22 THE TREATMENT OF SEASONAL PRODUCTS

I ntroduction

22.1 The existence of seasonal commodities poses sgmiEcant challenges for price
statisticiansSeasonal commoditiese commodities which are either: (a) not avadablthe
marketplace during certain seasons of the yedh)are available throughout the year, but
there are regular fluctuations in prices or quastithat are synchronized with the season or
the time of the yedrA commodity that satisfies (a) is termedteongly seasonal commodity
whereas a commodity that satisfies (b) is callaskakly seasonal commodityis strongly
seasonal commodities that create the biggest prabier price statisticians in the context of
producing a monthly or quarterly consumer priceem{CPI) because if a commodity price is
available in only one of the two months (or quatdreing compared, then obviously it is not
possible to calculate a relative price for the cardity and traditional bilateral index number
theory breaks down. In other words, if a commoditgresent in one month but not the next,
how can the month-to-month amount of price changé¢hiat commodity be computeda

this chapter, a solution to this problem is preseénthich “works”, even if the commodities
consumed are entirely different for each montthefyear

22.2 There are two main sources of seasonal fluctuatropsces and quantities: (a)
climate, and (b) custofin the first category, fluctuations in temperatymeecipitation and
hours of daylight cause fluctuations in the demansupply for many commodities; for
example, summer versus winter clothing, the denfiankight and heat, holidays, etc. With
respect to custom and convention as a cause afrsddhictuations, consider the following

guotation:
Conventional seasons have many origins—anciemnfioelk observances, folk customs, fashions,
business practices, statute law... Many of the cotimeal seasons have considerable effects on
economic behaviour. We can count on active retajiry before Christmas, on the Thanksgiving
demand for turkeys, on the first of July demandfif@works, on the preparations for June weddings,
on heavy dividend and interest payments at thenb@gj of each quarter, on an increase in
bankruptcies in January, and so on (Mitchell (1§2237)).

22.3 Examples of important seasonal commodities areyrf@od items; alcoholic
beverages; many clothing and footwear items; wéaieating oil; electricity; flowers and

! This classification of seasonal commodities cqroesls to Balk’s narrow and wide sense
seasonal commodities; see Balk (1980a, p. 7; 1980k.0; 1980c, p. 68). Diewert (1998Db,
p. 457) used the terms type 1 and type 2 seaspnalit

2 Victor Zarnowitz (1961, p. 238) was perhaps tist fio note the importance of this
problem: “But the main problem introduced by thassmnal change is precisely that the
market basket is different in the consecutive meiileasons), not only in weights but
presumably often also in its very composition bynomodities. This is a general and complex
problem which will have to be dealt with separatayater stages of our analysis.

® The same commodities must, however, reappeangsetfor each separate month.

4This classification dates back to Wesley C. Mitt(E927, p. 236) at least: “Two types of
seasons produce annually recurring variations ameaic activity — those which are due to
climates and those which are due to conventions”.



garden supplies; vehicle purchases; vehicle operathany entertainment and recreation
expenditures; books; insurance expenditures; wgdekpenditures; recreational equipment;
toys and games; software; air travel and tourispeegitures. For a “typical” country,
seasonal expenditures will often amount to oné-fiftone-third of all consumer
expenditures.

22.4  In the context of producing a monthly or quarteZi|, it must be recognized that
there is no completely satisfactory way of dealiitp strongly seasonal commaodities. If a
commodity is present in one month but missing ftbemmarketplace in the next month, then
none of the index number theories that were consitim Chapters 15 to 20 can be applied
because all these theories assumed that the dionafisy of the commodity space was
constant for the two periods being compared. Howefszeeasonal commaodities are present
in the market during each season, then, in the@gitional index number theory can be
applied in order to construct month-to-month orrtgrato-quarter price indices. This
“traditional” approach to the treatment of seas@omhmodities will be followed in
paragraphs 22.78 to 22.90. The reason why thigbktfarward approach is deferred to the
end of the chapter is twofold:
« The approach that restricts the index to commalithat are present in every period
often does not work well in the sense that systenédses can occur.
* The approach is not fully representative; i.edoés not make use of information on
commodities that are not present in every montuarrter.

22.5 Inthe next section, a modified version of Turve{@879) artificial data set is
introduced. This data set will be used in ordezvaluate numerically all the index number
formulae suggested in this chapter. It will be siegparagraphs 22.63 to 22.77 that very large
seasonal fluctuations in volumes, combined withespatic seasonal changes in price, can
make month-to-month or quarter-to-quarter pricedesl behave rather poorly.

22.6 Even though existing index number theory cannot sigt#sfactorily with seasonal
commodities in the context of constructing month¥tonth indices of consumer prices, it can
deal satisfactorily with seasonal commodities & tbcus is changed from month-to-month
CPlIs to CPIs that compare the prices of one moiritihtive prices of theamemonth in a
previous year. Thus, in paragraphs 22.16 to 23&dr-over-year monthly CPls are studied.
Turvey’s seasonal data set is used to evaluateetiermance of these indices and they are
found to perform quite well.

22.7 In paragraphs 22.35 to 22.44, the year-over-yeantimhpindices defined in
paragraphs 23.16 to 23.34 are aggregated intorarahimdex that compares all the monthly
prices in a given calendar year with the correspanchonthly prices in a base year. In
paragraphs 22.45 to 22.54, this idea of compahegtices of a current calendar year with
the corresponding prices in a base year is extettdadnual indices that compare the prices
of the last 12 months with the corresponding prindgbe 12 months of a base year. The
resultingrolling year indicescan be regarded as seasonally adjusted priceemdite
modified Turvey data set is used to test out tlyese-over-year indices, and they are found
to work very well on this data set.

® Alterman, Diewert and Feenstra (1999, p. 151) otlmat over the 40 months between
September 1993 and December 1996, somewhere beR8eerd 40 per cent of United
States imports and exports exhibited seasonalti@argin quantities, whereas only about 5
per cent of United States export and import prexdsbited seasonal fluctuations.



22.8 The rolling year indices can provide an accuratgggaof the movement of prices in
the current rolling year compared to the base ydas measure of price inflation can,
however, be regarded as a measure of inflation f@ar that is centered around a month six
months prior to the last month in the current ngjlyear. Hence for some policy purposes,
this type of index is not as useful as an index ¢banpares the prices of the current month to
the previous month, so that more up-to-date inféionaon the movement of prices can be
obtained. In paragraphs 22.55 to 22.62, it willerélveless be shown that under certain
conditions, the year-over-year monthly index fae turrent month, along with the year-over-
year monthly index for last month, can successfoitgdict or forecast a rolling year index
that is centered around the current month.

22.9 The year-over-year indices defined in paragraphs@® 22.34, and their annual
averages studied in paragraphs 22.35 to 22.54, atteeoretically satisfactory method for
dealing with strongly seasonal commaodities; i.emmodities that are available only during
certain seasons of the year. These methods rdlyeoyear-over-year comparison of prices
and hence cannot be used in the month-to-monthanter-to-quarter type of index, which is
typically the main focus of a consumer price progree. Thus there is a need for another
type of index, which may not have very strong tledioal foundations, but which can deal
with seasonal commaodities in the context of prodg@ month-to-month index. In
paragraphs 22.63 to 22.77, such an index is intedland it is implemented using the
artificial data set for the commodities that araitable during each month of the year.
Unfortunately, because of the seasonality in boitep and quantities of the always available
commodities, this type of index can be systemdyidahsed. This bias shows up for the
modified Turvey data set.

22.10 Since many CPIs are month-to-month indices thabuseal basket quantity weights
this type of index is studied in paragraphs 220782.84. For months when the commodity is
not available in the marketplace, the last avaéatice is carried forward and used in the
index. In paragraphs 22.85 and 22.86, an annualtiqpdasket is again used but instead of
carrying forward the prices of seasonally unavédatems, an imputation method is used to
fill in the missing prices. The annual basket typices defined in paragraphs 22.78 to 22.84
are implemented using the artificial data set. Wmiwately, the empirical results are not
satisfactory in that the indices show tremendoasaeal fluctuations in prices, so they

would not be suitable for users who wanted up-te-d#ormation on trends general

inflation.

22.11 In paragraphs 22.87 to 22.90, the artificial datasused in order to evaluate another
type of month-to-month index that is frequently gested in the literature on how to deal
with seasonal commaodities; namely Bean and Stine Type (@924) orRothwell(1958)

index. Again, this index does not get rid of trentendous seasonal fluctuations that are
present in the modified Turvey data set.

22.12 Paragraphs 22.78 to 22.84 show that the annuaébggle indices with carry forward
of missing prices or imputation of missing pricesrmt get rid of seasonal fluctuations in
prices. However, in paragraphs 22.91 to 22.96,shiown how seasonally adjusted versions
of these annual basket indices can be used sucltgssfforecast rolling year indices that

are centered on the current month. In additionréisalts show how these annual basket type
indices can be seasonally adjusted (using infoomaibtained from rolling year indices from



prior periods or by using traditional seasonal smjent procedures), and hence these
seasonally adjusted annual basket indices coulsée as successful indicators of general
inflation on a timely basis.

22.13 Paragraph 23.97 outlines some conclusions.

A seasonal commodity data set

22.14 ltis useful to illustrate the index number fornaildefined in subsequent sections by
computing them for an actual data set. Turvey (1@d8structed an artificial data set for five
seasonal commodities (apples, peaches, grapesbstrées and oranges) for four years by
month so that there arexs4 x 12 = 240 observations in all. At certain timegshaf year,
peaches and strawberries (commodities 2 and 4)rereailable, so in Tables 22.1 and 22.2
the prices and quantities for these two commodétiesentered as zerd$he data in Tables
22.1 and 22.2 are essentially the same as theseiat@nstructed by Turvey except that a
number of adjustments have been made to it in dodilustrate various points. The two
most important adjustments are:

e The data for commodity 3 (grapes) have been adjssi¢hat the annual Laspeyres
and Paasche indices (defined in paragraphs 22 35.4d) would differ more than in
the original data sét.

» After the above adjustments were made, each priteei last year of data was
escalated by the monthly inflation factor 1.008hs&t month-to-month inflation for
the last year of data would be at an approximatethip rate of 1.6 per cent
compared to about 0.8 per cent per month for tisetfiree years of data.

Table 22.1 An artificial seasonal data set: Prices

Yeart Month m plt,m pzt,m pst,m p4t,m pst,m
197( 1 1.14 0 2.4¢ 0 1.3C
2 1.17 0 2.7¢ 0 1.2¢
3 1.17 0 5.07 0 1.21
4 1.4C 0 5.0C 0 1.22
5 1.64 0 4.9¢ 5.1: 1.2¢
6 1.7¢ 3.1t 4.7¢ 3.4¢ 1.3<

® The corresponding prices are not necessarilyleéguro (the commodities may be offered
for sale at certain prices but there are no puerisaat those prices), but they are entered as
zeros for convenience in programming the variodses.

" After the first year, the price data for grapes haen adjusted downward by 30 per cent
each year and the corresponding volume has beastadjupward by 40 per cent each year.
In addition, the quantity of oranges (commodityd)November 1971 has been changed
from 3,548 to 8,548 so that the seasonal patteahafge for this commaodity is similar to
that of other years. For similar reasons, the pfaaranges in December 1970 has been
changed from 1.31 to 1.41 and in January 1971 ft@% to 1.45.

& Pierre Duguay of the Bank of Canada, while comimgntn a preliminary version of this
chapter, observed that rolling year indices woultlre able to detect tmeagnitudeof
systematic changes in the month-to-month inflatade. The original Turvey data set was
roughly consistent with a month-to-month inflati@te of 0.8 per cent per month; i.e., prices
grew roughly at the rate of 1.008 each month dverfour years of data. This second major
adjustment of the Turvey data was introduced tsithte Duguay’s observation, which is
quite correct: the centred rolling year indiceskpip the correct magnitude of the new
inflation rate only after a lag of half a year or $hey do, however, quickly pick up the
direction of change in the inflation rate.



7 1.8¢ 2.5 3.4¢ 3.217 1.4t
8 1.92 1.7¢ 2.01 0 1.5¢
9 1.3¢ 1.7 1.42 0 1.57
1C 1.1C 1.94 1.3¢ 0 1.61
11 1.0¢ 0 1.7t 0 1.5¢
12 1.1C 0 2.0z 0 1.41
1971 1 1.2t 0 2.1t 0 1.4t
2 1.3€ 0 2.5t 0 1.3¢
3 1.3¢ 0 4.2z 0 1.37
4 1.57 0 4.3¢ 0 1.44
5 1.71 0 418 5.6¢ 1.51
6 1.8¢ 3.71 4.0¢ 3.7z 1.5¢€
7 1.94 2.8t 2.61 3.7¢ 1.6€
8 2.0z 1.9¢ 1.7¢ 0 1.74
9 1.5t 1.8C 1.2¢ 0 1.7¢
1C 1.3 1.9t 1.2¢ 0 1.77
11 1.3 0 1.62 0 1.7¢
12 1.3C 0 1.81 0 1.5C
1972 1 1.45 0 1.8¢ 0 1.5¢€
2 1.5 0 2.3¢ 0 1.5
3 1.5¢ 0 3.5¢ 0 1.5t
4 1.7¢ 0 3.9C 0 1.62
5 1.8¢ 0 3.5¢€ 6.21 1.7C
6 1.9¢ 4.6¢ 3.51 3.9¢ 1.7¢
7 2.07 3.3 2.7¢ 4.3C 1.8¢
8 2.1z 2.2¢ 1.6 0 1.91
9 1.7¢ 1.9C 1.1¢ 0 1.92
1C 1.5¢ 1.9 1.1t 0 1.9t
11 1.5¢ 0 1.4¢ 0 1.94
12 1.4¢ 0 1.7 0 1.64
197¢ 1 1.6¢ 0 1.62 0 1.6¢
2 1.82 0 2.1¢€ 0 1.6¢
3 1.8¢ 0 3.0z 0 1.74
4 2.0C 0 3.4t 0 1.91
5 2.14 0 3.0¢ 7.17 2.0c
6 2.2 6.4(C 3.07 4.5¢% 2.1:
7 2.3t 4.31 2.41 5.1¢ 2.2z
8 2.4C 2.9¢ 1.4¢ 0 2.2¢€
9 2.0¢ 2.21 1.0¢ 0 2.2z
1C 2.0 2.1¢ 1.0¢ 0 2.31
11 2.0t 0 1.3¢€ 0 2.3¢
12 1.90 0 1.57 0 1.97
Table 22.2 An artificial seasonal data set: Quigstit
Year t M Onth m qlt,m qzt,m q3t,m q4t,m q5t,m
197( 1 308¢ 0 82 0 1026¢
2 376¢ 0 35 0 965¢
3 436: 0 9 0 794(
4 4847 0 8 0 511C



5 443¢ 0 26 70C 408¢
6 5322 91 75 270¢ 3362
7 416~ 49¢ 82 197( 339¢
8 322¢ 6504 149(C 0 240¢
9 402t 492¢ 2931 0 248¢
1C 5784 86¢ 282¢ 0 3222
11 694¢ 0 129( 0 695¢
12 392¢ 0 33¢ 0 976
1971 1 341¢ 0 11¢ 0 1088¢
2 4127 0 45 0 1031«
3 4771 0 14 0 8797
4 529( 0 11 0 559(
5 498¢ 0 74 80¢ 437
6 586¢ 98 112 316¢ 3681
7 4671 54¢ 132 215¢ 374¢
8 3534 6964 221¢ 0 264¢
9 450¢ 537( 422¢ 0 272¢
1C 629¢ 932 417¢ 0 347
11 7752 0 1831 0 854¢
12 428~ 0 49¢€ 0 1072
1972 1 374z 0 172 0 1156¢
2 451¢ 0 67 0 1099:¢
3 513¢ 0 22 0 9621
4 573¢ 0 16 0 6063
5 549¢ 0 137 931 462¢
6 642( 104 171 364 397(
7 5157 604 20z 253¢ 407¢
8 3881 737¢ 326¢ 0 288¢
9 4917 583¢ 6111 0 2957
1C 6872 100¢ 5964 0 375¢
11 849( 0 282¢ 0 823¢
12 5211 0 731 0 1182
197¢ 1 4051 0 25( 0 1220¢
2 490¢ 0 10z 0 1168
3 5561 0 30 0 1043¢
4 6252 0 25 0 659:
5 6101 0 22( 103¢ 492¢
6 702¢ 111 252 408¢ 4307
7 5671 65< 26¢ 2871 441¢
8 418 785¢ 481z 0 316¢
9 544¢ 6291 880¢ 0 3211
1C 7371 107:¢ 877¢ 0 4007
11 928: 0 4511 0 883¢
12 4955 0 1073 0 12558

22.15 Ralph Turvey sent his artificial data set to stet#d agencies around the world,
asking them to use their normal techniques to cocsimonthly and annual average price
indices. About 20 countries replied, and Turvey7@,%. 13) summarized the responses as
follows: “It will be seen that the monthly indicdssplay very large differences, e.g., a range



of 129.12 -169.50 in June, while the range of sevginual means is much smaller. It will
also be seen that the indices vary as to the peaitor year.”

