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Introduction
The paper considers two aspects of the retail prices index (RPI) of recent
interest.

The first concerns the representativeness of the RPI, that is the extent

to which the RPI is representative of the experience of a wide range

of household types, and in particular low income households, bearing
in mind the rapid inflation in recent years. The paper discusses the main
technical principles involved, which of course are much concerned with
the weighting pattern of the index. It also gives the results of some practlca]
studies which shed light on the i issue._ K

The second aspect concerns a techmcal feature about the way the
RPI is constructed. It also involves weighting but at a much more detailed
level, that is the method of combination of price quotations at the item
level of the index, for example, the 500-800 quotations collected each
month for sugar, or a brand of petrol or a loaf of bread. This involves
first the method of stratifying the quotations and then secondly the choice
of formula for combining the quotations within each stratum. Some

recent technical developments are described which break new ground -

in an area that hitherto has received surprisingly little attention.

Representativeness of the RPI

There is considerable interest in the degree to which the RPI is repre-
sentative of a wide range of households. It is often asked whether rising
prices, especially in times of acute inflation, have affected somc groups
of houscholds more than others, for example those with low incomes
or with large families. Some recent work, together with existing data,
shed light on this. The broad conclusion is that the impact of rising prices
on different households is remarkably similar and that the RPI is repre-
sentative over a wide range. First are examined some general technical
considerations as to what might be expected. Then results of some practical
studies are discussed.




Table 7

Patterns of expenditure by income of household

Commodity or Service Weekly income of household
° . .
0.
Under £25 £26 4, £40 £40 40 £60 £60 10 £70

Food 27 23 22 19
Alcoholic drink 2 4 4 5 s 5 6 6
Tobacco 3 4 4 5 4 4 4 3
Housing 19 16 12 13 12 13 11 12
Fuel and light 9 7 7 6 6 6 5
Durable household goods 4 4 6 6 7 7 7 8
Clothing and footwear 5 7 7 8 8 7 9 9
Transport and vehicles 6 7 11 12 14 14 14 15
Miscellaneous goods 8 8 . 8 8 8 7 8 " 8

ices 9 9 "0 9 8 9 10 11

2 2 3 3 3

recording of alcoholic drink and tobacco,
Source: Family Expenditure Survey, 1976.

Servi '
Me_als out 3 . 4 4
Note: The individua] percentages do not sum 1o 109 in all cases due to founding. No adjustments have been made for under.
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The relative experience of rising prices of different household groups
compared with the movement shown by the RPI depends on: (a) the
variation in their spending patterns compared with the pattern of the
general RPI “basket” of goods and services and (b) the variation in
price increases for different groups of goods and services,

The variation in spending patterns is shown in Tables 1-3. The variation
with income is shown in Table 1 where the gradual shift as income rises
clearly emerges. Over a broad area in the middle ranges of income there
are only small and gradual differences, with the main divergence occurring
at the top and bottom of the distribution. Because of the difference in
pattern at the upper end of the range, the 34 per cent of households
whose heads have the highest incomes are omitted from the households
covered by the RPI. At the same time, at the bottom end of the scale,
where the spending pattern begins to differ materially from the general
run, low income pensioner households are also excluded from the house-
holds covered by the RPI (low income pensioner households are those
with at least three-quarters of their income coming from National In-
surance retirement or similar pensions). The expenditure patterns for
the low income pensioner households compared with households covered
by the general RPI are shown in Table 2, These indicate clearly the
greater proportion spent on food and fuel by the pensioner houscholds.
This also applies to low income households in general as can be seen in
Table 1.

Table 2

RPI weights for General Index and pensioner households (1979)
(excluding housing)

General Two-person  One-person
Index persioner pensioner
households  households  households )

Food 263 439 436 .

Alcoholic drink 88 42 20
Tobacco 50 54 31
Fuel and light 67 135 173
Household durables 73 40 42
Clothing and footwear 93 69 67
Transport and vehicles 163 58 33
Miscellaneous goods 78 85 . 88
‘Services 67 67 50
- Meals out 58 1 - 20
Total 1,000 1,000 1,000

Source: Department of Employment.
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Since it is well known that moderate differences i
little effect on index numbers,

that, apart from the household

n weights often have
these data on spending patterns suggest
s with low incomes and those at the top
end of the income range, the experience of the middle ranges of household
would be very similar and vary little from that of the general RPI. Table 3
shows the pattern of expenditure for different household types and a
similar picture emerges. Because of the relatively .moderate differences
in the pattern of expenditure weights for different groups of mocmo:o_%.
it will be necessary for there to be marked variations in the price increases
for different groups of goods and services if the price experience of the
different household groups is to vary very significantly, The differential
movement of the prices of broad groups of commodities and services
over the period 1962-78 is shown in Table 4. There is a tendency. for

Table 4
‘ Increases in retail prices 1962-78 and 1970-77

Average percentage increase per year

Jan. 1962-Jan. 1979  Jan, 1970-Jan. 1978

Food 9.5 15-4
Alcoholic drink 7-3 10-3
Tobacco 7-3 11:2
Housing 89 11-9
Fuel and light 9.1 14-0
Durable household goods 66 10-8
.Clothing and footwear 65 10-7
Transport and vehicles 8-2 13:6
Miscellaneous goods 8:4 13.0
Services 90 . 13-2
Meals out (Not available) 16-0
All items 8-5 13-1

Source: Retail Prices Index.

Note: The periods have been chosen to corres

pond as closely as
possible with those in Tables § and 6. . B

prices to move broadly together, though over this period some differences
are apparent. In particular prices of food, fuel, light and services have
risen somewhat faster than the average, while those of clothing and
footwear, durable household goods, w_ooro:n drink and tobacco have
risen less fast. In broad terms therefore it might be reasonable to, suppose
that some households could be somewhat more affected by rising prices
than others, In particular, the greater proportion of expenditure by low
income households on food and fuel suggests that prices for these house-

6

holds could have risen a little faster than Eo.mo:,onm_ experience over
the period. In individual years the variation in prices can be much greater,
with the consequent possibility of greater divergence, in the short term,
of the price experience of different households.

