of price
change, it is quite possible for individual sources of bias to be downward

bi ased, particularly in the area of quality change, and thus when anal ysing
bias it is inportant to renmain open-m nded about the possibilities. As well,
given the inherent uncertainties it seens that the provision of a range
rather than a point estimate of bias is nore suitable. Also related to the
uncertainties involved, it is worth noting that few countri es have attenpted
to measure bias in their CPI®, and the number of studies in the United States
is certainly exceptional. Indeed, the range of the estimates of total bias
for the U.S. points to the neasurenent difficulties involved®.

57. In passing, it is noted that a different approach to the nmeasurenent of
CPl bias been attenpt by Nordhaus and by Krueger and Siskind who have
i nvestigated the issue froman inconme perspective®,

Additivity of individual biases

58. Total bias is usually deternmined as the sumof the bias fromdifferent
sources. However, a nunber of commentators are unsure as to whet her

di fferent sources of bias can be treated as additive. The fact that the
Boski n Commi ssion treated quality change and new products as one item points
to the difficulties involved and a nunber of comentators allude to the

i nt erdependent nature of sources of bias®. However, even though separation
of each source of bias is difficult, this does not prove non-additivity.
Nonet hel ess, a | ack of independence of each source is of concern in an
overall measure. |In the event that individual estinates are nade, addition
woul d seemto be the only approach to obtaining total bias but the
difficulties should be recognised.
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Changes in bias over tine

59. Since long run analysis of price changes and inflation is required, the
guesti on of whether bias changes over tinme is inportant. As noted, bias is
expressed as a difference in growh rate and consequently, a constant rate of
bi as does not nean that the effect of bias is constant. Rather, there wll
be a cunul ative effect over time. Mninising the effect of bias therefore
requires that every effort should be nmade to reduce any neasured bias as far
as possible. It could be argued that if there is only interest in nonth to
nont h novenents the effect of bias is very snall. However, the wi despread
use of CPlI data over long periods of tine nakes bias an issue for nobst users.

60. The actual changes in bias over tine are, however, difficult to
determne. There is the theoretical suggestion that upper |evel substitution
bi as should i ncrease over tine but this has not been proven. There would
seemto be sonme support for the notion that outlet substitution bias would
vary at different points in the econonic cycle due to increases or decreases
in the enmergence of new busi nesses but no studies of this have been

conpl eted. There have been general conments that bias is counter-cyclical
i.e. lower when the econony is inproving, but again there are no studies

whi ch seemto have examined this point. There is sone work which indicates
that bias would be |ower in periods of lowinflation. However, overall
while it is not difficult to postulate that bias of any type could change
over tine and there is little reason why it should always be the sane, there
is no firmevidence to conclude how bi as changes over tine.

61. Asi de from conceptual issues, perhaps the nost inportant consideration
i s how changes in the nethods of index conpilation will affect bias.

Cunni ngham poi nts out that one m ght expect bias to fall over time as CP
conpi l ers inplement inproved nethodol ogi es® and this is certainly the
expectation fromthe range of changes to the U S. CPl in recent years.
Indeed it would be strange to reconmend suggestions to reduce bias if in fact
t hese had no influence on the problem However, since nost CPl are not

revi sed, inproved nethodology will still |leave bias in earlier periods.

Conti nued i nprovenents are nonethel ess reconmended and it is likely that over
time, as sone practical steps are introduced and as further strategies are
devel oped, the potential for bias can continue to be reduced.

O her measurenent issues

62. Three final issues are considered. The first is the extent to which
di fferent popul ation sub-groups, for exanple, the elderly or the poor, are
affected by bias in different ways. The nain areas in which this is
consi dered an issue are quality change and new products. To a |large extent
this problemis related to whether the CPI can reflect the inflation
experi ences of different sub-groups and to date the case is not clear
Again, as for changing bias over tinme, it is possible to postul ate reasons
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for bias affecting different groups in different ways but firmevidence is
difficult to find

63. Second, bias is nost likely to be higher when rates of inflation are
high. Indeed the econom cs of the issues involved are also likely to change.
Al of the analysis conpleted so far has been for devel oped economies with
relatively lowinflation levels. While the issues for CPl construction noted
here are likely to be relevant for countries with very high inflation, the
significance of issues of bias may well be different. Careful consideration
of the factors involved is required

64. Third, it is inportant to note that the index bias issues discussed
here are not constrained to the CPl. Certainly sone are reasonably specific
to the CPl but other index nunbers, such as producer price indices (PPl),
will also be subject to potential bias since the limtations of index
nunbers, data availability and neasuring quality change are very real in al
areas of the econony.