The above (modified) data are used to test oubuarindex number formulae in subsequent
sections.

Y ear -over -year monthly indices

22.16 It can be seen that the existence of seasonal cdimesothat are present in the
marketplace in one month but not the next causeadhuracy of a month-to-month index to
fall.? A way of dealing with these strongly seasonal cawlities is to change the focus from
short-term month-to-month price indices and instieads on making year-over-year price
comparisons for each month of the year. In thedaytpe of comparison, there is a good
chance that seasonal commodities that appearnnsigpruary will also appear in subsequent
Februarys so that the overlap of commodities valhtaximized in these year-over-year
monthly indices.

22.17 For over a century, it has been recognized thaingalear-over-year comparisdhs
provides the simplest method for making comparigbasare free from the contaminating

effects of seasonal fluctuations. According to \Wantey Jevons (1884, p. 3):
In the daily market reports, and other statistmailications, we continually find comparisons betwe
numbers referring to the week, month, or otherspafthe year, and those for the corresponding part
of a previous year. The comparison is given in Way in order to avoid any variation due to thegtim
of the year. And it is obvious to everyone thas fsiecaution is necessary. Every branch of industry
and commerce must be affected more or less byetr@ution of the seasons, and we must allow for
what is due to this cause before we can learn istdhte to other causes.

22.18 The economist A.W. Flux and the statistician G. Ynle also endorsed the idea of

making year-over-year comparisons to minimize fifecés of seasonal fluctuations:
Each month the average price change compared hdtbdrresponding month of the previous year is
to be computed. ... The determination of the propasenal variations of weights, especially in view
of the liability of seasons to vary from year tayes a task from which, | imagine, most of us ldou
be tempted to recoil (Flux (1921, pp. 184-185)).

My own inclination would be to form the index numlfer any month by taking ratios to the
corresponding month of the year being used foreefee, the year before presumably, as this would
avoid any difficulties with seasonal commoditieshbuld then form the annual average by the
geometric mean of the monthly figures (Yule (1921199)).

In more recent times, Victor Zarnowitz (1961, p6élso endorsed the use of year-over-year

monthly indices:
There is of course no difficulty in measuring tverage price change between the same months of
successive years, if a month is our unit “seasand, if a constant seasonal market basket can loe use
for traditional methods of price index constructan be applied in such comparisons.

22.19 In the remainder of this section, it is shown haarrover-year Fisher indices and
approximations to them can be construétdebr each montim=1,2,...,12, le§m) denote

% At the limit, if each commodity appeared in onlyeamonth of the year, then a month-to-
month index would break down completely.

91n the seasonal price index context, this typmdéx corresponds to Bean and Stine’s
(1924, p. 31) Type D index.

11 Diewert (1996b, p. 17-19; 1999a, p. 50) notedowgmiseparability restrictions on consumer
preferences that would justify these year-over-yeanthly indices from the viewpoint of the



the set of commodities that are available in theketplace for each year 0,1,...T. Fort =
0,1,.Tandm=1,2,...,12, lep,"™ andqg."™ denote the price and quantity of commoditjhat
is in the marketplace in monthof yeart, wheren belongs t&5m). Letp"™ andg"™ denote
the monthm and yeat price and quantity vectors, respectively. Themyear-over-year
monthly Laspeyres, Paasche and Fisher indgmaag from monthm of yeart to monthm of
yeart+1 can be defined as follows:

pt+1m t,m
P ( pt,m , pt+1,m ,qt,m) fﬂ;”)
) Y oy

0 ) m=1,2,..12 (22.1)

m;ﬂ) prt1+1 mqr:+1m
P t,m, t+1,m’ t1m)\
P(p p q ) t.m t+1,m
> pMa,
oS n) m=12,..12 (22.2)

P ( pm ptim gtm ot 1,n) E\/ P( pm 1,m’qt,)| FF( pim ptm g l)m

m=1,2,..,12 (22.3)

22.20 The above formulae can be rewritten in price reéaéind monthly expenditure share
form as follows:

PL(pt,m, t+l,m’st,m): Z §1w( pe1r7 pt,|)1

n0s( ) m=1,2,.12 (22.4)

PP( pt,m ’ pt+1,m ,§ l,m) :l: n( 3 1,;7 pt')‘_l:l
nDS( m=1,2,..12 (22.5)

P ( pt’m | pt+1'm,§’m & l,n) E\/ P( Fj,m ,Ij 1,m 'éT PFE Fj,m g bm g 1)r (226

-1
zsr:,m(prt:lm )\/{ zst+1m(pt+1m )—1}
s s m=1,2,..12

where the monthly expenditure share for commadii§gm) for monthmin yeart is defined
as:
tmtm

m__ Py O .
Sft1 Z ptm t,m’
os(m) m=1,2,.,12 nO§m) t=0,1,.T (22.7)
ands'™ denotes the vector of monthexpenditure shares in ydafs,"" for nC0§m).

22.21 Current period expenditure shasd$' are not likely to be available. Hence it will be
necessary to approximate these shares using tresponding expenditure shares from a
base year 0.

22.22 Use the base period monthly expenditure share rstbin place of the vector of
monthm and yeat expenditure sharess™in equation (22.4), and use the base period
monthly expenditure share vecta?d in place of the vector of month and yeat+1
expenditure shares™™ in equation (22.5). Similarly, replace the shagetorss'™ ands**™

economic approach to index number theory.



in equation (22.6) by the base period expendithagesvector for month, ™. The resulting
approximate year-over-year monthly Laspeyres, Paasnd Fisher indiceare defined by
equations (22.8) to (22.169:

PP pme)= 3 98T R
o m=1,2,..12 (22.8)

-1
PAP( pt,m ’ pt+l,m ’So,m) zl: z §o,w( p+t 1,7( pt,);l:l
() m=1,2,..12 (22.9)

PAF (pt,m’ pt+2Lm , SO,m’SO,m)E \/PAL (pt,m, prt1+1,m’SO,m)PAP(pt,m, pt+lm’ SO,m)

- [Tl /o) J[ s T

msm) mm) (22.10)

22.23 The approximate Fisher year-over-year monthly ieslidefined by equation (22.10)
will provide adequate approximations to their tRigher counterparts defined by equation
(22.6) only if the monthly expenditure shares f@ base year 0 are not too different from
their current year andt+1 counterparts. Hence, it will be useful to comstthe true Fisher
indices on a delayed basis in order to check tegwakty of the approximate Fisher indices
defined by equation (22.10).

22.24 The year-over-year monthly approximate Fisher ieslidefined by equation (22.10)
will normally have a certain amount of upward bisiace these indices cannot reflect long-
term substitution of consumers towards commodities are becoming relatively cheaper
over time. This reinforces the case for computme tear-over-year monthly Fisher indices
defined by equation (22.6) on a delayed basis afothis substitution bias can be estimated.

22.25 Note that the approximate year-over-year monthlgpegres and Paasche indides,
andPap defined by equations (22.8) and (22.9) abovesfsatine following inequalities:

PAL( pt,m ’ pt+l,m ’So,m) F/:L( pf 1,m , pt,m ,SD’TZ

P (P78 R B (22.12)

with strict inequalities if the monthly price vecs@'™ andp™*™ are not proportional to each
other.®® The inequality (22.11) says that the approxima&rjover-year monthly Laspeyres
index fails the time reversal tesith an upward bias, while the inequality (22.12ysthat
the approximate year-over-year monthly Paaschexifalks the time reversal tegiith a
downward bias. Hence the fixed weight approximatsgeyres indeR. has a built-in

m=12,..,12 (22.11)

121f the monthly expenditure shares for the base, &, are all equal, then the approximate
Fisher index defined by equation (22.10) reducdsgber’s (1922, p. 472) formula 101.
Fisher (1922, p. 211) observed that this index evapirically very close to the unweighted
geometric mean of the price relatives, while D4EI92, p. 143) and Diewert (1995a, p. 29)
showed analytically that these two indices appraxed each other to the second order. The
equally weighted version of equation (22.10) wasnemended as an elementary index by
Carruthers, Sellwood and Ward (1980, p. 25) an@1992, p. 140).

13 See Hardy, Littlewood and Pdélya (1934, p. 26).



upward bias and the fixed weight approximate PaasutexP.r has a built-in downward
bias. Statistical agencies should avoid the uskesfe formulae. The formulae can, however,
be combined as in the approximate Fisher formwal@ and the resulting index should be
free from any systematic formula bias (but thelleciuld be some substitution bias).

22.26 The year-over-year monthly indices defined in #@stion are illustrated using the
artificial data set given in Tables 22.1 and 22lghough fixed base indices are not formally
defined in this section, these indices have sinfidenulae to the year-over-year indices
except that the variable base yemreplaced by the fixed base year 0. The regultthyear-
over-year monthly fixed base Laspeyres, Paasché&ighér indices are listed in Tables 22.3
to 22.5.

Table 22.3 Year-over-year monthly fixed base Lasgeyndices

Y ear Month

1 2 3 4 5 6 7 8 9 10 1
1970 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 21.000C 21.000C 21.000C 12.000C 1
1971  1.108: 1.106¢ 1.147¢ 1.148¢ 1.115¢ 1.084¢ 1.110: 1.078: 1.049: 1.090: 1
1972  1.206( 1.244: 1.306: 1.278: 1.218: 1.173¢ 1.236¢ 1.1827 1.104¢ 1.180¢ 1
1973 1.3281 1.4028 1.4968 1.4917 1.4105 1.3461 1.4559 90.42.2636 1.4060 1
Table 22.4 Year-over-year monthly fixed base Paasutices
Y ear Month

1 2 3 4 5 6 7 8 9 10 1
1970 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1
1971 1.1074 1.1070 1.1471 1.1486 1.1115 1.0827 1.1075 1.0699 1.0414 1.0762 1
1972 1.2023 1.2436 1.3038 1.2773 1.2024 1.1657 1.2307 1.1455 1.0695 1.1274 1
1973 1.3190 1.4009 1.4912 1.4882 1.3715 1.3266 33.441.3122 1.1664 1.24961

Table 22.5 Year-over-year monthly fixed base Fishéices

Y ear Month

1 2 3 4 5 6 7 8 9 10 1

1970 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1
1971 1.1080 1.1069 1.1474 1.1487 1.1137 1.0835 1.1089 1.0741 1.0453 1.0831 1
1972  1.2041 1.2439 1.3050 1.2778 1.2104 1.1695 1.2336 1.1640 1.0870 1.1538 1
1

1973 1.3235 1.4019 1.4940 1.4900 1.3909 1.3363 96.441.3694 1.2140 1.3255

22.27 Comparing the entries in Tables 22.3 and 22.4ntlee seen that the year-over-year
monthly fixed base Laspeyres and Paasche pricedadio not differ substantially for the
early months of the year, but that there are sabatalifferences between the indices for the
last five months of the year by the time the ye®f3lis reached. The largest percentage
difference between the Laspeyres and Paasche sigid2.5 per cent for month 10 in 1973

(1.4060/1.2496 = 1.125). However, all the year-exear monthly series show a smooth year-

over-year trend.

22.28 Approximate fixed base year-over-year Laspeyreasétee and Fisher indices can be
constructed by replacing current month expendisheges for the five commodities by the
corresponding base year monthly expenditure slardise five commodities. The resulting
approximate Laspeyres indices are equal to theénatifixed base Laspeyres indices so there
is no need to present the approximate Laspeyrésesth a table. The approximate year-



over-year Paasche and Fisher indices do, howeier, lom the fixed base Paasche and
Fisher indices found in Tables 22.4 and 22.5, ssdmew approximate indices are listed in
Tables 22.6 and 22.7.

Table 22.6 Year-over-year approximate monthly fikade Paasche indices

Y ear Month

1 2 3 4 5 6 7 8 9 10

1970 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000(
1971 1.1077 1.105, 1.146¢ 1.147¢ 1.113¢ 1.081¢ 1.106: 1.072. 1.042¢ 1.076(
1972 1.202¢ 1.242: 1.303¢ 1.275 1.211( 1.164( 1.226° 1.156° 1.078¢ 1.130¢
1973 1.3165 1.3947 1.4880 1.4858 1.3926 1.3223 1.4297 13.33.1920 1.2604

O e e

Table 22.7 Year-over-year approximate monthly fikade Fisher indices

Y ear M onth

1 2 3 4 5 6 7 8 9 10

1970 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000(
1971 1.108. 1.106: 1.147: 1.148: 1.114, 1.083: 1.108: 1.075: 1.045¢ 1.083(
1972  1.204: 1.243: 1.304¢ 1.277( 1.214° 1.168° 1.231¢ 1.169¢ 1.091¢ 1.155]
1973 1.3223 1.3987 1.4924 1.4888 1.4015 1.3341 1.4428 94.31.2273 1.3312

R e | e

22.29 Comparing Table 22.4 with Table 22.6, it can bendbat, with a few exceptions, the
entries correspond fairly closely. One of the bigdjflerences is the 1973 entry for the fixed
base Paasche index for month 9, which is 1.1664e\he corresponding entry for the
approximate fixed base Paasche index is 1.192@ 202 per cent difference (1.1920 /1.1664
=1.022). In general, the approximate fixed bases¥@e indices are somewhat bigger than
the true fixed base Paasche indices, as couldperted, since the approximate indices have
some substitution bias built into them as theirespture shares are held fixed at the 1970
levels.

22.30 Turning now to the chained year-over-year monthtliges using the artificial data
set, the resulting 12 year-over-year monthly chiiinespeyres, Paasche and Fisher indices,
P., Pr andPg, where the month-to-month links are defined byatigus (22.4) to (22.6), are
listed in Tables 22.8 to 22.10.