Results of some practical studies are now discussed. In passing, it
might be noted that in index number work, theory and actual 42»
march hand in hand in shedding light on issues and problems that arise.

Pensioner Indices
The official retail prices indices for one- and two-person pensioner house-

‘holds for the period 1962-79 are shown in Table 5 together with the

Table 5

Retail prices indices, excluding \GE.SN

General o One-person u._e?.hma.a:
index pensioner pensioner
households " households mwﬁ%&&n
Index % increase Index % increase Index vx increase
over over © over
previous previous previous
year year year
January 1962=100 .
1962 QI 100-2 100-2 wwmw -
1963 Ql 103-1 ~ 2-9 104-4 4-2 59 38
1964 Ql 104-1  1-0 105:4. 1-0 10 .
1965 Q1 108-9 4.6 1104 4.7 110-5 M.q
1966° QI 113-3  4-0 114-3 35 114-6 3
1968 QI 1203 26 Ims 3e  img a9
1968 Qi 120:2  2-6 . . 7 .
. . 5.3 129-6 56
1969 Qi 128-1 66 129-4 AR
1970 1 134-5 5.0 136.9 5-8 . 7
gl e d g
1972 Q1 157-4 7-8 . . 1555 By
1 168-7 7:2 175-3  7-9 ; :
“WWM AOM_ 190-7 13-0 199-4 13-7 199-5 13-9
1974=100 .
.__wwuwi Qi 1015 130 o1t 13-7 or-t 139
1975 Qi 123-5 21:7 121-3 20-0 121-0 Mww
T TR it S S EN S S
i 176-8 16-8 . . .
“Www m_ 194-6 10-1 197-5 103 195-8 WM
1979 Qt 211-3 86 214-9 8-8 213-4 ¢
. 8.
Annual average 84 89 8

Source: Department of Employment.
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corresponding index for general households, Details of their construction
were given in the DE Gazetse (1969) but the main difference from the
General Index is that housing costs are excluded, The reason for this
is that jt g not possible to construct a satisfactory price indicator of
these costs for a specific group of households (whereas it js possible
for all _._ocmo—.o_aux a large Proportion of the Pensioner households
receive rent or rate rebates, Another feature of the pensioner indices is
that they reflect the different types and smaller pack sizeg of some goods
bought by pensioners, The problem of a separate :ocmmzw indicator for
pensioner and other household types is discussed in the next section,

The dominant feature of the table is the close similarity between the

indices for one- and two-person pensioner _.ocuo_-o_%. nouuoo%o_w.
Many of the figures in individual Years are similarly close, though occa-
stonally divergences can arise, for example the one-person pensioner

Person pensioner index Increasing by 20 Per cent compared with 21.7

Recent Special studies by the Department of Employment also throw
-$ome light on the effect of rising prices on a wide range of houscholq
types, including those covered by the General Index, for the period
_e.uouww. These were published jn the DE Gazetse (1978, 1979). Special
price indicators were constructed, using as weights expenditure data
for different household types from the Family Expendituie Survey (FES)

and price datg from the RPI. The indicators do not have the same pre-
cision as the RPI and indeed there are substantial differences in their
construction but they give a good indication of the relative movements
in prices between the household groups. The household groups were -
analysed by whether retired or not, and by household composition and
size, occupation of household head and income,

The indicators for each year to 1977 are calculated by first revaluing
at 1970 prices the expenditure for the Year and then expressing the year's
expenditure as g percentage of the revalued expenditur, - The revaluation
was performed at the section level - about 90 categories of expenditure
corresponding to those of .the FES data used for the RpI weights, such
as gas, beef and veal, cheese, beer and cider, footwear, furniture, meals
out. The price indicator 1, for household 8roup 1 in period ¢ js defined

as;
2L Ey

li= 3 EgiPy)

1
1

The price indicators are implicit ?mmnrn..wvo index numbers, as the
index for each year (with 1970 = 100) is based on the current year's expendsi.
ture pattern. The RPI, on the other hand, is a chained Laspeyres index,

group in revaluing expenditure in that section; strictly
to have had a Separate price index appropriate to each household group
but this was not possible and s unlikely to have had much effect op the
overall price indicator for a household group,

For housing, however, special procedures were adopted because in
two major fespects the RPI section price indices were clearly inappropriate
as applying uniformly to expenditures for household groups (though
they are valid for General Index households as a whole), In the absence
of information to enable separate housing price indices to be constructed
an assumption had to be made, The procedure chosen. was to calculate
an expenditure total for housing for cach houschold

in the comparisons between diffe | y
inclusive and exclusive of houising were both calculated



The reasons why the RPI section indices could not be applied to indi-
vidual household groups were: (a) for owner-occuplers, the RPI has
since 1975 included the mortgage interest Payment net mn tax relief as
the section price index, This information is not available with sufficient
accuracy from the FES 80, for the special price indicators expenditure
was measured by an imputed rent, based on rateable value o}
this in fact was the practice with the RPI prior to 1975, and (b) rent and
rate .rebates, recejved direct by recipients from the local authorities
rather than as part of social security, are treated inthe RPl as a reduction
in the cost of rent and rates and the RPI section indices therefore reflect
the average reduction from this source. When considering the housing
costs of different household groups, the reduction in rent and rates due
to rebates varies, with the rebates directed at lower income families so
that the RPI section indices would be inappropriate. .