VI . Concl usi on

65. Bias is an issue of index relevance whi ch exami nes the difference

bet ween a neasured index and a true index which reflects sone expected view
of how t he index should behave. Bias focuses on the practical |ink between
t he nmet hods used for index conpilation and the econonic interpretation of
real world observations. It should be seen as inportant not because of the
possi bl e i naccuracy of the overall index but because defining the nost

rel evant index possible is a matter of inportance. The inability to
accurately neasure the extent of bias should assist in noving focus away from
overal | mneasures of bias and towards the close |inks between sources of bias
and practical choices in index construction. The overall aimtherefore
shoul d be a better neasure of price change and not sinply a reduction in

bi as.

66. Because of the difficulties in neasuring bias, general statenments on
its Iikely significance cannot be made. Further the need to anal yse issues
of bias in detail neans that significance will depend on the overal

i mportance of individual products. The general assessnents from OECD
countries made during a review in 1997 indicate that statistical offices do
not believe their CPl are significantly biased, ® however, few conprehensive
st udi es have been conducted. Perhaps nore significantly, the CECD revi ew

i ndi cated that policy makers did not think that CPlI bias was a | arge

pr obl enf?,

67. In general, an index which regularly updates weights and baskets,
considers quality change issues and allows for new products will be nore
rel evant and hence have a reduced potential for bias. However, index
conpil ers should be aware that a fixed basket, fixed weighted i ndex which
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does not allow for outlet substitution can loose its relevance if there are
rapi d changes in the range of products, the quality of products and the range
of outlets. The significance of bias nmay therefore be assessed by exam ni ng
any data whi ch nmeasure these types of changes in the econony®. Testing the
significance of upper and lower |evel substitution bias requires the

conpari son of different fornula. In the end, the significance of bias is
really a judgenent on the relevance of the index and can only be assessed on
a case by case basis.

68. VWhat ever the actual significance of bias, the existence of change in
the econony and the difficulty of measuring price change creates a clear
potential for bias in a CPlI. It is the potential for bias which should be

m ni m sed and, based on the discussion in this paper, the follow ng seemthe
nost logical steps in this direction

69. Upper |evel substitution bias: The real tinme conpilation of a Fisher or
other simlar indices requires further investigation if this bias is to be
overcome. Until then, the use of chained Laspeyres indices will reduce the
bias at this level although the benefits of annual chained Laspeyres indices
are not distinct.

70. El enentary aggregate bias: First, it is necessary to exanine the nature
of prices and the degree of substitution within each el enentary aggregate.
Then, depending on the results use of either the geonetric nmean of price
relatives fornula or the ratio of arithnetic nmean prices fornula seem
preferred. The arithmetic nean of price relatives formula should be avoi ded.
I ncreased use of scanner data would be a positive devel oprent.

71. Qual ity change bias: The potential for bias is clearly increased if no
account is taken of quality change. Froma practical perspective it is
necessary to consider where the largest quality changes are likely to occur
and to institute practices which adjust for these changes, taking care that
the adjustnent itself does not lead to bias. Further devel opnent of

techni ques for adjustnent and di scussion of possible areas of quality change
will help to reduce potential bias.

72. New products bias: The practical estimation of reservation prices is
not possible at present and nore work into accounting for consuner surplus is
requi red. However, this may only be necessary for certain CPl types. It

remains to introduce practices which identify and incorporate new products
intothe CPl in as tinmely a fashion as possible. Regular revision of baskets
and weights will reduce the potential for bias in this area although the
l[imtations of the Laspeyres index should be noted.

73. New outlets bias: In the first instance it is necessary to nonitor and
i ntroduce new outl ets and other changes in purchasing patterns. Wile
further work is needed on the nature of quality change involved in outlet
substitution, it seenms reasonable to conclude that the treatnment of the fal
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in average prices as a pure price change is the |east biased option. Methods
whi ch |ink new average prices to the old index |evel should be avoi ded.

74. There are sone distinct areas requiring future research. These include
the practical application of an upper level formula which accounts for
substitution, the devel opnent of scanner data, general investigation into
qgqual ity change and rel evant adjustnment techni ques, further consideration of

t he nmeasurenent of consuner surplus and exam nation of differences in service
| evel s between outlets. However, investigation into these areas can be
considered sinply fromthe point of view of inproving the CPl and a direct
link to reducing bias is not required. Mninising bias is a question of

mai nt ai ni ng the rel evance of the index and this should be a goal of all CP
conpi l ers.
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ANNEX

Bi bl i ogr aphy

The range of issues covered by bias neans that al nost any research into
price indices and CPl creates docunents of interest. This bibliography has
been structured to all ow easier reference to particular docunents although
nost docunents fall under the general category of “Estimation of overall bias
and critiques”. For the individual sources of bias there are a great nany
papers, particularly on quality change, which have not been cited. Docunents
marked with an asteri sk have not been read in researching this paper. Most
represent prinmary reference naterial and are noted for the information of
readers.
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END NOTES

! More formally the Advisory Conmission to Study the Consuner Price
I ndex. In Decenber 1996 this conmm ssion produced their final report to the
United States Senate Finance Committee entitled “Toward a Mre Accurate
Measure of the Cost of Living”. M chael Boskin was chairman of the
conmission and Ellen Dulberger, 2Zvi Giliches, Robert Gordon and Dale
Jorgensen were the other nenbers.