Table 22.8 Year-over-year monthly chained Laspeyraises

Y ear Month

1 2 3 4 5 6 7 8 9 10

1970 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000(
1971  1.108¢ 1.106¢ 1.147¢ 1.148¢ 1.115¢ 1.084< 1.110: 1.078:¢ 1.049: 1.090:
1972  1.205¢ 1.244( 1.305¢ 1.278: 1.215¢ 1.172( 1.2357 1.175¢ 1.097¢ 1.169(
1973 1.3274 1.4030 1.4951 1.4911 1.4002 1.3410 1.4522 271.39.2347 1.3593

Table 22.9 Year-over-year monthly chained Paasullieas

Y ear Month

1 2 3 4 5 6 7 8 9 10

1970 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000(
1971 1.107¢+ 1.107C 1.147. 1.148¢ 1.111¢ 1.082° 1.107¢ 1.069¢ 1.041+ 1.076:
1972  1.203¢ 1.243, 1.304: 1.277. 1.207+ 1.168: 1.232¢ 1.156¢ 1.079¢ 1.142:
1973 1.3243 1.4024 1.4934 1.4901 1.3872 1.3346 1.4478 31.33.2018 1.3059




Table 22.10 Year-over-year monthly chained Fishdices

Y ear Month

1 2 3 4 5 6 7 8 9 10

1970 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000(
1971 1.108(C 1.106¢ 1.147¢ 1.148° 1.113, 1.083% 1.10¢9 1.074. 1.045: 1.083:
1972  1.204¢ 1.243¢ 1.305: 1.278( 1.211¢< 1.170. 1.234: 1.166( 1.088¢ 1.155¢
1973 1.3258 1.4027 1.4942 1.4906 1.3937 1.3378 1.4500 28.374.2181 1.3323

= e e

22.31 Comparing the entries in Tables 22.8 and 22.@ntlee seen that the year-over-year
monthly chained Laspeyres and Paasche price indaessmaller differences than the
corresponding fixed base Laspeyres and Paaschesipdices in Tables 22.3 and 22.4. This

is a typical pattern, as found in Chapter 19: the of chained indices tends to reduce the
spread between Paasche and Laspeyres indices @mripdheir fixed base counterparts.

The largest percentage difference between correspgpentries for the chained Laspeyres
and Paasche indices in Tables 22.8 and 22.9 iget.dent for month 10 in 1973
(1.3593/1.3059 = 1.041). Recall that the fixed Hasspeyres and Paasche indices differed
by 12.5 per cent for the same month, so that chgidoes tend to reduce the spread between
these two equally plausible indices.

22.32 The chained year-over-year Fisher indices listefable 22.10 are regarded as the
“best” estimates of year-over-year inflation usihg artificial data set.

22.33 The year-over-year chained Laspeyres, Paascheisimer indices listed in Tables
22.8 t0 22.10 can be approximated by replacingectiperiod commodity expenditure shares
for each month by the corresponding base year myotimmodity expenditure shares. The
resulting 12 year-over-year monthly approximateirda Laspeyres, Paasche and Fisher
indices,Pac, Par andPag, where the monthly links are defined by equati@s8) to (22.10),
are listed in Tables 22.11 to 22.13.

Table 22.11 Year-over-year monthly approximate mbaiLaspeyres indices

Y ear M onth

1 2 3 4 5 6 7 8 9 10

1970 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000(
1971 1.108¢ 1.106¢ 1.147¢ 1.148¢ 1.115¢ 1.084< 1.110: 1.078: 1.049: 1.090:
1972  1.205¢ 1.244( 13057 1.277¢ 1.216¢ 1.171: 1.234¢ 1.177C 1.098¢ 1.169:
1973 1.3255 1.4007 1.4945 1.4902 1.4054 1.3390 1.4491 21.4a.2429 1.3611

Table 22.12 Year-over-year monthly approximate mbediPaasche indices

Y ear M onth

1 2 3 4 5 6 7 8 9 10

1970 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000(
1971 1.107%° 1.1057 1.146¢ 1.147¢ 1.113¢ 1.081¢ 1.106: 1.072. 1.042¢ 1.076(
1972  1.203¢ 1.242¢ 1.304: 1.276¢ 1.213( 1.166¢ 1.2287 1.163¢ 1.085¢( 1.143¢
1973 1.3206 1.3971 1.4914 1.4880 1.3993 1.3309 1.4386 74.34.2183 1.3111
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Table 22.13 Year-over-year monthly approximate mbaiFisher indices

Y ear Month

1 2 3 4 5 6 7 8 9 10

1970 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000C 1.000(



1971  1.108. 1.106: 1.147: 1.148: 1.114. 1.083. 1.108: 1.075: 1.045¢
1972  1.204¢ 1.243. 1.305( 1.277: 1.214¢ 1.168¢ 1.231, 1.170¢ 1.092:
1973 1.3231 1.3989 1.4929 1.4891 1.4024 1.3349 1.4438 41.381.2305

1.083(
1.156¢
1.3358

22.34 The year-over-year chained indices listed in TaB241 to 22.13 approximate their
true chained counterparts listed in Tables 222&t40 very closely. For the year 1973, the
largest discrepancies are for the Paasche andrhkighees for month 9: the chained Paasche
is 1.2018, while the corresponding approximateradiPaasche is 1.2183 for a difference of
1.4 per cent, and the chained Fisher is 1.2181lewine corresponding approximate chained
Fisher is 1.2305 for a difference of 1.0 per ctintan be seen that for the modified Turvey
data set, the approximate year-over-year monthpyaqimate Fisher indices listed in Table
22.13 approximate the theoretically preferred (bydractice unfeasible in a timely fashion)
Fisher chained indices listed in Table 22.10 gsatiesfactorily. Since the approximate Fisher
indices are just as easy to compute as the appatibaspeyres and Paasche indices, it may
be useful to ask that statistical agencies makgada to the public these approximate Fisher
indices along with the approximate Laspeyres arabétee indices.

Y ear -over-year annual indices

22.35 Assuming that each commodity in each season ofeheis a separate “annual”
commodity is the simplest and theoretically mosis&zctory method for dealing with
seasonal commodities when the goal is to consanuatial price and quantity indices. This
idea can be traced back to Bruce D. Mudgett irctmesumer price context and to Richard

Stone in the producer price context:
The basic index is a yearly index and as a pricguantity index is of the same sort as those about
which books and pamphlets have been written in tifyaover the years (Mudgett (1955, p. 97)).
The existence of a regular seasonal pattern ie@ridhich more or less repeats itself year after yea
suggests very strongly that the varieties of a codity available at different seasons cannot be
transformed into one another without cost and tatprdingly, in all cases where seasonal variation
in price are significant, the varieties availalii@ifferent times of the year should be treated, in
principle, as separate commaodities (Stone (195674{Y5)).

22.36 Using the notation introduced in the previous sexittheLaspeyres, Paasche and
Fisher annual (chain link) indicesomparing the prices of yetwith those of year+1 can
be defined as follows:
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22.37 The above formulae can be rewritten in price reéaéind monthly expenditure share
form as follows:
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where the expenditure share for montin yeart is defined as:
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and the year-over-year monthly Laspeyres and Padsbhin link) price indices
PL(pt™p™*t™s'™ andPe(p"™ pt*tMm s ™ are defined by equations (22.4) and (22.5),
respectively. As usual, the annual chain link RishdexPr defined by equation (22.18),
which compares the prices in every month of yesith the corresponding prices in ydaf,
is the geometric mean of the annual chain link egsgs and Paasche indicBsandPe,
defined by equations (22.16) and (22.17). Thedgsttions in (22.16), (22.17) and (22.18)
show that these annual indices can be defined astlity) share-weighted averages of the
year-over-year monthly chain link Laspeyres andsPa@ indicesP, (p™,p***™,s"™ and
Pp(pt™p*tms*tm  defined by equations (22.4) and (22.5). Henamedhe year-over-year
monthly indices defined above have been calculatederically, it is easy to calculate the
corresponding annual indices.

22.38 Fixed base counterparts to the formulae defineddmations (22.16) to (22.18) can



readily be defined: simply replace the data peingito period by the corresponding data
pertaining to the base period 0.

22.39 The annual fixed base Laspeyres, Paasche and kslegs, as calculated using the
data from the artificial data set tabled in parpbsa22.14 and 22.15, are listed in Table
22.14.

Table 22.14 Annual fixed base Laspeyres, Paasah€&iaher price indices

Y ear P Pp Pr

1970 1.000( 1.000( 1.000(
1971 1.100¢ 1.096: 1.098¢
1972 1.209: 1.188¢ 1.198"
1973 1.4144 1.3536 1.3837

Table 22.14 shows that by 1973, the annual fixes lhaaspeyres index exceeds its Paasche
counterpart by 4.5 per cent. Note that each seraesases steadily.

22.40 The annual fixed base Laspeyres, Paasche and slegs can be approximated by
replacing any current shares by the correspondasg lpear shares. The resulting annual
approximate fixed base Laspeyres, Paasche and hishees are listed in Table 22.15. Also
listed in the last column of Table 22.15 is theethXase geometric Laspeyres annual index,
PsL. This is the weighted geometric mean counterpathe fixed base Laspeyres index,
which is equal to a base period weighted arithmeterage of the long-term price relatives;
see Chapter 19. It can be shown fatapproximates the approximate fixed base Fisher
index, Par, to the second order around a point where alladhg-term price relatives are
equal to unity** It can be seen that the entries for the Laspegnies indices are exactly the
same in Tables 22.14 and 22.15. This is as it shioel] because the fixed base Laspeyres
price index uses only expenditure shares from #se lyear 1970; hence the approximate
fixed base Laspeyres index is equal to the truedfixase Laspeyres index. Comparing the
columns labelledP» andPr in Table 22.14 with the columi&e andPae in Table 22.15
shows that the approximate Paasche and approxkister indices are quite close to the
corresponding annual Paasche and Fisher indicese-&or the artificial data set, the true
annual fixed base Fisher index can be very closgproximated by the corresponding
approximate Fisher indeRae (or the geometric Laspeyres ind®sg,), which, of course, can
be computed using the same information set thatrisially available to statistical agencies.

Table 22.15 Annual approximate fixed base Laspeyaasche, Fisher and geometric
Laspeyres indices

Y ear PaL Pap Par PoL

1970 1.000( 1.000( 1.000( 1.000(
1971 1.100¢ 1.095¢ 1.0982 . .098¢
1972 1.209: 1.190:¢ 1.199¢ 1.200:
1973 1.4144 1.3596 1.3867 1.3898

22.41 Using the artificial data set in Tables 22.1 and®2the annual chained Laspeyres,
Paasche and Fisher indices can readily be caldylaseng the formulae (22.16) to (22.18)

14 See footnote 12.



for the chain links. The resulting indices aredistn Table 22.16, which shows that the use
of chained indices has substantially narrowed #yeletween the Paasche and Laspeyres
indices. The difference between the chained anmaspeyres and Paasche indices in 1973 is
only 1.5 per cent (1.3994 versus 1.3791), wheneas Table 22.14, the difference between
the fixed base annual Laspeyres and Paasche indi@é833 is 4.5 per cent (1.4144 versus
1.3536). Thus the use of chained annual indicestiastantially reduced the substitution (or
representativity) bias of the Laspeyres and Paasdiees. Comparing Tables 22.14 and
22.16, it can be seen that for this particulafiarl data set, the annual fixed base Fisher
indices are very close to their annual chaineddfisbunterparts. The annual chained Fisher
indices should, however, normally be regarded asrtore desirable target index to
approximate, since this index will normally givettiee results if prices and expenditure
shares are changing substantially over fitne.

Table 22.16 Annual chained Laspeyres, Paascheiahdrfprice indices

Y ear P Pp Pr

1970 1.000( 1.000( 1.000(
1971 1.100¢ 1.096: 1.098¢
1972 1.205: 1.194¢ 1.200:
1973 1.3994 1.3791 1.3892

22.42 Obviously, the current year weights;"sando' and §**™ andon™?, which appear in
the chain link formulae (22.16) to (22.18), caralpproximated by the corresponding base
year weights, ™ andor’. This leads to the annual approximate chainedeyass, Paasche
and Fisher indices listed in Table 22.17.

Table 22.17 Annual approximate chained Laspeyraasséhe and Fisher price indices

Y ear PaL Pap Par
1970 1.000( 1.000( 1.000(
1971 1.100¢ 1.095¢ 1.098:
1972 1.205:; 1.195: 1.200:
1973 1.3995 1.3794 1.3894

22.43 Comparing the entries in Tables 22.16 and 22.1Wslibat the approximate chained
annual Laspeyres, Paasche and Fisher indices taeenety close to the corresponding true
chained annual Laspeyres, Paasche and Fishersnéieace, for the artificial data set, the
true annual chained Fisher index can be very ctlaggbroximated by the corresponding
approximate Fisher index, which can be computedgusie same information set that is
normally available to statistical agencies.

22.44 The approach to computing annual indices outlimetthis section, which essentially
involves taking monthly expenditure share-weighdedrages of the 12 year-over-year
monthly indices, should be contrasted with the apggin that simply takes the arithmetic

15 The gap between the Laspeyres and Paasche inditbs normally be reduced using
chained indices under these circumstances. Of epifithere are no substantial trends in
prices, so that prices are just changing randotinégn it will generally be preferable to use
the fixed base Fisher index.



mean of the 12 monthly indices. The problem with ldtter approach is that months where
expenditures are below the average (e.g., Febraagyjiven the same weight in the
unweighted annual average as months where expessidwe above the average (e.g.,
December).

Rolling year annual indices

22.45 In the previous section, the price and quantity getrtaining to the 12 months of a
calendar year were compared to the 12 months afa talendar year. There is, however, no
need to restrict attention to calendar-year corspas: any 12 consecutive months of price
and quantity data could be compared to the pridegaiantity data of the base year, provided
that the January data in the non-calendar yeazampared to the January data of the base
year, the February data of the non-calendar yeac@npared to the February data of the
base year, and so on, up to the December date ofott-calendar year being compared to the
December data of the base y&aklterman, Diewert and Feenstra (1999, p. 70) dathe
resulting indicesolling year or moving yeaindices?’

22.46 In order to theoretically justify the rolling yedices from the viewpoint of the
economic approach to index number theory, soméctshs on preferences are required.
The details of these assumptions can be foundewé&it (1996b, pp. 32-34; 1999a, pp. 56-
61).

22.47 The problems involved in constructing rolling y@adices for the artificial data set
are now considered. For both fixed base and chawlkdg year indices, the first 13 index
number calculations are the same. For the yeaetiad with the data for December of 1970,
the index is set equal to 1 for the Laspeyres, ¢Peaand Fisher moving year indices. The
base year data are the 44 non-zero price and guahservations for the calendar year 1970.
When the data for January 1971 become availal@ehtiee non-zero price and quantity
entries for January of calendar year 1970 are é¢rd@md replaced by the corresponding
entries for January 1971. The data for the remgimonths of the comparison year remain
the same; i.e., for February to December of thepaoison year, the data for the rolling year
are set equal to the corresponding entries foruaepito December 1970. Thus the
Laspeyres, Paasche or Fisher rolling year indexevedr January 1971 compares the prices
and quantities of January 1971 with the correspangrices and quantities of January 1970.
For the remaining months of this first moving yeahg prices and quantities of February to
December 1970 are simply compared with exactlysme prices and quantities of February
to December 1970. When the data for February 1@¢trne available, the three non-zero
price and quantity entries for February for the faling year (which are equal to the three
non-zero price and quantity entries for FebruargyQ)@re dropped and replaced by the
corresponding entries for February 1971. The rieguttata become the price and quantity
data for the second rolling year. The Laspeyreasétee or Fisher rolling year index value for
February 1971 compares the prices and quantiti@arafary and February 1971 with the
corresponding prices and quantities of Januaryrafuary 1970. For the remaining months

16 Diewert (1983c) suggested this type of compareuhtermed the resulting index a “split
year” comparison.

" Crump (1924, p. 185) and Mendershausen (19345), espectively, used these terms in
the context of various seasonal adjustment proesdiihe term “rolling year” seems to be
well established in the business literature inWnded Kingdom.



of this first moving year, the prices and quangitid March to December 1970 are compared
with exactly the same prices and quantities of MaocDecember 1970. This process of
exchanging the price and quantity data of the cimreonth in 1971 with the corresponding
data of the same month in the base year 1970 &r todorm the price and quantity data for
the latest rolling year continues until Decembef1L% reached, when the current rolling
year becomes the calendar year 1971. Thus the y&spéaasche and Fisher rolling year
indices for December 1971 are equal to the corredipg fixed base (or chained) annual
Laspeyres, Paasche and Fisher indices for 197dd lis Tables 22.14 or 22.16.