Over the period 1970-77 prices increased more ray
pidly than the lon
period considered earlier. Table 4 shows average annual 3283_.@”“

increases in the RPI group price indices. Prices of food, fuel and light

Table 6 .
Price indicators for types of household, 1977 (1970 = 100)

Including housing Excluding housing

- All households

wn_:.g houscholds; 8 nt
or 2 adults 252

Non-retired households: ’ 22

2 adults:
Al
250

Quarter with lowest Incomes 251 wu.w _
Quarter with highest incomes 248 242

2 adults, 1 or 2 children: :
All 249 24} '

Quarter with lowest incomes 248 246
Quarter with highest Incomes
2 ->A__._.=u. J or 4 children: - 230 M2
253 ;
Quarter with lowest incomes , nwe wum
Quarter with highest incomes 248 246
Other compositions 247 244
Households whose head of household was:
Professional, etc., employee 299 243
Clerical employee 250 242
Manual employee 247 243
Self-employed - 248 244

Source: Department of Employment,
10

and meals out increased more rapidly than average while those of tobacco,
alcoholic drink, durable household goods and clothing and footwear
increased less rapidly than average,

A summary of the price indicators for household groups for 1970-77
is shown in Table 6, What emerges clearly Is that the dispersion between
the price indicators for the different types of household is very small,
For all households the 1977 indicator (inclusive of housing) is 248
(1970x=100) and the range of values for the groups shown is 247-253,
=05 to +2 per cent, around this figure. Exclusive of housing the range
is a little wider, 242-252, or —1 to +3 per cent around an overall value
of 244. For retired households the indicator, inclusive of housing, is
252, or 2 per cent above the overall figure. Retired houscholds in this
exercise are defined as those in which over half the total income comes
from retired people. This group, ‘accounting for 21 per cent of households
in 1977, has wider coverage than that of the retail prices indices for one-
and two-person pensioner households, as described above, .

An Index with “Democratic’® Weights Compared with the General RP1

The pattern of expenditure used in the general RPI is obtained by aggre-
gating the expenditure of all index households. As explained above,
these exclude only the low income pensioner households and those with
the top 3—4 per cent of incomes. Aggregation of the expenditure of house-
holds in this way is the normal method of constructing national retail
prices index numbers, and it means that the aggregate corresponds to
the overall basket of goods and services bought by index houscholds,
Within this aggregate, expenditure of households with higher incomes
has greater weight than that of houscholds with lower incomes so that
the overall aggregate expenditure has a pattern which corresponds to
that for households above the centre of the range. As seen before from
Table 1, the pattern of expenditure changes only very gradually in the
middle ranges of income and there are only small differences in the pattern
of expenditure over a substantial span of incomes in the central areas
of distribution. The pattern for the RPI aggregate expenditure differs
only moderately from that of households with average incomes. It follows
that index numbers based on these two patterns of expenditure will differ
only slightly.

Calculations show that if the overall pattern for the RP1 were recal-
culated with equal weights to cach houschold's pattern (the so-called
‘*democratic” index), the pattern so calculated would differ only a little
from that used in the RPI, and accordingly an index based on it would
likewise differ Jittle from the RPI. Over a period from Januvary 1975 to
January 1979, calculations based on somewhat simplified procedures




show the dem ic i :
per annum mm%“ﬁﬂhnmmn Wﬂ%mﬂohnﬂ”wﬂ.d%& around O-1 per cent previous year. The RPI sections depend on the FES classifications of
should be weighted by this democratic method, B Hmﬂwhna :z.: zwo RPI  expenditure ahd many are quite narrowly defined; for nxmn:.u_o. among
correct in a narrow technical sense to say :s.ﬁ :_._ although it might be foods, bread, beef, fish, fruit. Among many :om-..ooa mon.u:onm. .3.58
expenditure on which the general RPI is based nOo battern of aggregate  is often a broader coverage, for example, furniture, BE.O\S_oSm_mE\
to that of households with incomes above the :mn_mmwsam most closely  gramophones, men’s outer clothing, men's footwear, medicines/surgical
distribution of households, in fact the differe o © of the income goods. Nevertheless, even for foods, for pricing purposes the sections
that of households with average incomes is sli nee in - this pattern from  cover a great many distinguishable articles purchased across the country.
on the index, mes Is slight, with a negligible effect 1t js necessary to select a sample of representative items within each
section for pricing each month. Relatively few items are selected for pricing
within each of the sections, usually of the order of 5-10. They are selected

General Representativeness . , . as representatives of the range of articles in the section, on the basis
: _ that it covers relatively similar goods with relatively similar rates :

T ion i |
qow”_hon“.owwmw __m. %nao.a c%”r the theoretical considerations and the
! Ical studies, that the RPI is representative of pri
. of pr
experienced by the vast majority of households, price changes

Oo.sE:n.aa: of Price Quotations for Individual Items
The remainder of thj i i i
e IS paper is concerned with a weighting problem

F .

) M«w Mwmnﬂﬂm. :_W_M to. mnoo wcoS:ozm for granulated sugar are collected

. country, from different kinds of sho d

is how these should be combined i i o this ftemr oo

v ¢ shoul to give an index for this jtem to b

mwﬂmv.n”_& W_HM_S%BS mon other items in building up the RPI. The n:onwo

re handled in two stages. First the i . ing to
1 ; R Yy are stratified (according t
region and form of retail organization) and then, within each m:.m_w:Bo

the individual quotations have to be combined by an appropriate formula. -

General Structure of the RPI

“.M,%. aMSm_“vz.MnM index since its inception in B.ogn:- form in 1962 E.a
onstructed as a Laspeyres index with annual i : i
ted 2 S al links. The weight
Mm En:wm sections into ir._or the RPI is divided are up-dated each umomw
: %“nw M _M.mowmw nﬂwﬁ»_« available information from the Family Expenditure
- 1us IS a continuous survey of households, with
) : , about
N:Nmo Moouﬂm::m households in a year supplying detailed information on
e HGQM. _Eno..o<nn a two-week period. The 95 sections define the
bas :o _M :mcomw %&omﬁ changing cost is measured by ‘the RPI from
onth. For most sections, the wej i
: . " . ghts are derived from a
single year’s FES expenditure data for the year ending in the June of the
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of price change. For example, the beef section has about seven items for

pricing, from sirloin steak down to fore ribs, and men’s -outer clothing
has about nine items from suits to jeans and overalls. The item indices
are weighted together to form the section price index, using a variety
of trade and other sources for the weights as the FES information is not
generally sufficiently detailed. The full structure of the RPI is shown in

Figure 1.

Allitems index

- I
Groiips — . Durable
(1) Food household
goods

..... _I.I._[z._”__ﬁ -

wr.%vmw:m eef Fruit Fumiture

Jtems Sirloin Brisket Canned
pears

(other than

room chair
suite

Figure 1 .