2 Most CPls are not biased in this way. Sone issues may arise when
considering the treatnment of consuner durables within a COL index franework
but these have not been assessed to the author’s know edge.

3 At the first level of index definition, questions are also raised
concerning the choice of sanpling nethodology and the choice of population
and geographic scope. Such choices are not generally considered to lead to
probl ens of bias and are not considered here but it is noted that there may
be i ssues which warrant consideration

4 This argunent nmay be seen to relate purely to the econonic approach to
sel ecting index numbers however a quick check of the basic tests enployed in
the axiomatic approach shows that the link to real world expectations of
price change and index nunbers is equally apparent. Axi omati ¢ and economc
approaches can be seen as conpl enments rather than alternatives.

5 Moul ton (1996a) pl64

6 See Hill (1997) for an explanation of the issues involved in the choice
of a synmmetric formula.

! Ai zcorbe & Jackman (1993) p29
8 Généreux (1983) p497-498
o Généreux (1983) p49s

10 Used here as an exanple of an ideal or simlar index such as a

Tor nqvi st .

1 Drift can be shown with sinple exanples, see Szulc (1983) p540-541.
See Poinat (1996) for enpirical estimation of drift for the French CPI

12 Szul ¢ (1983) p556

13 Hill (1988) p140
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14 See Généreux (1983) and Greenl ees (1997a)

5 G eenl ees (1997a) p2

16 G eenl ees (1997a) p2

1 See Moul ton (1996b) and Shapiro and W1 cox (1997)
18 Boskin, et al., (1996) p79

19 Généreux (1983) p500, Ducharnme (1997) plé6

20 Al so known as el enentary index bias and | ower |evel substitution bias.

2 Abraham G eenlees & Muulton (1998) p29
22 See for exanple Dalen (1992) or Diewert (1995)

z See Fisher’s conment quoted in Diewert (1995) p4

24 Moul ton (1993) p18

2 Schultz (1995) pi14

26 Moulton & Stewart (1997) p8

2 Australian Bureau of Statistics (1999) p26
28 Szul ¢ (1989) pl76

29 Dal en (1992) p145

30 See for exanple Silver (1995) Reinsdorf (1996)

3 See Reinsdorf (1994)
32 For nore information see Dalton, Geenlees & Stewart (1999)
B Schultz (1995) pi12

3 Sabag & Finkel (1993) pi1l

35

Di ewert (1996b) p3

36 Deat on (1998) p40
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37 See Lequiller (1997), Reinsdorf, Leigey & Stewart (1996), Schultz
(1995)

38 Fi xl er (1993) p10

39 The nore comon term is new goods bias but as this bias is equally

applicable to new goods and new services a broader term is thought to be
appropri ate.

40 See Hicks (1940)

4l Ducharme (1997) refers to this as new brands bi as.

42

Di ewert (1996a) p5

43 Eurostat (1999) pl7

a4 Moul ton (1996a) pl73

45 See Hausman (1994) and Nordhaus (1997)

46 See Bal k (1999)

4 Moul ton (1996a) pl73

48 H Il (1997) p7-8

49 See Rei nsdorf (1993)

50 Bureau of Labor Statistics (1997) p4

st Moul ton (1996a) pl66

52 Saglio (1995), Prime & Saglio (1995) and Debeaux & Saglio (1995)

53 Lequiller (1997) p40

54 See Diewert (1996b)

5° See Shapiro and W cox (1996)
56 To date overall estinates only exist for the United States, Canada, the
United Kingdom and France. For Canada and France these estimates exclude
qual ity change bias which is deemed to be inmeasurabl e.
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57

The range of estimates for the U S. is from-0.14 (Baker, 1998) to 2.5

(Darby, 1995) percentage points per year. See Multon (1996a) pl60 for a
table of results for the U S

58

59

60

61

62

63

See Nordhaus (1998) and Kreuger & Siskind (1998)

See Boskin et al. (1996) p33 and Moulton (1996a) pl73
Cunni ngham (1996) p54

OECD (1997) p9

OECD (1997) pi5

See Moulton (1996a) pl6e9 for an exanple of how this could be done in

relation to outlet substitution.