22.48 Once the first 13 entries for the rolling year oel have been defined as indicated
above, the remaining fixed base rolling year LaspgyPaasche and Fisher indices are
constructed by taking the price and quantity déthelast 12 months and rearranging the
data so that the January data in the rolling yeacampared to the January data in the base
year, the February data in the rolling year arepamed to the February data in the base year,
and so on, up to the December data in the rollewy Ypeing compared to the December data
in the base year. The resulting fixed base roliegr Laspeyres, Paasche and Fisher indices
for the artificial data set are listed in Table1®.

22.49 Once the first 13 entries for the fixed base rglyear indices have been defined as
indicated above, the remaining chained rolling Jespeyres, Paasche and Fisher indices
are constructed by taking the price and quantitg d&athe last 12 months and comparing
these data to the corresponding data of the rojleay of the 12 months preceding the current
rolling year. The resulting chained rolling yeaispayres, Paasche and Fisher indices for the
artificial data set are listed in the last threkioms of Table 22.18. Note that the first 13
entries of the fixed base Laspeyres, Paasche ahdriHndices are equal to the corresponding
entries for the chained Laspeyres, Paasche andrkigtices. It will also be noted that the
entries for December (month 12) of 1970, 1971, 1&7@ 1973 for the fixed base rolling year
Laspeyres, Paasche and Fisher indices are eqti tmrresponding fixed base annual
Laspeyres, Paasche and Fisher indices listed ile P&14. Similarly, the entries in Table
22.18 for December (month 12) of 1970, 1971, 19%2 1973 for the chained rolling year
Laspeyres, Paasche and Fisher indices are eqih tmrresponding chained annual
Laspeyres, Paasche and Fisher indices listed ile P2bl16.

Table 22.18 Rolling year Laspeyres, Paasche amgiFmwice indices

Y ear Month P. Pe Pr P Pp P
(fixed) (fixed) (fixed) (chain) (chain) (chain)
1970 2 1.000C 1.000C 1.000C 1.000C 1.000C 1.000(

1
1971 1 1.008: 1.0087 1.008t 1.008: 1.0087 1.008:
2 1.016: 1.017C 1.016¢ 1.016: 1.017C 1.016¢
3 1.0257 1.027¢ 1.026% 1.0257 1.027: 1.02¢5
4 1.034« 1.036¢ 1.035¢ 1.034¢ 1.036¢ 1.035¢
5 1.042° 1.044¢ 1.043t 1.042° 1.044¢ 1.043¢
6 1.051¢ 1.053" 1.052, 1.051¢ 1.053" 1.052.
7 1.0617 1.063%t 1.062¢ 1.0617 1.063% 1.062¢
8 1.0v0: 1.070¢ 1.070¢ 1.070: 1.070¢ 1.070¢
9 1.075( 1.074C 1.074% 1.075(C 1.074( 1.074¢
1C 1.081¢ 1.079: 1.080¢ 1.081¢ 1.079: 1.080¢f
11 1.093° 1.090: 1.091¢ 1.0937 1.090: 1.091¢



12 1.100¢ 1.096: 1.098¢ 1.100¢ 1.096: 1.098¢
1972 1 1.108: 1.103¢ 1.105¢ 1.108. 1.104( 1.106:
2 1.118: 1.113" 1.116( 1.118¢ 1.114" 1.1165
3 1.128° 1.124¢ 1.126¢ 1.129( 1.126( 1.127¢
4 1.136: 1.132¢ 1.134: 1.136¢ 1.134: 1.135¢
5 1.143¢ 1.139: 1.141+ 1.1437 1.141% 1.142¢
6 1.153( 1.1487 1.150% 1.152¢ 1.150f 1.151.
7 1.164¢ 1.159¢ 1.162( 1.164¢ 1.162: 1.163:
8 1.175° 1.167( 11718 1.174° 1.170¢ 1.172¢
9 1.181: 1.168( 1.174¢ 1.178° 1.173( 1.175¢
1C 1.188. 1.171: 1.179¢ 1.184¢ 1.177. 1.180¢
11 1.199¢ 1.180¢ 1.190: 1.196: 1.186¢ 1.191¢
12 1.209: 1.188¢ 1.198"7 1.205: 1.194¢ 1.200:
197¢ 1 1.218: 1.197: 1.207. 1.214: 1.204" 1.209¢

2 1.230C 1.208¢ 1.219¢ 1.226:¢ 1.217: 1.221¢
3 1.242¢ 1.221¢ 1.232( 1.239¢ 1.231( 1.235:
4 1.254¢  1.2347 1.244: 1.252( 1.244: 1.248:
5 1.268° 1.246¢ 1.257¢ 1.265¢ 1.257¢ 1.261.
6 1.287( 1.264: 1.275¢ 1.283¢ 1.275¢ 1.279.
7 1.307C 1.284: 1.2¢%56 1.303¢ 1.296: 1.300(
8 1.333¢ 1.302( 1.317. 1.327¢ 1.316¢ 1.322:

9 1.349: 1.308¢ 1.328¢ 1.339¢ 1.326¢ 1.333:
1C 1.366: 1.317: 1.341% 1.3537 1.338¢ 1.346(
11 1.393: 1.336¢ 1.364¢ 1.379¢ 1.360¢ 1.370(
12 14144 1.3536 1.3837 1.3994 1.3791 1.3892

2250 Table 22.18 shows that the rolling year indicesvany smooth and free from
seasonal fluctuations. For the fixed base indieash entry can be viewed asemasonally
adjusted annual consumer price indeat compares the data of the 12 consecutive raonth
that end with the year and month indicated withdbeesponding price and quantity data of
the 12 months in the base year, 1970. Thus rojleay indices offer statistical agencies an
objective and reproducible method of seasonal &dprst that can compete with existing
time series methods of seasonal adjustrifent.

22.51 Table 22.18 shows that the use of chained indiasshbstantially narrowed the gap
between the fixed base moving year Paasche aney@spindices. The difference between
the rolling year chained Laspeyres and Paaschedsdin December 1973 is only 1.5 per cent
(1.3994 versus 1.3791), whereas the differencedmhe rolling year fixed base Laspeyres
and Paasche indices in December 1973 is 4.5 pe(Xdi44 versus 1.3536). Thus, the use

18 For discussions on the merits of econometricroe tseries methods versus index number
methods of seasonal adjustment, see Diewert (19§9&1-68) and Alterman, Diewert and
Feenstra (1999,

pp. 78-110). The basic problem with time serieshogs of seasonal adjustment is that the
target seasonally adjusted index is very diffitolspecify in an unambiguous way; i.e., there
are an infinite number of possible target indi¢es. example, it is impossible to identify a
temporary increase in inflation within a year franchanging seasonal factor. Hence different
econometricians will tend to generate differensseally adjusted series, leading to a lack of
reproducibility.



of chained indices has substantially reduced thetgution (or representativity) bias of the
Laspeyres and Paasche indices. As in the prevemi®s, the chained Fisher rolling year
index is regarded as the target seasonally adjastedal index when seasonal commodities
are in the scope of the CPI. This type of indexi$® a suitable index for central banks to use
for inflation targeting purposé8The six series in Table 22.18 are charted in E@2.1.

The fixed base Laspeyres index is the highestfolieywed by the chained Laspeyres, the
two Fisher indices (which are virtually indistinghable), and the chained Paasche. Finally,
the fixed base Paasche is the lowest index. Areas® in the slope of each graph can clearly
be seen for the last eight months, reflecting ticegase in the month-to-month inflation rates
that was built into the data for the last 12 momththe data séef.

Figure 22.1 Rolling yedixed base and chained Laspeyres, Paasche and iRidices
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22.52 As in the previous section, the current year weaight™ anda.y ands,"*™ and g»™*,
which appear in the chain link formulae (22.16§28.18) or in the corresponding fixed base
formulae, can be approximated by the corresponilisg year weights,>™ andar. This
leads to the annual approximate fixed base anahetlaplling year Laspeyres, Paasche and
Fisher indices listed in Table 22.19.

Table 22.19 Rolling year approximate Laspeyressé€tamand Fisher price indices

Y ear M onth PaL Pap Par PaL Pap Par
(fixed) (fixed) (fixed) (chain) (chain) (chain)
1970 12 1.000( 1.000( 1.000( 1.000( 1.000( 1.000(

19 See Diewert (2002c) for a discussion of the meamant issues involved in choosing such
an index.

20 The arithmetic average of the 36 month-over-mamfiation rates for the rolling year fixed
base Fisher indices is 1.0091; the average of tlagss for the first 24 months is 1.0076, for
the last 12 months is 1.0120 and for the last 2th®ois 1.0156. Hence, the increased month-
to-month inflation rates for the last year are fndlty reflected in the rolling year indices until
a full 12 months have passed. However, the fattitiflation has increased for the last 12
months of data compared to the earlier monthscisgoi up almost immediately.



1971 1 1.008: 1.007+ 1.007¢ 1.008: 1.007¢ 1.007¢
2 1.016: 1.014¢ 1.015¢ 1.016: 1.014¢ 1.015¢
3 1.025 1.023: 1.024¢ 1.025: 1.023: 1.024:
4 1.034 1.031: 1.032¢ 1.034« 1.031% 1.032¢
5 1.042 1.039( 1.040¢ 1.042% 1.039( 1.040¢
6 1.051¢ 1.047¢ 1.049: 1.051¢ 1.047¢ 1.049:
7 1.061" 1.057+ 1.059¢ 1.061" 1.057¢ 1.059¢
8 1.070: 1.065¢ 1.067¢ 1.070: 1.065¢ 1.067¢
9 1.075( 1.070: 1.072¢ 1.075( 1.070: 1.072¢
10 1.081¢ 1.076¢ 1.0791 1.081¢ 1.076¢ 1.079:
11 1.0931 1.088: 1.090¢ 1.0931 1.088: 1.090¢
12 1.100¢ 1.095¢ 1.098: 1.100¢ 1.095¢ 1.098:
197z 1 1.108: 1.102: 1.105: 1.108¢ 1.102: 1.105:
2 1.118¢ 1.111( 1.114° 1.118: 1.1110 1.114°
3 1.128. 1.119¢ 1.124: 1.128: 1.120z 1.124:
4 1.136: 1.126( 1.131( 1.135¢ 1.126¢ 1.131:
5 1.143¢ 1.132¢ 1.138: 1.142% 1.133¢ 1.138:
6 1.153( 1.141¢ 1.147: 1.152( 1.142% 1.147:
7 1.164¢ 1.152: 1.158:¢ 1.163- 1.153% 1.158¢
8 1.175 1.162( 1.168¢ 1.173¢ 1.164: 1.169:
9 1.1€12 1.166: 1.173 1.179: 1.169: 1.174:
10 1.188: 1.171( 1.179¢ 1.185: 1.174% 1.179¢
11 1.199¢ 1.180: 1.190: 1.195¢ 1.185¢ 1.190:
12 1.209: 1.190¢ 1.199¢ 1.205: 1.195: 1.200:
197¢ 1 1.218¢ 1.198( 1.208: 1.214: 1.203: 1.208:

2 1.230( 1.207¢ 1.2187 1.225: 1.213:¢ 1.219¢
3 1.242¢ 1.216¢ 1.229:¢ 1.236: 1.223¢ 1.230:
4 1.254¢ 1.226: 1.240¢ 1.248: 1.234( 1.241:
5 1.268. 1.237¢ 1.253: 1.261¢ 1.246¢ 1.254(
6 1.287( 1.254¢ 1.270¢ 1.279¢ 1.264( 1.271
7 1.307( 1.271¢ 1.289: 1.298¢ 1.282: 1.2€03
8 1.333¢ 1.291¢ 1.312¢ 1.323- 1.304¢ 1.313¢

9 1.349: 1.306: 1.327¢ 1.338¢ 1.320: 1.329¢
10 1.366: 1.318: 1.342: 1.353¢ 1.334: 1.344:
11 1.393: 1.338. 1.365. 1.378: 1.357¢ 1.368(
12 1.4144 1.3596 1.3867 1.3995 1.3794 1.3894

22.53 Comparing the indices in Tables 22.18 and 22.1&ntbe seen that the approximate
rolling year fixed base and chained Laspeyres,dP@&aand Fisher indices listed in Table
22.19 are very close to their true rolling yearmeuparts listed in Table 22.18. In particular,
the approximate chain rolling year Fisher indexi¢hltan be computed using just base year
expenditure share information, along with curr@fdimation on prices) is very close to the
preferred target index, the rolling year chaineshBr index. In December 1973, these two
indices differ by only 0.014 per cent (1.3894/1.3891.00014). The indices in Table 22.19
are charted in Figure 22.2. It can be seen thatr€g22.1 and 22.2 are very similar; in
particular, the Fisher fixed base and chained axlare virtually identical in both figures.

Figure 22.2 Rolling year approximate fixed base eémained Laspeyres, Paasche and Fisher
indices
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22.54 From the above tables, it can be seen that yeary@ae monthly indices and their
generalizations to rolling year indices performyweeell using the modified Turvey data set;
like is compared to like, and the existence of @ealscommodities does not lead to erratic
fluctuations in the indices. The only drawbackhe tise of these indices is that it seems that
they cannot give any information on short-term, theto-month fluctuations in prices. This

is most evident if seasonal baskets are totallkgdiht for each month, since in this case there
is no possibility of comparing prices on a monthrtonth basis. In the following section, it is
shown how a current period year-over-year monthdiek can be used to predict a rolling
year index that is centered on the current month.

Predicting arolling year index using a current period year-over-year monthly index
22.55 It might be conjectured that under a regime whieedang-run trend in prices is
smooth, changes in the year-over-year inflatioa fat a particular month compared to the
previous month could give valuable information altbe long-run trend in price inflation.
For the modified Turvey data set, this conjectures out to be true, as seen below.

22.56 The basic idea is illustrated using the fixed Hasspeyres rolling year indices listed
in Table 22.18 and the year-over-year monthly fikade Laspeyres indices listed in Table
22.3. In Table 22.18, the fixed base Laspeyrespitear entry for December of 1971
compares the 12 months of price and quantity dat@ining to 1971 with the corresponding
prices and quantities pertaining to 1970. This xwlember Py, is the first entry in Table
22.20. Thus th&.ry column of Table 22.20 shows the fixed base roljiegr Laspeyres
index, taken from Table 22.18, starting at Decenil®8tl and carrying through to December
1973, which is 24 observations in all. Lookingts first entry of this column, it can be seen
that the index is a weighted average of year-oear-price relatives over all 12 months in
1970 and 1971. Thus this index is an average ofgear-year monthly price changes,
centered between June and July of the two yearstimh prices are being compared. Hence,
an approximation to this annual index could be iole@ by taking the arithmetic average of
the June and July year-over-year monthly indicetapeng to the years 1970 and 1971 (see
the entries for months 6 and 7 for the year 197Taible 22.3, 1.0844 and 1.1133Yhe next

21 Obviously, if an average of the year-over-year thignindices for May, June, July and



rolling year fixed base Laspeyres index correspdadise January 1972 entry in Table 22.18.
An approximation to this rolling year indeRsryv, could be obtained by taking the arithmetic
average of the July and August year-over-year nipintkdices pertaining to the years 1970
and 1971 (see the entries for months 7 and 8 &ydlar 1971 in Table 22.3, 1.1103 and
1.0783). These arithmetic averages of the two ggar-year monthly indices that are in the
middle of the corresponding rolling year are listethe Pary column of Table 22.20. From
Table 22.20, it can be seen that Bagy column does not approximate tRey column
particularly well, since the approximate indiceshiePary column are seen to have some
pronounced seasonal fluctuations, whereas thegofear indices in thB gy column are free
from seasonal fluctuations.