Price changes are measured in general by rccording in 200 towns or
local areas across the UK the price of the same article in the same retail
outlet at each successive date of collection (normally the Tuesday nearest
the middle of each month). It is the process of careful matching of articles
and retail outlets for pricing that is the best guarantce of an accurate
estimate of the “pure price changes”, so as to exclude any element duc
to a change in the shop sample or in the quality of the article priced.
The price quotations collected number about 150 000 each month.

13




Maintaining and improving the quality of the RPI involves keeping
the selection of shops and of items up to date. As the market develops
uojo goods evolve with the appearance of more modern designs 9.“
again, some goods disappear altogether while other completely new
goods appear. Such developments as the growing importance of uw:m.,
hose, table wine or do-it-yourself home repairs are introduced in the
RPI while items of reduced importance are dropped. There is a balance
to be struck between the desirability of increasing the number of indicators
and .:5 additional cost. Shopping patterns also change over time, and
the increasing importance of multiple retail stores, supermarkets and,
more recently, hypermarkets has been reflected in the RPI shop sample,
and in its method of compilation, as is discussed later. 2

The RPI is essentially a comparison between the current cost and
m:a base cost of a fixed basket of goods and services reflecting consumption
in the base period. In order to calculate the index the components ‘of
household expenditure are valued at current and January prices. The
n:.qg.nem_ca is obtained by multiplying the January expenditure by a
price index measuring the change in price between January and the
n.:ﬂo.sﬂ month. This procedure is followed at successive levels of aggrega-
:om in the RPL The Laspeyres index for all items is thus computed as a
weighted average of price changes rather than as a ratio of two expendi-

wﬁnw That is, the Laspeyres formula for the price change between periods
and f: .

2 PeiQor
Log=-2
o 2 PorQue
is used in the form )
Py
Lot= ot
ot M Woy P
where
PotQot
Wo=
o 22 PoyQo
1 3

and Por Qo are the price and quantity respectively of item 7 in period 0.

Stratification of Price Quotations

In the scheme for collecting price quotations, there are three main types
of sample; (a) large samples, often of 500-800 quotations, from 200 local
offices; (b) medium samples, of 75-200 quotations, some from local
offices, and some by postal enquiry, and (c) small samples of quotations
from a few firms or even a single firm or body, In a number of other
cases the price information is virtually complete, for oxmB_u_m. postage,
licence fees, gas and electricity charges.

14

In the case of the large samples, 500-800 quotations are obtained by
about 200 local unemployment benefit offices of the Department of
Employment, from up to five retailers in each town or local area. Where
possible, in each area, one of the retailers is a local cooperative society,
and another a branch of a chain store; self-service shops are also repre-
sented.

The combination of individual quotations in the past used to be a
mixture of both ratios of averages and averages of relatives, usually with
the ratios of averages at lower levels of aggregation, for example, within
towns. Since 1966, when the processing was computerized, price relatives
were combined at all the stages of aggregation. The price relatives for
towns were divided into five groups:

(a) Greater London (25 local areas)

(b) Towns with a population of 200 000 or over (26 areas)
(c) Towns with a population of 50 000-200 000 (56 areas)
(d) Towns with a population of 10 000-50 000 (46 areas)
(e) Towns with a population of under 10 000 (47 areas).

The grouping by population and the selection of the localities within
each population group were made in such a way as to give adequate
representation to different types of localities throughout the country
with some allowance for the rather lower purchasing power in the smaller
towns. The price relatives for the towns within each group were averaged
together and the price relatives for the five groups were averaged together,
with equal weights. :

. In February 1978, a new stratification scheme for the price quotations
was introduced, together with a change in the formula for combining the
quotations. Making use of data from the FES and the 1971 Census of
Distribution, the following possible stratification factors were con-
sidered:

(a) regions, either: (i) the 12 regions of the UK ; or (ii) five cells, Scotland,
Wales, Northern Ireland, Greater London and the rest of England;

(b) form of retail organization, multiples, cooperatives and ‘indepen-
dents (and possibly departmental stores for some goods);

(¢) type of shop, supermarket, non-supermarket, self-service and
counter service (and possibly departmental stores);

(d) town’s size, the four groups noted above, cxcluding Greater London.

An analysis was undertaken to assess the variability of the prices
and of the price changes with respect to these stratification factors, with
a view to selecting those factors with the greater proportion of variation
between, rather than within, the strata. The data on price levels suggested
that form of retail organization was the most important factor, and

2 : 15




UK item index

‘ 2 standard

Greater North East Northern Stalistical
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Figure 2

Organization (for example, multiples, Cooperatives or ..:anugn_o:@
within a region.. Such g stratum might be the quotations for sugar in
the North-West fegion sold by independent retailers. No information

Two Simple Formulge

A simple practical first step, given that po information on weights is
available, is to try using simple formulae wijth equal weights, It is in
fact common bractice in the absence of weighting information to use
one of two simple formulae, These are: (2) the ratio of averages, 4, =

(/n) 3 P,
(1/n) 33 Py

and (b) the average of relatives, R, =

1 P,

+2(5)
There are other, more complex, formulae but these have the practicaj
merits of convenience and simplicity of concept,

It is found that the two formulae give different answers, and R js nearly
always higher, though not necessarily by very much, An illustration of
the differences can b
differences are bigger than what would occur in practice Since they are
not based on data which has been stratified), :

The different answers require a choise to be made, It js necessary to
ask why they differ, which s preferable and whether indeed some different
formula should be used.

Starting from Laspeyres

If one starts with the Laspeyres formula ag the basis for which an estimate
is being sought, one has

.M PuQu

Lu=], = oy
o 2 PoiQu WL o
il

Py
Poy

where

PoiQu;

w\w‘\ = om——

ot 2: Py Qg +
i




Qo= Q for all i (and dropping the subscript 1)

Lo= Ao,
the ratio of averages,
_Xpe
2 po
and equating the expenditure weight Wo;= ¥ for all ¢
Lot= Ry,
the average of relatives,
1 Dt
=3 - .