22.57 Some seasonal adjustment fact@AK) are listed in Table 22.20. For the first 12
observations, the entries in tBAFcolumn are simply the ratios of the entries inRhg
column, divided by the corresponding entries inRhg column; i.e., for the first 12
observations, the seasonal adjustment factorsrapdysthe ratio of the rolling year indices
starting at December 1971, divided by the arithonatierage of the two year-over-year
monthly indices that are in the middle of the cep@nding rolling yeat> The initial 12
seasonal adjustment factors are then just repéatéide remaining entries for tf®AF
column.

22.58 Once the seasonal adjustment factors have beeredethen the approximate rolling
year indexPary can be multiplied by the corresponding seasorjakadent factoSAFIn
order to form aeasonally adjusted approximate rolling year ind®&xary as listed in Table
22.20.

Table 22.20 Rolling year fixed base Laspeyres aada@nally adjusted approximate rolling
year price indices

Y ear Month PLry Psaary Pary SAF

1971 12 1.100¢ 1.100¢ 1.097: 1.003:

1972 1 1.108: 1.108: 1.094: 1.012%
2 1.118: 1.118: 1.063¢ 1.051:
3 1.128" 1.128 1.069¢ 1.055:
4 1.136: 1.136: 1.109: 1.024:
5 1.143¢ 1.143¢ 1.106¢ 1.033¢
6 1.153( 1.153( 1.145¢ 1.006¢
7 1.164:¢ 1.164: 1.225: 0.950¢
8 1.175% 1.175% 1.275: 0.922(
9 1.181: 1.181: 1.292: 0.914:
10 1.188: 1.188: 1.248¢ 0.951;

August were taken, a better approximation to threuahindex could be obtained, and if an
average of the year-over-year monthly indices fprilAMay, June, July, August and
September were taken, an even better approximeatiold be obtained to the annual index,
and so on.

22 Thus if SAFis greater than one, this means that the two nsantthe middle of the
corresponding rolling year have year-over-yearsrafeprice increase that average out to a
number below the overall average of the year-oearyates of price increase for the entire
rolling year, and above the overall averagBAf-is less than one.



11 1.199¢ 1.199¢ 1.195¢ 1.003:

12 1.209: 1.208: 1.204¢ 1.003-
197¢ 1 1.218¢ 1.224¢ 1.20% 1.012%
2 1.230( 1.202¢ 1.143¢ 1.051%
3 1.242¢ 1.206( 1.142¢ 1.055%
4 1.254¢ 1.247: 1.217¢ 1.024:
5 1.268: 1.266¢ 1.225¢ 1.033¢
6 1.287( 1.270¢ 1.262( 1.006¢
7 1.307¢( 1.297¢ 1.365¢ 0.950¢
8 1.333¢ 1.336: 1.449¢ 0.922(
9 1.349: 1.3€58 1.494: 0.914:
10 1.366: 1.381: 1.451: 0.9517
11 1.393: 1.3828 1.378:¢ 1.0033
12 1.4144 1.4055 1.4010 1.0032

22,59 Comparing thé° sy andPsaarycoOlumns in Table 22.20, the rolling year fixeddas
Laspeyres indeX@ ry, and the seasonally adjusted approximate rolleay yndexPsaary are
identical for the first 12 observations, which éwlls by construction sind@saarvequals the
approximate rolling year indeRarv, multiplied by the seasonal adjustment faGéi~which

in turn is equal to the rolling year Laspeyres mnd&ry, divided byPary. However, starting

at December 1972, the rolling year indBxy, differs from the corresponding seasonally
adjusted approximate rolling year ind®saary It can be seen that for these last 13 months,
PsaaryiS surprisingly close t@ry.?®

Figure 22.3 Fixed base Laspeyres, seasonally adjagtproximate and approximate rolling
year indices
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Figure 22.3 showB\ry, Psaarvy@ndPary graphically. Because of the acceleration in the
monthly inflation rate for the last year of datagan be seen that the seasonally adjusted
approximate rolling year serid3saary does not pick up this accelerated inflation fatehe
first few months of the last year (it lies well bel P ry for February and March 1973) but, in
general, it predicts the corresponding centered geite well.

22.60 The above results for the modified Turvey dataasetquite encouraging. If these

22 The means for the last 13 observations in coluRgsandPary of Table 22.20 are 1.2980
and 1.2930. A regression Bf on Psaarvleads to af? of 0.9662 with an estimated variance
of the residual of .000214.



results can be replicated for other data sets,itheeans that statistical agencies can use the
latest information on year-over-year monthly infiatto predict reasonably well the
(seasonally adjusted) rolling year inflation rate 4 rolling year that is centered around the
last two months. Thus policy-makers and other egtd users of the CPI can obtain a
reasonably accurate forecast of trend inflatiomi@e=d around the current month) some six
months in advance of the final estimates beingutaied.

22.61 The method of seasonal adjustment used in thigosastrather crude compared to
some of the sophisticated econometric or statistiedghods that are available. Thus, these
more sophisticated methods could be used in oodengrove the forecasts of trend inflation.
If improved forecasting methods are used, howeter useful to use the rolling year indices
as targets for the forecasts, rather than usingtstical package that simultaneously
seasonally adjusts current data and calculatesd tate of inflation. What is being
suggested here is that the rolling year concepbeamsed in order to eliminate the lack of
reproducibility in the estimates of trend inflatihvat existing statistical methods of seasonal
adjustment generaté.

22.62 In this section and the previous ones, all the sstgygl indices have been based on
year-over-year monthly indices and their averalyethe subsequent sections of this chapter,
attention will be turned to more traditional pricelices that attempt to compare the prices in
the current month with the prices in a previous thon

Maximum overlap month-to-month price indices
22.63 A reasonable method for dealing with seasonal codities in the context of picking
a target index for a month-to-month CPI is thedwaihg:*

» Determine the set of commodities that is presetitermarketplace in both months of the
comparison.

» For this maximum overlap set of commodities, caltaibne of the three indices
recommended in previous chapters; i.e., calcuked-tsher, Walsh or Térngvist—Theil
index?®

Thus the bilateral index number formula is appbety to the subset of commodities that is
present in both periods.

24 The operator of a statistical seasonal adjustmpackage has to make somewhat arbitrary
decisions on many factors. For example, are theosed factors additive or multiplicative?
How long should the moving average be and what tf@erage should be calculated?
Thus different operators of the seasonal adjustipacitage will tend to produce different
estimates of the trend and the seasonal factors.

% For more on the economic approach and the assomspbin consumer preferences that can
justify month-to-month maximum overlap indices, #ewert (1999a, pp. 51-56).

26 For simplicity, only the Fisher index is considie detail in this chapter.

27 Keynes (1930, p. 95) called this the highest comfagtor method for making bilateral
index number comparisons. Of course, this targibirdrops those strongly seasonal
commodities that are not present in the marketpiiaceg one of the two months being
compared. Thus the index number comparison iseraptetely comprehensive. Mudgett
(1955, p. 46) called the “error” in an index numbemparison that is introduced by the
highest common factor method (or maximum overlagho®) the “homogeneity error”.



22.64 The question now arises: should the comparison imamd the base month be
adjacent months (thus leading to chained indiceshould the base month be fixed (leading
to fixed base indices)? It seems reasonable tepcbiined indices over fixed base indices
for two reasons:

« The set of seasonal commodities which overlapsiduwo consecutive months is likely
to be much larger than the set obtained by comgahia prices of any given month with
a fixed base month (such as January of a base y&a1ge the comparisons made using
chained indices will be more comprehensive andratedhan those made using a fixed
base.

* In many economies, on average 2 or 3 per centicé puotes disappear each month
because of the introduction of new commodities theddisappearance of older ones.
This rapid sample attrition means that fixed baskcies rapidly become
unrepresentative. Hence it seems preferable tochaeed indices which can more
closely follow marketplace developmefts.

22.65 It will be useful to review the notation at thisipoand define some new notation. Let
there beN commodities that are available in some month ofesgear and lgt,"™ andg,"™
denote the price and quantity of commoditthat is in the marketpladgin monthm of year

t (if the commaodity is unavailable, defipé™ andg."™ to be 0). Lep"™ = [p"™,p2"™,... pat™
andg'™ = [o:"™g"™,... "™ be the monthm and yeat price and quantity vectors,
respectively. Le§(t,m) be the set of commodities that is present in monof yeart and the
following month. Then the maximum overlap LaspeyRsasche and Fisher indices going
from monthm of yeart to the following month can be defined as follo#s:

z ptm+1 t,m
PP, p™ g™, S(tm)= ”]S(i”’ S m 12,

st (22.20)

pr:m+1qr:m+1

P( (Mol ot gy _ﬂ;n) 1.2
P p )p !q ’ ( ,m))— Z ptmqtmfl 123 1y,

o (22.21)
PF ( pt,m , pt,m+1’qt,m 'qt,m 1,S(t,m))

E\/PL(pt,m,pt,nwl’qt,mls(t,m)) ,J:( bm :bm 1 ’qm 1 ,S(t,l)

m=12,..,11
Note thatP,, P, andPr: depend on the two (complete) price and quantitgors pertaining to

(22.22)

2 This rapid sample degradation essentially foro@sesform of chaining at the elementary
level in any case.

29 As was seen in Chapter 20, it is necessary to Aaasget concept for the individual prices
and quantitiep,"™ andg."" at the finest level of aggregation. Under mostuwinstances,

these target concepts can be taken to be unityvéloleprices) and total quantities consumed
(for quantities).

% The formulae are slightly different for the indicthat go from December to January of the
following year.



monthsm andm+1 of yeart, pt™ p"™,g"™ g™, but they also depend on the Sgtm), which

is the set of commaodities that are present in baihths. Thus, the commodity indiceshat
are in the summations on the right-hand sides eatons (22.20) to (22.22) include indices
n that correspond to commodities that are preselmbinmonths, which is the meaning of
OS(t,m); i.e.,n belongs to the s&t,m).

22.66 In order to rewrite the definitions (22.20) to (22) in expenditure share and price
relative form, some additional notation is requirBdfine the expenditure shares of
commodityn in monthm andm+1 of yeart, using the set of commaodities that are present in
monthm of yeart and the subsequent month, as follows:

t,m t,m

sﬂ’m(t,m):% Mgtm m 12,1

e (22.23)
™t m) = Z'E’tm:ﬂtlw im Mgty me 12,1

ioSem A (22.24)

The notation in equations (22.23) and (22.24) tiselamessy becaus¢™?(t,m) has to be
distinguished frons,"™(t,m+1). The expenditure shas¢™(t,m) is the share of commaodity
n in monthm+1 of yeart wheren is restricted to the set of commaodities that aes@nt in
monthm of yeart and the subsequent month, whergd%*(t,m+1) is the share of commodity
n in monthnm+1 of yeart but wheren is restricted to the set of commodities that aes@nt in
monthnt1 of yeart and the subsequent month. Thus, the set of sujpsggn+1 in

s"™1(t,m) indicates that the expenditure share is calcdlaging the price and quantity data
of monthm+1 of yeart and {,m) indicates that the set of admissible commoditesstricted
to the set of commodities that are present in baththm of yeart and the subsequent
month.

22.67 Now define vectors of expenditure shares. If comitgadis present in mont of

yeart and the following month, defir@"™(t,m) using equation (22.23); if this is not the case,
defines,""(t,m) = 0. Similarly, if commaodityn is present in montm of yeart and the

following month, defines,"™(t,m) using equation (22.24); if this is not the cabsfine
s™(t,m) = 0. Now define th&-dimensional vectors™(t,m) =

[s*™(t,m),s""(t,M),...s"™(t,m)] ands"™(t,m) = [s,"™(t,m),s"™(t,m),... s\"™(t,m)]. Using
these share definitions, the month-to-month LaggeyPaasche and Fisher formulae (22.20)
to (22.22) can also be rewritten in expenditureeslaad price form as follows:

P|_ ( pt,m ,pt,m+l’§,m (t,m))E Z $m (t,m‘ r'bm+y nbn) m 1.2,
rostm (22.25)

R(pmpm g™ em)=| Y & (tnf) b nb”)'l} o 1,2,

n0S(Lm) (22.26)
< NE G
P pt,m,pt,m+1’§,m (t,m),é’m” A= nos(t,m = m 1,2,..,
z S;’m+1(t’mx Fi,mﬂ/ qm)
nOS(6m) (22.27)

22.68 It is important to recognize that the expendituraress,""(t,m) that appear in the
maximum overlap month-to-month Laspeyres indexrabefiby equation (22.25) are ribe



expenditure shares that could be taken from a ecoasexpenditure survey for montnof
yeart: instead, they are the shares that result affggreitures on seasonal commaodities that
are present in mont of yeart, but are not present in the following month, amepged.
Similarly, the expenditure sharg&™*(t,m) that appear in the maximum overlap month-to-
month Paasche index defined by equation (22.26)@tthe expenditure shares that could be
taken from a consumer expenditure survey for mamth of yeart: instead, they are the
shares that result after expenditures on seasonahodities that are present in monthl

of yeart, but are not present in the preceding month, arppdd®* The maximum overlap
month-to-month Fisher index defined by equationZ2pis the geometric mean of the
Laspeyres and Paasche indices defined by equ&Harb) and (22.26).

22.69 Table 22.21 lists the maximum overlap chained maeotimonth Laspeyres, Paasche
and Fisher price indices for the data listed inléal22.1 and 22.2. These indices are defined
by equations (22.25), (22.26) and (22.27).

Table 22.21 Month-to-month maximum overlap chaibagpeyres, Paasche and Fisher price
indices

Y ear Month P Pp Pe
197( 1 1.00(0 1.000( 1.000(
2 0.976¢ 0.978" 0.977:
3 0.958" 0.959: 0.959(
4 1.029( 1.053¢ 1.041:
5 1.144" 1.175: 1.159¢
6 1.111¢ 1.014¢ 1.062:
7 1.116" 1.010:¢ 1.062:
8 1.130° 0.792:¢ 0.946¢
9 1.003¢ 0.6717 0.820¢
10 0.999¢ 0.621: 0.788(
11 1.057¢ 0.628¢ 0.815¢
12 1.015: 0.5787 0.766¢
1971 1 1.070¢ 0.607¢ 0.806¢
2 1.041: 0.593¢ 0.786:
3 1.054¢ 0.600¢ 0.795¢
4 1.140¢ 0.656¢ 0.865¢
5 1.241¢ 0.715( 0.942:
6 1.185¢ 0.600¢ 0.843¢
7 1.2167 0.604¢ 0.857¢
8 1.223( 0.483¢ 0.769¢
9 1.057¢ 0.405¢ 0.654¢
10 1.049° 0.383" 0.634¢
11 1.124( 0.390¢ 0.662¢
12 1.040¢ 0.347: 0.600¢
1972 1 1.097¢ 0.365¢ 0.633¢
2 1.102° 0.367¢ 0.636¢

31t is important that the expenditure shares usaxhiindex number formula add up to unity.
The use of unadjusted expenditure shares from setald expenditure survey would lead to
a systematic bias in the index number formula.



3 1.129: 0.376¢ 0.652(
4 1.197 0.401¢ 0.693¢
5 1.281¢ 0.429( 0.741¢
6 1.21&2 0.355¢ 0.657¢
7 1.283¢ 0.363: 0.683:
8 1.253: 0.279¢ 0.591¢
9 1.044: 0.228: 0.488:
10 1.033¢ 0.220: 0.477:
11 1.108: 0.225¢ 0.500:
12 1.032: 0.199¢ 0.453¢
197:¢ 1 1.086¢ 0.209: 0.477¢
2 1.114( 0.215: 0.489:
3 1.153: 0.222¢ 0.50¢5
4 1.249: 0.239¢ 0.547«
5 1.331¢ 0.254 0.582:
6 1.259¢ 0.208¢ 0.512¢
7 1.358¢ 0.216( 0.541¢
8 1.325: 0.165¢ 0.468¢
9 1.063- 0.133( 0.376(
10 1.057« 0.132¢ 0.374¢
11 1.142¢ 0.137: 0.396:
12 1.0504 0.1204 0.3556

22.70 The chained maximum overlap Laspeyres, PaaschEiaher indices for December
1973 are 1.0504, 0.1204 and 0.3556, respectivelsngaring these results to the year-over-
year results listed in Tables 22.3, 22.4 and 22a5¢ 398) indicates that the results in Table
22.21 are not at all realistic. These hugely déferdirect indices compared with the last row
of Table 22.21 indicate that the maximum overlapaas suffer from a serious downward
bias for the artificial data set.

22.71 What are the factors that can explain this downvisgaid? It is evident that part of the
problem has to do with the seasonal pattern oéprior peaches and strawberries
(commodities 2 and 4). These are the commoditisaiie not present in the marketplace for
each month of the year. When these commoditietsi@some available, they come into the
marketplace at relatively high prices and thersubsequent months, their prices drop
substantially. The effects of these initially higices (compared to the relatively low prices
that prevailed in the last month that the commesditvere available in the previous year) are
not captured by the maximum overlap month-to-mamtiices, so the resulting indices build
up a tremendous downward bias. The downward bia®st pronounced in the Paasche
indices, which use the quantities or volumes ofdimeent month. Those volumes are
relatively large compared to the volumes in théahimonth when the commodities become
available, reflecting the effects of lower pricesstlae quantity dumped in the market
increases.

22.72 Table 22.22 lists the results using chained Lagsyaasche and Fisher indices for
the artificial data set where the strongly seasoaaimodities 2 and 4 are dropped from each
comparison of prices. Thus, the indices in Tabl222re the usual chained Laspeyres,
Paasche and Fisher indices restricted to commsditi8 and 5, which are available in each
season. The indices derived using these three cditiesare labele®, (3), Pr(3) andP:(3).



Table 22.22 Month-to-month chained Laspeyres, Peaand Fisher price indices

Y ear MonthP.(3) Ps(3) P:(3) P.(2 Pe(2) P:(2)

197( 1 1.000( 1.000( 1.000( 1.000( 1.000( 1.000(
2 0.976¢ 0.978: 0.977" 0.975: 0.978( 0.976¢
3 0.958: 0.959¢ 0.959( 0.952% 0.957< 0.954¢
4 1.029( 1.053¢ 1.041: 1.022: 1.051¢ 1.036¢
5 1.144° 1.175: 1.159¢ 1.137: 1.174¢ 1.155¢
6 1.207( 1.239¢ 1.223: 1.200¢ 1.242¢ 1.221¢
7 1.269¢ 1.304 1.286¢ 1.272¢ 1.320¢ 1.296¢
8 1.324¢ 1.153. 1.236: 1.341¢ 1.391¢ 1.366¢
9 1.0€3C 0.900¢ 0.978¢ 1.115¢ 1.138¢ 1.127:
10 0.975¢ 0.817: 0.893: 0.994¢ 1.008: 1.001¢
11 1.032¢« 0.827¢ 0.924: 0.983¢ 0.997¢ 0.990.
12 0.991: 0.761¢ 0.868. 0.921¢ 0.911( 0.916:

1971 1 1.045: 0.799: 0.914( 0.971: 0.956: 0.963.
2 1.016¢ 0.781: 0.8¢12 0.942( 0.933¢ 0.937¢
3 1.030( 0.790( 0.902( 0.950¢ 0.942¢ 0.946¢
4 1.113¢ 0.863¢ 0.980¢ 1.028¢ 1.030¢ 1.029¢
5 1.212: 0.940° 1.067¢ 1.119¢ 1.126( 1.122¢
6 1.263: 0.980¢ 1.113: 1.168: 1.176: 1.172¢
7 1.312% 1.017( 1.155¢ 1.226¢ 1.236¢ 1.2719
8 1.360: 0.938( 1.129¢ 1.281( 1.291: 1.286:
9 1.123: 0.753: 0.919¢ 1.105: 1.098¢ 1.102:
10 1.057¢ 0.704¢ 0.863: 1.019¢ 1.009: 1.014¢
11 1.132¢ 0.717: 0.901: 1.012¢ 1.003- 1.007¢
12 1.048: 0.637: 0.817¢ 0.914¢ 0.884: 0.899:

197 1 1.105¢ 0.671: 0.861¢ 0.965: 0.931: 0.948(
2 1.111¢ 0.675¢ 0.866: 0.966¢ 0.935¢ 0.951(
3 1.137: 0.691: 0.886¢ 0.986: 0.956: 0.971¢
4 1.206¢ 0.737: 0.943( 1.045¢ 1.020: 1.032¢
5 1.291¢ 0.787¢ 1.008¢ 1.120: 1.095: 1.107¢
6 1.350: 0.823¢ 1.054¢ 1.173: 1.147( 1.160(
7 1.409: 0.857" 1.099: 1.233¢ 1.206¢ 1.220:
8 1.418: 0.732: 1.019( 1.256: 1.229: 1.242°
9 1.186¢ 0.593¢ 0.839¢ 1.120¢ 1.085( 1.102¢
10 1.145( 0.569¢ 0.807¢ 1.061¢ 1.025: 1.043:
11 1.228: 0.583¢ 0.846¢ 1.059: 1.022: 1.040¢
12 1.143¢ 0.516: 0.768: 0.948( 0.893¢ 0.920¢

197¢ 1 1.203¢ 0.542¢ 0.808: 1.003: 0.940¢ 0.971¢
2 1.234: 0.556: 0.828¢ 1.024( 0.963¢ 0.993¢
3 1.277¢ 0.575¢ 0.857¢ 1.057: 0.995¢ 1.025¢
4 1.384: 0.620¢ 0.926¢ 1.145: 1.072¢ 1.108¢
5 1.475: 0.658: 0.985¢ 1.221: 1.144¢ 1.182:
6 1.539¢ 0.686¢ 1.028: 1.276: 1.195% 1.235¢
7 1.603¢ 0.713¢ 1.069¢ 1.339¢ 1.254: 1.296:
8 1.618¢ 0.611( 0.994 1.366: 1.279: 1.322(
9 1.3921 0.511¢ 0.844: 1.253( 1.164¢ 1.208:
10 1.390¢ 0.510¢ 0.842" 1.250¢ 1.160¢ 1.204¢
11 1.503: 0.530¢ 0.893( 1.264: 1.174: 1.218¢



12 1.3816 0.4637 0.8004 1.1159 1.0142 1.0638

22.73 The chained Laspeyres, Paasche and Fisher indisieg (Only the three always
present commodities) for January 1973 are 1.205382d and 0.8081, respectively. From
Tables 22.8, 22.9 and 22.10, the chained yearywarliaspeyres, Paasche and Fisher
indices for January 1973 are 1.3274, 1.3243 arigb8,3espectively. Thus the chained
indices using the always present commodities warehisted in Table 22.22 evidently suffer
from substantial downward biases.

22.74 If the data in Tables 22.1 and 22.2 are examirte@&n be seen that the quantities of
grapes (commodity 3) on the marketplace variesaretausly over the course of a year, with
substantial increases in price for the months wgrapes are almost out of season. Thus the
price of grapes decreases substantially as theityusnthe marketplace increases during the
last half of each year, but the annual substamigaéase in the price of grapes takes place in
the first half of the year when quantities in tharket are small. This pattern of seasonal
price and quantity changes will cause the ovenalx to take on a downward bi&g.0

verify that this conjecture is true, see the lasté columns of Table 22.22 where chained
Laspeyres, Paasche and Fisher indices are caltuisiteg only commodities 1 and 5. These
indices are labeleB.(2), P=(2) andP:(2), respectively, and for January 1973 they atakq

to 1.0033, 0.9408 and 0.9715, respectively. ThesBmates based on two always present
commodities are much closer to the chained year-pear Laspeyres, Paasche and Fisher
indices for January 1973, which were 1.3274, 1.32#%81.3258, respectively, than the
estimates based on the three always present coriesodli can be seen that the chained
Laspeyres, Paasche and Fisher indices restrictmohmodities 1 and 5 still have very
substantial downward biases for the artificial dsgt Basically, the problems are caused by
the high volumes associated with low or declininggs, and the low volumes caused by
high or rising prices. These weight effects maledbasonal price declines bigger than the
seasonal price increases using month-to-month indenber formulae with variable
weights®

22.75 In addition to the downward biases that show upahles 22.21 and 22.22, all of
these month-to-month chained indices show subsatas#asonal fluctuations in prices over
the course of a year. Hence these month-to-moudibes are of little use to policy-makers

%2 Andrew Baldwin (1990, p. 264) used the Turvey dati#lustrate various treatments of
seasonal commodities and discusses what causesvanonth-to-month indices to behave
badly: “It is a sad fact that for some seasonalroority groups, monthly price changes are
not meaningful, whatever the choice of formula”.

¥ This remark has an application to Chapter 20 emehtary indices where irregular sales
during the course of a year could induce a sintitawrnward bias in a month-to-month index
that used monthly weights. Another problem with theto-month chained indices is that
purchases and sales of individual commodities esoime quite irregular as the time period
becomes shorter and shorter, and the problem offmechases and sales becomes more
pronounced. Feenstra and Shapiro (2003, p. 12&xfinupward bias for their chained
weeklyindices for canned tuna compared to a fixed badexirtheir bias was caused by
variable weight effects resulting from the timinigaglvertising expenditures. In general,
these drift effects of chained indices can be redury lengthening the time period, so that
the trends in the data become more prominent th@high frequency fluctuations.



who are interested in short-term inflationary trenthus, if the purpose of the month-to-
month CPIl is to indicate changes in general irdlatthen statistical agencies should be
cautious about including commodities that showrgjreeasonal fluctuations in prices in the
month-to-month indeX: If seasonal commodities are included in a monthrtmth index

that is meant to indicate general inflation, theseasonal adjustment procedure should be
used to remove these strong seasonal fluctuatBmme simple types of seasonal adjustment
procedures are considered in paragraphs 22.91.96.22

22.76 The rather poor performance of the month-to-montlices listed in Tables 22.21 and
22.22 does not always occur in the context of sedsmmmodities. In the context of
calculating import and export price indices usinguderly data for the United States,
Alterman, Diewert and Feenstra (1999) found thatimam overlap month-to-month indices
worked reasonably welf.Statistical agencies should check that their meotimonth indices
are at least approximately consistent with theesponding year-over-year indices.

22.77 Obviously the various Paasche and Fisher indicegpated in this section could be
approximated by indices that replaced all curremiqal expenditure shares by the
corresponding expenditure shares from the base Vbase approximate Paasche and Fisher
indices will not be reproduced here since theymdse their “true” counterparts and hence
are also subject to tremendous downward bias.

Annual basket indiceswith carry forward of unavailable prices
22.78 Recall that the Lowe (1823) index defined in earieapters had two reference
periods?®
» areference period for the vector of quantity wisgh
» areference period for the base period prices.
The Lowe index for montm is defined by the following formula:

N N
Po(P% P, @) =2 prd, / D Pt

n=1 n=1 (22.28)
wherep® = [p?,...,;n7] is the base month price vectpf,= [p:™,...,pn™ is the current month
m price vector, and = [q,...,0n] IS the base year reference quantity vector. Fepurposes
of this section, where the modified Turvey dataisetsed to illustrate the index numerically,
the base year will be taken to be 1970. The regulinse year quantity vector turns out to be:
g=[0y...,05] = [53889, 12881, 9198, 5379, 68653] (22.29)

3 1f the purpose of the index is to compare thegwithat consumers actualfce in two
consecutive months, ignoring the possibility tteg tonsumer may regard a seasonal good as
being qualitatively different in the two monthseththe production of a month-to-month CPI
that has large seasonal fluctuations can be jedtifi

% They checked the validity of their month-to-moimttlices by cumulating them for four
quarters and comparing them to the correspondiaggeer-year indices, and found only
relatively small differences. However, note thaegular high-frequency fluctuations will
tend to be smaller for quarters than for monthd,l@nce chained quarterly indices can be
expected to perform better than chained monthlyeekly indices.

% In the context of seasonal price indices, thigtgpindex corresponds to Bean and Stine’s
(1924, p. 31) Type A index.



The base period for the prices will be taken t@keeember 1970. For prices that are not
available in the current month, the last availairiee is carried forward. The resulting Lowe
index with carry forward of missing prices using tnodified Turvey data set can be found
in theP., column of Table 22.23 on p. 412.

22.79 Andrew Baldwin’s (1990, p. 258) comments on thigetyf annual basket (AB) index

are worth quoting at length:
For seasonal goods, the AB index is best considmmeddex partially adjusted for seasonal variation
It is based on annual quantities, which do noefthe seasonal fluctuations in the volume of
purchases, and on raw monthly prices, which dorpmate seasonal price fluctuations. Zarnowitz
(1961, pp. 256-257) calls it an index of “a hybsatt”. Being neither of sea nor land, it does not
provide an appropriate measure either of monthlj/Zomonth price change. The question that an AB
index answers with respect to price change fromaignto February say, or January of one year to
January of the next, is “What would the changeonstimer prices have been if there were no
seasonality in purchases in the months in quedtiainprices nonetheless retained their own seasonal
behaviour?” It is hard to believe that this is @sfion that anyone would be interested in asking. O
the other hand, the 12 month ratio of an AB indagda on seasonally adjusted prices would be
conceptually valid, if one were interested in efiating seasonal influences.

Despite Baldwin’s somewhat negative comments or.tvee index, it is the index that is
preferred by many statistical agencies, so it essary to study its properties in the context
of strongly seasonal data.

22.80 Recall that the Young (1812) index was definedariier chapters as follows:

N

R(P"F" 9= s( /B

n=1 (22.30)
wheres = [s,,...,5\] is the base year reference vector of expendgheges. For the purposes
of this section, where the modified Turvey dataisetsed to numerically illustrate the index,
the base year will be taken to be 1970. The regulinse year expenditure share vector turns
out to be:
S=[s,...,S] = [0.3284, 0.1029, 0.0674, 0.0863, 0.4149] (2p.31
Again, the base period for the prices will be tat@be December 1970. For prices that are
not available in the current month, the last avd@aorice is carried forward. The resulting
Young index with carry forward of missing pricesngsthe modified Turvey data set can be
found in thePy column of Table 22.23.