If it so happened that the balance or structure of the sample of quota-
tions corresponded precisely to the structure of the universe with regard
to either quantities or expenditures in the shops then equal weights
would be entirely appropriate, using the ratio of averages in the former
case and the average of relatives in the latter.,

In practice the quantities or turnover appropriate to the shops are
unknown. They are selected on more general criteria, so as to be as
representative as possible of the required coverage, but there are practical
constraints as the voluntary cooperation of retailers to the regular col-
lection of prices is involved. For food items in the RPI, the shops are
stratified by the form of retail organization to which they belong and
this is related to turnover, and within a stratum, as food prices have a
relatively small dispersion, the alternative weighting assumptions are
equally well or poorly met; if quantities are roughly equal, so will ex-
penditures be roughly equal. . .

One can also consider the implicit weighting assumption: in the two
formulae in the light of possible consumer behaviour. It was noted above
that the ideal basis for selecting the shop sample is for it to be repre-
sentative of the base period quantities or expenditure, but this is of
necessity a matter of judgement as detailed sales data are not available.
The RPI is a chained index and having taken a sample of shops the
formula is applied to the data within each annual. link of the Laspeyres
index and chained to previous-index values. In this situation equal quantity
weights in the formula 4 would be repeated in each link, as would the
equal expenditure weights in the formula R, These amount to some-
what different assumptions about the relationship over time between
price and quantities. . . :

Equal quantity weights imply that despite possibly different rates
of price increase, the relative quantities sold remain the same, This is,
in fact, equivalent to an unchained index. Equal expenditure weights
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imply that for any increase in a relative price within a link, there will
be a compensating decrease in the relative quantity sold. Neither assump-
tion appears. particularly satisfactory in a situation of substantial varia-
tions in price changes to which consumers may to some extent be reacting.
If the sources of variation are temporary, this probably limits the scope
for the consumer to react. However, given the uncertainty it cannot be
said with confidence which of the two assumptions, of equal quantity
weights or of equal expenditure weights, is to be preferred.

The relationship between the formulae and the Laspeyres index may
be shown by deriving expressions involving the unknown quantity and
expenditure weights as follows (see Appendix 1)

Lot= Ao, 1+ C(P)C(Qo)p(Pe, Qo)

1+ C(Po)C(Qu)p(Po, Oo) )
Lo=Ro| 1+ (Y cwp (2 w, @
0¢= Roe 7 Volp| pos Wo

where C and p are respectively the coefficient of variation and the cor-
relation coefficient. They show that the extent to which either formula
can give a biased estimate of the Laspeyres index will depend on the
relationships between the actual prices and the quantities sold at those
prices and that the stratification and selection of the shops are particularly
important. They do not, however, provide any clear-cut evidence to
support the choice of one formula over the other.

This approach highlights the importance of weighting information
and the benefits to be obtained from structuring the shops and their
price quotations into strata with similar turnovers. If this is the case
the coefficients of variation of Q and W, in equations (1) and (2) tend
to be smaller and the potential for bias is reduced whichever formula
is used.

Dispersion and Negative Correlation

Before developing further the analysis of the problem an important
feature of the price data - their dispersion — needs to be discussed. One
factor giving rise to dispersion is the variation from one shop to another
in timing of the implementation of price increascs. This produces tem-
porary dispersion in the array of quotations. In addition, temporary
price cutting occurs, causing ‘the quotations for individual shops to
cbb and flow about some longer term mean or trend level. Or again,
there may be variation in the goods for which prices are collected, or
errors of observation or reporting, notwithstanding the precautions
taken to avoid these things happening. This short-term fluctuation
about the longer-term position for each shop we describe as “noise”, by
analogy with the fuzz on a radar screen.
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In addition to these zones of variation about individual shop means,

ere will be dispersion of the shop means about the overall mean. For
“reasonably homogeneous items such ag food, and especially in cells
involving cooperatives and multiples where regional pricing policies
may be pursued, the shop means will be close to the overall mean but
for less homogeneous items — men’s suits say - there wil be a wider
spread. So the dispersion can be thought of as having two’ components,
that reflecting the longer term tendency for individual shop means to
differ from the general mean and a shorter term fluctuation about the
longer term position for each shop.

This ebb and flow, or “hunting”, of prices about a trend position,

more likely.in prices currently relatively low and reductions (or relatively
smaller increases) more likely in prices currently relatively high. This
negative correlation between price changes and price levels is an observed
feature of the data which applies to many items. The correlation is hardly
ever positive, at least for long. This is perhaps not very surprising, because
a persistently positive correlation would mean that the dispersion of price
quotations would increase indefinitely,

For food items, the price .&%ﬁ&.os within an RPI item in a particular
month, as measured by the coefficient of variation, is typically 5-15
per cent and for some foods such as fresh vegetables and some meat may
be 25 per cent. For hon-food items with wider quality differences the
dispersion may be muth greater.

In practice the two formulae 4 and R, when applied to the same price
data, usually give different results. The difference is frequently significant
and usually R exceeds A. The formulae are related as follows:

A P, Py !

They are equal only if one of the coefficients of variation is zero or if the
correlation term js zero. R exceeds 4 when the correlation between the

Effects of Price Dispersion

The formulae are now considered in relation to price dispersion. The
prices Po; and Py may be written as follows:

. .ﬁo_ﬂﬁcﬂ_ + xoq)
Puy=Py(1 + xy)

which we have called “noise”, clearly involves increases in price being -

Po. The standard deviation of xo¢ is the coefficient of variation of Po.
The x4 are the corresponding valyes at time r. If the price dispersion is
due solely to quality varjation and the prices are all msnnowmm:w at the
same rate, xo¢=xy, If the price dispersion is due solely to random variation
then xo; and x4 are independent random variables,

.Hro two formulae are related in the following approximate oxv_.ﬂnmmos.
This is derived (see Appendix 1) from the gmn_wcz.a ¢xpansion by

:ow_oommzw no..zu_.axuon higher bowers, a reasonabjle assumption for
many items in practice, .

Roe 1 o xo(l + xt)
—=1-2 yXoll+x)
Aot n X 1 +xo

(dropping the .mccmo:.na )
1
~] +m > (x0%—xox;)

=1+A 3)

price dispersion of 10 ber cent (as measured by the coeflicient of variation)
leads to R, exceeding Ao, by up to I per cent.