22.81 The geometric Laspeyres index is defined in Chalfeas follows:
N
Pe (%, P",9) = |‘|(p,2“/ )™
n= (22.32)

Thus the geometric Laspeyres index makes use &ame information as the Young index
except that a geometric average of the price weatis taken instead of an arithmetic one.
Again, the base year is taken to be 1970 and tbe jpariod for prices is taken to be
December 1970. The index is illustrated using tloelifred Turvey data set with carry
forward of missing prices; see tRe. column of Table 22.23.

22.82 Itis of interest to compare the above three irgltbat use annual baskets to the fixed
base Laspeyres rolling year indices computed eafilee rolling year index that ends in the
current month is centered five-and-a-half monthskia@rds. Hence the above three annual
basket type indices will be compared with an arghimaverage of two rolling year indices
that have their last month five and six months fnav This latter centered rolling year index
is labeledPcryand is listed in the last column of Table 2222Rote the zero entries for the



last six rows of this column; the data set doesemtgénd six months into 1975, so the
centered rolling year indices cannot be calculédethese last six months.

Table 22.23 Lowe, Young, geometric Laspeyres anteced rolling year indices with carry
forward prices

Y ear Month PLo Py PoL Pcry
1970 12 1.000( 1.000( 1.000( 1.000(
1971 1 1.055¢ 1.060¢ 1.059¢ 1.009:
2 1.071: 1.080¢ 1.073( 1.017¢
3 1.150( 1.145: 1.118° 1.024:
4 1.225: 1.227: 1.194: 1.029¢
5 1.348¢ 1.365: 1.324¢ 1.038¢
6 1.442¢ 1.448" 1.406¢ 1.047¢
7 1.378¢ 1.405¢ 1.381¢ 1.054"
8 1.337¢ 1.379: 1.340¢ 1.063:
9 1.195: 1.218" 1.195¢ 1.072¢
10 1.154: 1.166: 1.150° 1.081«¢
11 1.163¢ 1.172¢ 1.164¢ 1.088¢
12 1.082¢ 1.093: 1.090( 1.096¢
1972 1 1.137( 1.152: 1.146¢ 1.106¢
2 1.173: 1.189° 1.181( 1.117¢
3 1.245¢ 1.253¢ 1.236: 1.125¢
4 1.315¢ 1.326¢ 1.301¢ 1.131:
5 1.426: 1.450¢ 1.418: 1.140:
6 1.579( 1.586( 1.544¢ 1.150:
7 1.529° 1.555( 1.534¢ 1.159:
8 1.441¢ 1.485: 1.445¢ 1.169(
9 1.303¢ 1.334: 1.297¢ 1.1€06
10 1.275: 1.296( 1.266¢ 1.192¢
11 1.285: 1.303¢ 1.284¢ 1.204¢
12 1.184¢ 1.203: 1.193¢ 1.220:
1972 1 1.242" 1.271( 1.251¢ 1.238¢
2 1.300:s 1.330¢ 1.310¢ 1.260¢
3 1.369¢ 1.395: 1.373¢ 1.280¢
4 1.469: 1.492: 1.467¢ 1.296¢
5 1.597: 1.€32¢ 1.596: 1.317¢
6 1.848( 1.854: 1.790¢ 1.340¢
7 1.770¢ 1.801( 1.771: 0.000(
8 1.677¢ 1.726¢ 1.674¢ 0.000(
9 1.525: 1.567¢ 1.507: 0.000(
10 1.537: 1.574¢ 1.515¢ 0.000(
11 1.563¢ 1.598" 1.552¢ 0.000(
12 1.4181 1.4521 1.4236 0.0000

22.83 It can be seen that the Lowe, Young and geometrspeyres indices have a

37 This series is normalized to equal 1 in DecemB&01so that it is comparable to the other
month-to-month indices.



considerable amount of seasonality in them andod@tnall approximate their rolling year
counterparts listed in the last column of Table232 Hence, without seasonal adjustment,
the Lowe, Young and geometric Laspeyres indicesiarsuitable predictors for their
seasonally adjusted rolling year counterp®rihe four serie\,, Py, Po. andPcry, listed in
Table 22.23 are also plotted in Figure 22.4. Itlsarseen that the Young price index is
generally the highest, followed by the Lowe indekjle the geometric Laspeyres is the
lowest of the three month-to-month indices. Thet@ed rolling year Laspeyres counterpart
index, Pcry, is generally below the other three indices (aihcbarse does not have the strong
seasonal movements of the other three seriesit, fmotves in a roughly parallel fashion to
the other three indicé8 Note that the seasonal movement®ef Py, andPg. are quite

regular. This regularity is exploited in paragragBs91 to 22.96 in order to use these month-
to-month indices to predict their rolling year ctenparts.

Figure 22.4 Lowe, Young, geometric Laspeyres amdeced rolling year Laspeyres indices
with carry forward prices
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22.84 Part of the problem may be the fact that the prafetrongly seasonal goods have
been carried forward for the months when the comitiesdare not available. This will tend
to add to the amount of seasonal movements imthiedas, particularly when there is high
general inflation. Thus in the following sectiohetLowe, Young and geometric Laspeyres
indices are computed again using an imputation ooketbr the missing prices rather than
simply carrying forward the last available price.

Annual basket indiceswith imputation of unavailable prices

22.85 Instead of simply carrying forward the last avaiaprice of a seasonal commodity
that is not sold during a particular month, it @spible to use an imputatiomethod to fill in

the missing prices. Alternative imputation methads discussed by Armknecht and Maitland-

% The sample means of the four indices are 1.298%/¢l), 1.3110 (Young), 1.2877
(geometric Laspeyres) and 1.1282 (rolling year)cQirse, the geometric Laspeyres indices
will always be equal to or less than their Youngrderparts, since a weighted geometric
mean is always equal to or less than the correspgmreeighted arithmetic mean.

3 |In paragraphs 22.91 to 22.96, the Lowe, Younggeuinetric Laspeyres indices are
seasonally adjusted.

“%In Figure 22.4Pcryis artificially set equal to the June 1973 valaethe index, which is
the last month that the centered index can be aret from the available data.



Smith (1999) and Feenstra and Diewert (2001). Hsgclidea is to take the last available
price and impute prices for the missing periods)githe trend of another index. This other
index could be an index of available prices fordlkaeral category of commodity or higher-
level components of the CPI. For the purposesisfaiction, the imputation index is taken to
be a price index that grows at the multiplicatisgerof 1.008, since the fixed base rolling
year Laspeyres indices for the modified Turvey datagrow at approximately 0.8 per cent
per montht! Using this imputation method to fill in the misgiprices, the Lowe, Young and
geometric Laspeyres indices defined in the prevsmasion can be recomputed. The resulting
indices are listed in Table 22.24, along with thatered rolling year indeRcry for

comparison purposes.

Table 22.24: Lowe, Young, geometric Laspeyres amdered rolling year indices with
imputed prices

Y ear Month PLol Py PaLi Pcry
1970 12 1.000( 1.000( 1.000( 1.000(
1971 1 1.056¢ 1.062 1.061: 1.009:
2 1.074: 1.083¢ 1.076: 1.017¢
3 1.154: 1.149¢ 1.123¢ 1.024:
4 1.231: 1.233¢ 1.201¢ 1.029¢
5 1.352¢ 1.368: 1.329¢ 1.038t¢
6 1.440¢ 1.446¢ 1.4047 1.047¢
7 1.376¢ 1.403¢ 1.379¢ 1.054"
8 1.336¢ 1.378¢ 1.339¢ 1.063:
9 1.194¢ 1.218° 1.195¢ 1.072¢
10 1.154¢ 1.167( 1.151¢ 1.081¢
11 1.166: 1.174, 1.167: 1.088¢
12 1.086: 1.097: 1.093¢ 1.096¢
197z 1 1.142¢ 1.158( 1.152: 1.106¢
2 1.180: 1.197: 1.188t¢ 1.117¢
3 1.254: 1.263( 1.246: 1.125¢
4 1.326( 1.337¢ 1.314: 1.131:
5 1.430¢ 1.454: 1.424: 1.140:
6 1.576¢ 1.583: 1.542: 1.150:
7 1.527: 1.552; 1.532¢ 1.159:
8 1.440: 1.484: 1.444. 1.169(
9 1.303¢ 1.334: 1.297. 1.180¢
10 1.275¢ 1.297( 1.267¢ 1.192«
11 1.287¢ 1.306: 1.287: 1.204¢
12 1.188t¢ 1.207¢ 1.198: 1.220:
197:< 1 1.250¢ 1.279: 1.260: 1.238¢
2 1.311¢ 1.342¢ 1.323( 1.260¢
3 1.385: 1.410¢ 1.390¢ 1.280¢
4 1.488: 1.511¢ 1.490° 1.296¢
5 1.606¢ 1.6410 1.609¢ 1.317¢
6 1.845: 1.850¢ 1.787 1.340¢
7 1.767¢ 1.798: 1.768¢ 0.000(

“1 For the last year of data, the imputation indeasisalated by an additional monthly growth
rate of 1.008.



8 1.677: 1.726: 1.674: 0.000(

9 1.527: 1.570( 1.509( 0.000(
10 1.541( 1.579: 1.519¢ 0.000(
11 1.571¢ 1.607¢ 1.561: 0.000(
12 1.4307 1.4651 1.4359 0.0000

22.86 As could be expected, the Lowe, Young and geome#speyres indices that use
imputed prices are on average somewhat hitytaar their counterparts that use carry forward
prices, but the variability of the imputed indidgegenerally a little lowet? The series listed

in Table 22.24 are also plotted in Figure 22.8al be seen that the Lowe, Young and
geometric Laspeyres indices that use imputed pstiksave a huge amount of seasonality

in them and do not closely approximate their rgliyear counterparts listed in the last

column of Table 22.2# Hence, without seasonal adjustment, the Lowe, Yand

geometric Laspeyres indices using imputed pricesat suitable predictors for their
seasonally adjusted rolling year counterpdrfss these indices stand, they are not suitable as
measures of general inflation going from month tmth.

Figure 22.5 Lowe, Young and geometric Laspeyreb imiputed prices and centered rolling
year indices
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Bean and Stine Type C or Rothwell indices
22.87 The final month-to-month indéxthat is considered in this chapter is Bean and

42 For the Lowe indices, the mean for the first 3asliations increases (with imputed prices)
from 1.3009 to 1.3047, but the standard deviatexrebses from 0.18356 to 0.18319. For the
Young indices, the mean for the first 31 observetimcreases from 1.3186 to 1.3224, but
the standard deviation decreases from 0.187811&¥B0. For the geometric Laspeyres
indices, the mean for the first 31 observationsaases from 1.2949 to 1.2994, and the
standard deviation also increases slightly fron7B8R to 0.17599. The imputed indices are
preferred to the carry forward indices on generaithomdological grounds; in high-inflation
environments, the carry forward indices will bejsgbto sudden jumps as the previously
unavailable commodities become available.

43 Note also that Figures 22.4 and 22.5 are verjl@imi

4 In paragraphs 22.91 to 22.96, the Lowe, Younggauinetric Laspeyres indices using
imputed prices are seasonally adjusted.



Stine Type §1924; p. 31) oRothwell(1958; p. 72) indef€ This index makes use of
seasonabaskets in the base year, denoted as the veftbfer the monthsn=1,2,...,12.
The index also makes use of a vector of base yaavalue pricesp® = [p.°,...,ps"], where
thenth price in this vector is defined as:

12
0,m ~0,m
> P

pgfmzllz— n=1,..,5
2"
m=1 (22.33)
The Rothwell price index for month m in yeazan now be defined as follows:
i pt,mqo,m
PP’ P f7)=—— m= 1,12
z quO,m
n=1 (22.34)

Thus as the month changes, the quantity weightthéomdex change, and hence the month-
to-month movements in this index are a mixturerafepand quantity changés.

22.88 Using the modified Turvey data set, the base y@ahosen to be 1970 as usual and
the index is started off at December 1970. The WellhindexPr is compared to the Lowe
index with carry forward of missing price3,0, in Table 22.25. To make the series slightly
more comparable, theormalized Rothwell indeRyr is also listed in Table 22.25; this index
is simply equal to the original Rothwell index dleid by its first observation.

Table 22.25 The Lowe with carry forward prices, iRe¢ll and normalized Rothwell indices

Y ear Month PLo Pnr Pr
1970 12 1.000( 1.000( 0.975(
1971 1 1.055: 1.057: 1.030¢
2 1.071: 1.023¢ 0.997¢
3 1.150( 1.032¢ 1.006¢
4 1.225: 1.128¢ 1.100¢
5 1.348¢ 1.304¢ 1.272(
6 1.442¢ 1.207: 1.177:
7 1.378¢ 1.263¢ 1.231¢
8 1.337¢ 1.230¢ 1.199°
9 1.195: 1.0531 1.026¢
10 1.154: 1.033¢ 1.007%
11 1.163¢ 1.143: 1.114¢
12 1.082¢ 1.084¢ 1.0571
1972 1 1.137( 1.150( 1.121:

4> For other suggested month-to-month indices irsd@sonal context, see Balk (1980a;
1980b; 1980c; 1981).

¢ This is the index favoured by Baldwin (1990, p1RZnd many other price statisticians in
the context of seasonal commodities.

4" Rothwell (1958, p. 72) showed that the month-taithanovements in the index have the
form of an expenditure ratio divided by a quanititgex.



2 1.173: 1.150¢ 1.121¢
3 1.245:¢ 1.175: 1.145¢
4 1.315¢ 1.256: 1.224°
5 1.426: 1.424: 1.388¢
6 1.579( 1.306¢ 1.273:
7 1.529: 1.407: 1.371¢
8 1.441¢ 1.349¢ 1.315¢
9 1.303¢ 1.109( 1.081:
10 1.275: 1.119. 1.091:
11 1.285: 1.271¢ 1.239¢
12 1.184 1.196( 1.166:
197¢ 1 1.242: 1.266¢ 1.234¢
2 1.300¢ 1.297: 1.264°
3 1.369¢ 1.346: 1.313(
4 1.469: 1.4658 1.429:
5 1.597: 1.649: 1.607¢
6 1.848( 1.498: 1.461%
7 1.770¢ 1.656¢ 1.615¢
8 1.677¢ 1.630¢ 1.589¢
9 1.525: 1.268: 1.236¢
10 1.537: 1.333: 1.299¢
11 1.563¢ 1.565: 1.526:
12 1.4181 1.4505 1.4143

22.89 Figure 22.6, which plots the Lowe index with thergdorward of the last price and
the normalized Rothwell index, shows that the Rethmdex has smaller seasonal
movements than the Lowe index, and is less volatilgeneraf? It is evident that there are
still large seasonal movements in the Rothwellxn@ad it may not be a suitable index for
measuring general inflation without some sort @semal adjustment.

Figure 22.6 The Lowe and normalized Rothwell pimcices
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22.90 In the following section, the annual basket typdiges (with and without imputation)
defined in paragraphs 22.78 to 22.86 will be sealbpadjusted using essentially the same

“8 For all 37 observations in Table 22.25, the Lomgek has a mean of 1.3465 and a
standard deviation of 0.20313, while the normaliRethwell index has a mean of 1.2677
and a standard deviation of 0.18271.



method that was used in paragraphs 22.55 to 22.62.