The effects of price dispersion when using the formulae A4y, and Ro:

in both chained and unchairied indijces can now be compared, The chain
index between time 0 and time t using A4 js:

QAQH[M? Mfwu 2P P
ZP'Yp e 3Py Py

and using R js-

1 P\ 1 P2 ! P,
CRu=- 3 (1) D5 (P2 D) iy
= Z Aﬁov n Z QJV U Z Aﬁ?.v
If the dispersion of prices is similar from one period to the next, so that

the noise term for each’link of the chain is A then

CRo
— 13
CAn™ (1+4)

This En__”n»nom that the chained index based on the average of relatives
would diverge mzaomzzo_w from that based on the ratio of ‘averages,
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The chained index using the average of relatives formula would also
diverge from the unchained index using the same formula:

CRo  (1+A)
Roe — 1+A

This property of the chained average of relatives formula can be shown
to be undesirable most-easily if it is assumed that there is no trend in
prices. Suppose all the prices in all the periods are above a lower level
PL and below a higher level PH. The maximum price increase possible
by any standpoint is PH-+PL. The chained index using the ratio of
averages formula would be bounded, but the chained index using the
average of relatives formula would exceed the bound after sufficient time
periods. A similar argument would apply if there is also a price trend. It
is interesting to note in passing that the unchained index using the formula
R is less affected by noise than the chained index. The index (Rot) of
price change involving the base period pricés is affected, as seen from
equation (3), but the effect tends to disappear from the index (Rst) of the
price change between two subsequent periods: ,

R k&? Ao(1+A4)
8= —— 0
Ros Aos(1+4)

The two formulae may be compared in relation to Irving Fisher's
time reversal test (1922). This test requires that when an index js calculated
forwards and backwards in time, the result should be unity:

N An

v Tolio=1
It can be seen that the ratio of averages passes the test:
. _ 2P TP
\Aon\:ol anulmule. m.ml

whereas the average of relatives does not:

1. [P\ 1 Po
RotReo=— - — 11
ot Reo P » Bl n > 2 #
Moreover the product RoRyo is always greater than unity. except when
there is zero dispersion among the price relatives.' Using the approximate
formulae derived above .

RotReo~(1+A)2

It may be noted at this point that many types of index numbers used
in practice do not pass this test, particularly, the Laspeyres and Paasche
indices, i.e.

2P0 3P0
LotLyo= — .=
S Pe0o” P

#1
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and

. TSP RO
It is not the purpose of the paper to debate the relative merits of these
forms of index numbers where the quantity weights are available and
where other considerations apply. Nevertheless on common-sense grounds,
and other things being equal, a measure of price change at the stratum
level that does not satisfy the test would seem less attractive.

Pur NBI 2PeQe X PoQo

Difference Between R and A in Terms of Implied Weights

It is also possible to look at the difference between R and 4 by reference
to their implied weights.

The two formulae can be written:
Lo (P 1 3P
R=Z2 Amvsmm_ Ai;_v:

4o UmEP 1
T (/) S Po 2P0

In this form, the difference lies in the coefficients given to P in the
numerator; whereas in 4 they are equal, in R they are not quite equal
but represent a systematic set of considerable interest, in which quotations
with a low Py are given somewhat enhanced weight and those with.a
high Py are given somewhat reduced weight.

and

P

An initial point to note about the weights is that whether or not the
weights of individual quotations should be varied depends, as pointed
out earlier in the paper, on the balance of the sample in relation to the
universe, e.g. whether bigger outlets (which often have lower prices)
are under- or over-represented. This is a matter which it is hoped to
examine in due course (by the Department, not in this paper). In the
meantime, however, the systematic arrangement of weights so that they
are inversely proportional to prices as they happened to. be in January,
and then rearranged in successive Januaries, appears highly arbitrary in
relation to the balance of the sample, )

A major feature of the average of relatives formula js that the implied
coefficients of P, as derived above, have a systematic interaction with
the observed negative correlation of price changes and price levels. The

‘weights are systematically constrained so that, for example, greater

weight is given to quotations for which the January price is relatively

" low while at the same time it is known that such quotations are likely

to increase relatively more (and vice versa for relatively high January
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prices). In circumstances where ‘‘noise” is present, when prices temporarily

. e 7 These are:

diverge from their trend position and then return to it, the end position

on prices is, by definition, the same as at the beginning. This would not (@) The geometric mean (G)

show, however, in the case of the average of relatives formula, because, . G | A/n
as one passed January, the weights would be changed in the systematic oufp o AZ +bv
way already described and this would lead, in respect to those price A +xo

fluctuations in the noise cycle which take place after January, to a higher 1
measure of change than if the weights had been left unchanged. This 1+ 7 2 (x0%~ x2)
problem is avoided if the weights are kept constant over the noise cycle
as would be the case if the ratio of averages were used. )

It would of course be possible to reduce the negative correlation, W\H 1 \ _lm )> .5:+§V~
and hence the amount by which the average of relative exceed the ratio 4 n T4 x
of averages, if, instead of calculating the relatives in relation to the latest
January each year, they were taken back over a period of years, However
it would not be entirely eliminated and at the same time other problems
would be introduced, for example, how to justify assessing the change L
in prices since the latest January as the ratio of two movements from V. mwxn\.. 1+.1 3 (xo2—x2)
a more distant year. Another way to reduce the noise in the base period - . A 2n ,
would wouS take :W mSB_m% vn_m_nom o.<o_~.~ a year mﬂaomn of u”n”__o m_.sw__m It may be concluded from these ‘approximations that: (i) G and vHR
point in January, This would still mean however that the weights wou . . . )
have the m«msoﬂﬂao feature alrea dy described. The question of weighting are approximately equal and, provided the dispersions at the two times

for individual shops needs investigation. . be a sustained differ

(b) The harmonic mean of the price relatives (H)

1
1 = > (xe2—~ xox;)

(¢) The geometric mean of A and R

arc roughly equal, differ by little from A. It is unlikely that there would
ence in the dispersions, though short-term variations
& would occur, and (ii) if the cross-product term Yxox, is less than the
. . ) " variance term > x02, which is likely to be the case, especially whdre the
Formulae Other than A and R . ’ dispersions xo and x; are comparable, (though on occasion A may be
This paper has focused attention on the average of relatives and larger), H will usually be less than A4,

.ratio of averages formulae because they arise naturally out of the Las. v

peyres form of index number, they are commonly used, they are relatively
simple to understand and are ¢asy to compute. There are however other
possible formulae, In particular the geometric mean (G) of price relatives
(or the ratio of the geometric means of the prices) is sometimes used by

Table 7 gives the index numbers calculated by the five different
formulae for a selection of RPI items typical of those with large samples
of pricc quotations. The table confirms the expected results and for
these items the average of relatives (R) is always the largest and the

‘harmonic mean of relatives (H) always the smallest. The geometric

index comp ilers. - . ; ) mean and +/HR are almost identical and neither differ much from A,
Consideration of the Paasche and Fisher - forms of index rnumber Since G and v HR are more cumbersome to compute,

yields two further possibilities, the harmonic mean (H) of the price used, and are lesg comprehens

relatives and the geometric mean (VHR) of the mean and harmonic concentrated on the cho

mean of the price relatives. The derivation of these formulae and their the prices used in compiling Table 7 wer

relation to the Paasche and Fisher indices is given in Appendix 1. of prices and were not stratified. T
The behaviour of these formulae can be considered in the situation MMMMMMH.@ the dispersions and  therefore the d

of price dispersion in a similar manner to that developed above for A - . :

" and R. Approximate relationships between each and the ratio of averages Another Consideration

(A) can be derived using MacLaurin’s expansion and ignoring terms in An important copsi derat

x (the relative price dispersion) in powers of 3 or greater,
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Table 7
Comparison of item indices based on alternative formulae January 1974 (January 1973= 100)

Formula Flour Instant  Ppork Large Standard  Bread Nz Beef

coffee sausages eggs eggs. . butter sirloin
—_—

1. Average of relatives (R 133-02  110-78 11807  218.07 235-25 127-00  95.98 10674
2. Ratio of averages (4) 131-78 11057 117-62  214.96 233-34 126:76  95.62 105-88
3. Geometric mean (G) 131-56 110-36 117-59 216-43 234-14 126-79 95-64 105-76
.4. Geometric mean of Rand H (vEHR) 131 -58 110-37 117-59  216:43 23413 126:79  95.64 105-78
5. Harmonic mean of relatives (1) 130-16 109-96 117-07 214-69 23301 126-57 95-30 104-82

|

Source: Sample of price data collected for the RPI.
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acceptable to the general public. This acceptability applies not only to
the “all items” index but also to the individual item indices, Whilst for
many items such as men’s suits, where prices reflect substantial variations
in quality, the concept of an average price has little meaning, -for others
such as sugar there is a general interest in the average price (per pound).
It is not unreasonable to expect the change in prices as measured by the
item indices to be consistent with the changes in these average prices.

The Department publishes average prices for a selection of food items
and it is desirable from a presentational point of view that the price
indices for these items should be consistent with the average prices over
time, especially in the longer term. From the foregoing analysis of the
behaviour of the two formulae it is clear that if the average of relatives
formula is used to construct stratum indices within a chain-linked item
index then the resultant index is likely to move progressively above the
average price over a number of links. The use of the ratio of averages
formula for constructing stratum indices would. produce an item index
that would move closely in line with the average price in both the short
and long term. '

One reason why average prices are avoided in the compilation of
price indices is the possibility that the sample of prices collected in the
current period may not cover the same quantity/quality mix of goods
as covered by the base period sample. This problem can be avoided in
calculating stratum indices by ensuring that the ratio is formed from
“matched” average prices. That is, the current prices are taken from
the same shops and for the identical items as in the base period; if a
particular price quotation is not obtained in one month the corresponding
price is removed from the base period average. All the prices obtained
can nevertheless be used to calculate the average price for any item in
a particular month and accordingly slight differences might occasionally
occur between movements in these averages and the item indices.

Choice Between the Formulae A and R

To summarize the arguments so far, which have related essentially to
relatively homogeneous items, the dominant factor is the negative cor-
relation, that is, for many items; relatively low prices in the base period
are associated with above average price rises and relatively high prices
are associated with below average price rises. The effect of this negative
correlation between price levels and price changes on the two commonly
used formulae, the average of relative prices (R) and the ratio of average
prices (A), is that R exceeds A. Empirical evidence suggests that this is
usually the case in practice, It has been shown that a chained index

based on the average of relatives would diverge upwards indefinitely
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from an index based on the ratio of averagé prices. This clearly is an
undesirable feature of R. Other aspects of the two formulae and their
behaviour which have been examined are generally less conclusive but
are not inconsistent with a preference for A rather than R, nor do other
formulae offer advantages over A, There is the further advantage that
the ratio of averages formula provides item indices consistent with the
long run movements in average prices.

Consideration of Less Homogeneous Items

. The case of less homogeneous items is now considered, that is where
there are two sources of dispersion of prices. The first source is the “noise”
discussed in the previous sections. The second source is a longer term
tendency for a quotation from a’ particular outlet to be higher (or lower)
than the stratum mean because for example, either the outlet sells the
same article but consistently at relatively high or low prices or because
the quality of the article covered by the quote is above or below average
(the specification of some of the items for which quotations are obtained
is decided locally). The price Poyy is considered to have three components:

Poig=Po..4(Pot.~Py..)+ (Poyy— Por.)
=Po..(1+yor+ eors)

The variation of Pgy about the stratum mean is expressed as the random
variation within a group of closely related quotations about a common
subsidiary mean Py;. (resulting in the term eoy;) and the variation of the
means Po;. about the stratum mean (the terms yg). The previously
derived relationship between the two formulae R and A becomes, in cases
where the price dispersion is not too large and the approximation
justified:

R 1 1 1
ia 1 +=l 2 (o’ —yorpu)+ — 3 — 2 (o5 — eoysersy)
v

ny ' n,
. With closely defined items such as sugar, there is no “quality” variation
and the stratification removes much of the persistent variation of price
level between outlets so that the term in the e’s dominates the term in
the p’s. The cross product term (eotserts) tends to be small relative to
the term eoy2 and the expression. is similar to that in xo; discussed in
the previous section. Where prices are dispersed because of quality
variation, both the terms are likely to be significant. The cross product
term yoryy, though substantial and positive, will not usually entirely
offset the term yy2, and the expression involving noise will also be
present.

28 '

Thus in the case of these less homogeneous items in as far as noise
is present the ratio of average formula A is still to be preferred. As regards
other sources of price dispersion the average of relatives R has traditionally
been used to prevent a few high prices from dominating the index; in a
given sample or stratum A gives a higher weight than R to changes in
the higher prices. However the disadvantages of R cannot be ignored in
this situation, A

This aspect of the problem requires further examination; it is however,
a problem of stratification rather than a question of formula. If the
major sources of price variation can be identified and a suitable stratifica-
tion scheme drawn up then, providing approximate strata weights can
be found, the strata indices can be computed using A. Alternatively it
may be possible to ensure that the sample of price quotations is appro-
priately balanced and approximately self weighting. In this way the
likelihood of A over weighting changes in the higher prices is reduced.

Application to the RPI

The methods by which the RPI item indices have been compiled in the
past grew largely out of a series of decisions taken by the Technical Working
Party of the RPI Advisory Committee. Over the period of the index both
the ratio of averages and the average of relatives formulae have been
used. The ratio of averages was used to compile town price indices until
the work was computerized and separate price relatives were calculated

-for each shop. Until recent years the differences between the formulae

were of little significance; prices were relatively stable with fewer and
smaller price increases. However, with more rapid rates of inflation the
difference between the two has become noticeable for some items.

Studies by the Department in carly 1977 rcvealed opportunitics for
improving the method of construction of the individual item indices
by taking advantage of the accumulated experience of the previous
system and by making use of certain information that had become avail-
able from the Census of Distribution and from the Family Expenditure
Survey. The development in grading and branding of products had also
made it possible to obtain prices for closely defined items.

In the autumn of 1977 the RPI Advisory Committee agreed that the
stratification of price quotations by form of retail organization and
geographical region, for which weighting information could be obtained
‘(from the above sources), would yield more reliable estimates of price
changes than hitherto. They also agreed, on the basis of arguments
presented in this paper, that the ratio of averages formula should be
used in the case of homogeneous items to combine the price quotations
within the new strata. The Committee recognized that the arguments in
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favour of the ratio of averages formulae also applied in the case of non-

homogeneous jtems but felt that other considerations were important

in these cases and further investigations were necessary.

The effect of the changes on the index has been calculated for the.

period January 1975 to January 1977, Over that period the “all items™
index calculated on the old method increased by 43.7 per cent, If the

geneous items to which it is now applied the increase in the “all items”
index would have been 43-3 per cent. Thus the effect on the “all items”
index is small, though there are larger effects on individual item indices.
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" Appendix 1 Derivation of Formulze
(a) The Laspeyres Index

M PyQo; Py -
=1 = —_—
Loe= 21 PotQuat ;.M,. E\EANVE
i
where
" PotQot
§ = ..
o 2 PoiQot
)

Using the standard result that

m T xy=%5[1+ Cx)C()p(x, )]
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where C and p are the coefficient of variation and correlation coefficient,
respectively, Lo, may be expressed in terms of the ratio of averages
formula Ag,:
Loy £ Q0 1+ C(PYC(Q0)p(Ps; Qo) _Aull +C(PYC(Qo)p(P:, Q)]
R0 T+ CPOC(00p(Pr, G~ 15 C(Po)C(Qop(Po, Oo)

Lo may also be expressed in terms of the average of relatives formula

Roe: ~
P, Py Py Py
.N“Om”M VV\Q m "3%@ m.u Ml_ln.ﬂwﬁ\cvﬁ MVB :\Ouwo
P, Py
= Ros ._+Q.Q\w\evﬁ m P E\P.m
(b) The Paasche Index
pX PyQu 1

=.3 —
Sor= 2 PuQu 3, Wu(PolPy)
i i

Similarly, the Paasche index is related to the ratio of averages formula:

Sopes Aoe[1+ QA?VQA@{A?. Qo)
¥ETTT C(Po)C(Qe)p(Po, 1)

and to the harmonic mean of relatives formula, Hy, where .-

Hor= ot

25 (Po/Py)
Hog
1+C( N\nvﬁ,ﬁﬁo\\#vbm W, PolPy)

Sor=

(c) The Fisher Index
" . Foe=+/LoiSos
may be related to the ratio of averages formula:

1+ C(P)C(Qo)p(Pe, Qo) 1+ C(PYC(Qup(P, Qo)}] 112
For= Ao, X

1+ C(PO)C(Q)p(Po, G) ™ T+ ClBayCy 0)p(Po, Q1)
It may be related to the two formulae R and H:

v ER [ L COPOC(PYPo)o(Wo, PPyy] 112
For=+/HR i+ C(W)C(Po/Pyp(Wh, Po/Py)
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(d) Relationships >._=o=w the Formulae A, R, G H
(i) Aand R

R () ) ()
where v

Py=Py(1 4 x))

Po= Po(1 + xp) ‘
Rewriting the standard result used above as:

mmz\um\ Tﬁm z AwmlNXFHi

woafoot e (2aes)

_ A o xo(t+x)
lkAu.*..mMM 1+x0 v

therefore

R_ 1 o xo(l+x)
N..._ mM. 1+4x0

() Aand H

Po
7=/ (5)
Similarly to (i) above:

3P H _ xi(14+x0)
-1 = ~1 2o 2R T X0
A B2 N&. ~+:\~ p> 14 x¢

therefore

m: _a,c.ia
MIH AHIMMU _+an

(iii) 4 and @

PR Py 1 x)\Un 1+ 2x¢\ Un
QIAHHMV Py Anu+.§v IAA:_+§V.
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