Forecasting rolling year indices using month-to-month annual basket indices

22.91 Recall Table 22.23 showing the Lowe, Young, geomé&gispeyres (using carry
forward prices) and the centered rolling year iaditor the 37 observations running from
December 1970 to December 19173, Py, Pc. andPcry, respectively. For each of the first
three series, define a seasonal adjustment f&Adt,as the centered rolling year ind€gy,
divided byP.., Py andPg., respectively, for the first 12 observations. Nimweach of the
three series, repeat these 12 seasonal adjustastoits for observations 13 to 24, and then
repeat them again for the remaining observationes& operations will create thi8AF
series for all 37 observations (label th&mF,, SAF andSARs, respectively). Only the first
12 observations in thig,, Py, Pc. andPcry series are used to create the tI8A& series.
Finally, defineseasonally adjusted Lowe, Young and geometric lyaspendicesy
multiplying each unadjusted index by the approprsgasonal adjustment factor:

PrLosa =PLo SAk, Rsa=Py SAK Rsisa =PaL SARsL (22.35)

These three seasonally adjusted annual baskeirgjpes are listed in Table 22.26 along
with the target index, the centered rolling yealeix, Pcry.

Table 22.26 Seasonally adjusted Lowe, Young andhgetc Laspeyres indices with carry
forward prices and the centered rolling year index

Y ear Month PLosa Pvsa PacLsa Pcry
1970 12 1.000( 1.000( 1.000( 1.000(
1971 1 1.009: 1.009: 1.0091 1.009:
2 1.017¢ 1.017¢ 1.017¢ 1.017¢
3 1.024: 1.024: 1.024: 1.024:
4 1.029¢ 1.029¢ 1.029¢ 1.029¢
5 1.038t¢ 1.038t¢ 1.038t¢ 1.038t¢
6 1.047¢ 1.047¢ 1.047¢ 1.047¢
7 1.054° 1.054° 1.054° 1.054"
8 1.063: 1.063: 1.063: 1.063:
9 1.072¢ 1.072¢ 1.072¢ 1.072¢
10 1.081¢ 1.081¢ 1.081¢ 1.081¢
11 1.088¢ 1.088¢ 1.088¢ 1.088¢
12 1.082« 1.093: 1.090( 1.096¢
197z 1 1.087: 1.096( 1.091¢ 1.106¢
2 1.114¢ 1.120; 1.120¢ 1.117¢
3 1.109: 1.121¢ 1.131¢ 1.125¢
4 1.105% 1.113: 1.122¢ 1.1313
5 1.098: 1.103¢ 1.112( 1.140:
6 1.146, 1.147: 1.150¢ 1.150:
7 1.170: 1.166 1.171¢ 1.159:
8 1.145¢ 1.144: 1.146: 1.169(
9 1.170: 1.174¢ 1.164: 1.180¢
10 1.194¢ 1.201° 1.190¢ 1.192«
11 1.201¢ 1.210: 1.200¢ 1.204¢
12 1.184: 1.203: 1.193¢ 1.220:
197:¢ 1 1.188: 1.208¢ 1.192: 1.238¢
2 1.235% 1.253¢ 1.243: 1.260¢

3 1.220: 1.247: 1.257¢ 1.280¢



4 1.234¢ 1.252: 1.265¢ 1.296¢
5 1.229¢ 1.242:¢ 1.251¢ 1.317¢
6 1.342: 1.341( 1.333¢ 1.340¢
7 1.354: 1.351% 1.351¢ 0.000(
8 1.3534 1.330: 1.327¢ 0.000(
9 1.369: 1.380( 1.352¢ 0.000(
10 1.440( 1.460: 1.424: 0.000(
11 1.462: 1.484¢ 1.450¢ 0.000(
12 1.4181 1.4521 1.4236 0.0000

22.92 The four series in Table 22.26 coincide for thestfl2 observations, which follows
from the way the seasonally adjusted series wdieatk Also, the last six observations are
missing for the centered rolling year seriesy, since data for the first six months of 1974
would be required in order to calculate all theskek values. Note that from December 1971
to December 1973, the three seasonally adjustagbabasket type indices can be used to
predict the corresponding centered rolling yeariesitsee Figure 22.7 for plots of these
predictions. What is remarkable in Table 22.26 Bigire 22.7 is that the predicted values of
these seasonally adjusted series are fairly ctoigetcorresponding target index valéies.
This result is somewhat unexpected since the arraskiet indices use price information for
only two consecutive months, whereas the correspgragntered rolling year index uses
price information for some 25 montffdt should be noted that the seasonally adjusted
geometric Laspeyres index is generally the bestipi@ of the corresponding rolling year
index for this data set. It can be seen from FI@Q#& that for the first few months of 1973,
the three month-to-month indices underestimateé&mered rolling year inflation rate, but

by the middle of 1973, the month-to-month indicesreght on target:

Figure 22.7 Seasonally adjusted Lowe, Young andngéuc Laspeyres indices with carry
forward prices and the centered rolling year index

4% For observations 13 to 31, the seasonally adjussgds can be regressed on the centered
rolling year series. For the seasonally adjustedeLmdex, arR? of 0.8816 is obtained; for
the seasonally adjusted Young indexR&of 0.9212 is obtained; and for the seasonally
adjusted geometric Laspeyres indexRanf 0.9423 is obtained. These fits are not as gsod
the fit obtained in paragraphs 22.55 to 22.62, wliee seasonally adjusted approximate
rolling year index is used to predict the fixeddasaspeyres rolling year index. THRSis
0.9662; recall the discussion of Table 22.20.

0 For seasonal data sets that are not as regulae asodified Turvey data set, the predictive
power of the seasonally adjusted annual basketitygjpees may be considerably less; i.e., if
there are abrupt changes in the seasonal pattgmicet, these month-to-month indices
cannot be expected to accurately predict a roliggy index.

°1 Recall that the last six monthsRdry have been artificially held constant; six months o
data for 1974 would be required to evaluate thes¢eced rolling year index values, but
these data are not available.
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22.93 The above manipulations can be repeated, replaéleengarry forward annual basket
indices by their imputed counterparts; i.e., ugeitiiormation in Table 22.24 (instead of
Table 22.23) and in Table 22.27 (instead of TaBl2®&). A seasonally adjusted version of
the Rothwell index presented in the previous saatiay also be found in Table 22 Z7he
five series in Table 22.27 are also representegohgeally in Figure 22.8.

Table 22.27 Seasonally adjusted Lowe, Young anchgétc Laspeyres indices with imputed
prices, seasonally adjusted Rothwell and centeridg year indices

Y ear Month PLosa Pvsa PoLsa ProTHsa Pcry

1970 12 1.000( 1.000( 1.000( 1.000( 1.000(

1971 1 1.009: 1.009: 1.009: 1.009: 1.009:
2 1.017¢ 1.017¢ 1.017¢ 1.017¢ 1.C17¢
3 1.024: 1.024: 1.024: 1.024: 1.024:
4 1.029¢ 1.029¢ 1.029¢ 1.029¢ 1.029¢
5 1.038¢ 1.038¢ 1.038¢ 1.038¢ 1.038¢
6 1.047¢ 1.047¢ 1.047¢ 1.047¢ 1.047¢
7 1.0547 1.054° 1.054° 1.054° 1.0547
8 1.063: 1.063: 1.063: 1.063: 1.063:
9 1.072¢ 1.072¢ 1.072¢ 1.072¢ 1.072¢
10 1.081«¢ 1.081«¢ 1.081«¢ 1.081«¢ 1.081«¢
11 1.088¢ 1.088¢ 1.088¢ 1.088¢ 1.088¢
12 1.086: 1.097: 1.093¢ 1.084¢ 1.096¢

1972 1 1.090¢ 1.099¢ 1.095¢ 1.097¢ 1.106¢
2 1.118¢ 1.124¢ 1.124. 1.144. 1.1174
3 1.112¢ 1.125( 1.135¢ 1.165. 1.125¢
4 1.109: 1.116° 1.126¢ 1.146( 1.131:
5 1.098¢ 1.104: 1.112¢ 1.134: 1.140:
6 1.146° 1.146¢ 1.150¢ 1.133¢ 1.150:
7 1.170: 1.166¢ 1.171¢ 1.174¢ 1.159:
8 1.145, 1.144: 1.146: 1.165¢ 1.169(
9

1.170¢ 1.174¢ 1.164: 1.129¢ 1.1¢06

10 1.194. 1.201¢ 1.190¢ 1.171¢ 1.192¢
11 1.201¢ 1.210¢ 1.200¢ 1.210¢ 1.204¢
12 1.188¢ 1.207¢ 1.198: 1.196( 1.220:

2 The same seasonal adjustment technique as wasddly equations (22.35) was used.



197¢ 1 1.194: 1.214¢ 1.198:¢ 1.208¢ 1.238¢
2 1.243: 1.261: 1.251¢ 1.290: 1.260¢
3 1.228¢ 1.256¢ 1.267. 1.335¢ 1.280¢
4 1.244; 1.262: 1.277¢ 1.337: 1.296¢
5 1.233¢ 1.245¢ 1.257¢ 1.313: 1.317¢
6 1.342: 1.340¢ 1.333¢ 1.300: 1.340¢
7 1.354: 1.351( 1.351¢ 1.383: 0.000(
8 1.334: 1.330¢ 1.328¢ 1.408: 0.000(
9 1.371: 1.382: 1.354: 1.292: 0.000(
10 1.443( 1.463¢ 14271 1.394¢ 0.000(
11 1.466¢ 1.489¢ 1.456( 1.490: 0.000(
12 1.4307 1.4651 1.4359 1.4505 0.0000

Figure 22.8 Seasonally adjusted Lowe, Young andngéac Laspeyres indices with imputed
prices, seasonally adjusted Rothwell and centaiiidg year indices
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22.94 Again, the seasonally adjusted annual basket tyglieas listed in th@,,ss Pysaand
PsLsacolumns of Table 22.27 (using imputations foriesing prices) are reasonably close
to the corresponding centered rolling year indsteti in the last column of Table 2227.
The seasonally adjusted geometric Laspeyres irgdtieiclosest to the centered rolling year
index, and the seasonally adjusted Rothwell indgke furthest away. The three seasonally
adjusted month-to-month indices that use annuajgjP,.ss PysaandPg s4 dip below the
corresponding centered rolling year indB¥gy, for the first few months of 1973 when the
rate of month-to-month inflation suddenly increaseg by the middle of 1973, all four
indices are fairly close to each other. The sedoadjusted Rothwell does not do a very
good job of approximatinBcry for this particular data set, although this cdogda function

of the rather simple method of seasonal adjustthents used.

22.95 Comparing the results in Tables 22.26 and 22c¢antbe seen that, for the modified
Turvey data set, it did not make a great deal ié@ince whether missing prices are carried

3 For observations 13 to 31, the seasonally adjustgds can be regressed on the centered
rolling year series. For the seasonally adjustedeLimdex, arR?> of 0.8994 is obtained; for

the seasonally adjusted Young indexRaof 0.9294 is obtained; and for the seasonally
adjusted geometric Laspeyres indexRanf 0.9495 is obtained. For the seasonally adjusted
Rothwell index, arR? of 0.8704 is obtained, which is lower than theeottfiree fits. For the
Lowe, Young and geometric Laspeyres indices usimmuied prices, thes$& are higher than
those obtained using carry forward prices.



forward or imputed; the seasonal adjustment fagimised up the lumpiness in the
unadjusted indices that occurs if the carry forwaethod is used. Nevertheless, the three
month-to-month indices that used annual weightsipdited prices did predict the
corresponding centered rolling year indices someéwlter than the three indices that used
carry forward prices. Hence, the use of imputedgsriover carry forward prices is
recommended.

22.96 The conclusions that emerge from this section ateer encouraging for statistical
agencies that wish to use an annual basket ty ias their flagship indeX.It appears that
for commodity groups that have strong seasonalityannual basket type index for this group
can be seasonally adjustednd the resulting seasonally adjusted index vedmebe used as

a price relative for the group at higher stagesggfregation. The preferred type of annual
basket type index appears to be the geometric espéndex rather than the Lowe index,
but the differences between the two are not langéhis data set.

Conclusion

22.97 A number of tentative conclusions can be drawn ftioeresults of the previous

sections in this chapter:

* The inclusion of seasonal commodities in maximurmrikap month-to-month indices will
frequently lead to substantial biases. Hence, aritess maximum overlap month-to-
month indices using seasonal commodities cumulatea year are close to their year-
over-year counterparts, the seasonal commoditimsdive excluded from the month-to-
month index or the seasonal adjustment procedugggested in paragraphs 22.91 to
22.96 should be used.

« Year-over-year monthly indices can always be coogtd even if there are strongly
seasonal commoditi@&&Many users will be interested in these indicesiaunweer, these
indices are the building blocks for annual indiaad for rolling year indices. Statistical
agencies should compute these indices, which mégheéed “analytic series” in order to
prevent user confusion with the primary month-toathoCPI.

* Rolling year indices should also be made availablanalytic series. These indices will
give the most reliable indicator of annual inflatiat a monthly frequency. This type of
index can be regarded as a seasonally adjustecaidPls the most natural to use as a
central bank inflation target. It has the disadagetof measuring year-over-year inflation
with a lag of six months; hence it cannot be used short-run indicator of month-to-
month inflation. Nevertheless, the techniques ssiggkin paragraphs 22.55 to 22.62 and
22.91 to 22.96 could be used, so that timely fatscaf these rolling year indices can be

* Taking into account the results of previous chaptihe use of the annual basket Young
index is not encouraged because of its failurdeftime reversal test and the resulting
upward bias.

% |t is not necessary to use rolling year indicethinseasonal adjustment process, but their
use is recommended because they increase theivityezihd reproducibility of the
seasonally adjusted indices.

*¢ There may be problems with the year-over-yearcislif shifting holidays or abnormal
weather changes “normal” seasonal patterns. Inrgerdoosing a longer time period will
mitigate these types of problems; i.e., quarteglysenal patterns will be more stable than
monthly patterns, which in turn will be more statilan weekly patterns.



made using current price information.

* Annual basket indices can also be successfully ustte context of seasonal
commodities. Most users of the CPI will, howeveanivto use seasonally adjusted
versions of these annual basket type indices. #asanal adjustment can be done using
the index number methods explained in paragrapl®l2a 22.96, or traditional
statistical agency seasonal adjustment procedorgd be used’

* From an a priori point of view, when making a prazenparison between any two
periods, the Paasche and Laspeyres indices arpiaf inportance. Under normal
circumstances, the spread between the LaspeyrdRaasthe indices will be reduced by
using chained indices rather than fixed base irsdigence, it is suggested that when
constructing year-over-year monthly or annual iedjche chained Fisher index (or the
chained Tornqvist—Theil index, which closely appnaates the chained Fisher) be
chosen as the target index that a statistical ggemould aim to approximate. When
constructing month-to-month indices, however, chdimdices should always be
checked against their year-over-year counterpant®éck for chain drift. If substantial
drift is found, the chained month-to-month indicesst be replaced by fixed base indices
or seasonally adjusted annual basket type indfces.

» If current period expenditure shares are not all thfferent from base year expenditure
shares, approximate chained Fisher indices wilinadlly provide a very close practical
approximation to the chained Fisher target indigggroximate Laspeyres, Paasche and
Fisher indices use base period expenditure shdresaver they occur in the index
number formula in place of current period (or lagjgearrent period) expenditure shares.
Approximate Laspeyres, Paasche and Fisher indarebe computed by statistical
agencies using their normal information sets.

* The geometric Laspeyres index is an alternatitaeapproximate Fisher index; it uses
the same information and will normally be closé¢he approximate Fisher index.

It is evident that more research needs to be choué on the problems associated with the

index number treatment of seasonal commoditiesteTiseas yet, no consensus on what is

best practice in this area.

> There is, however, a problem with using traditiotd 1 type seasonal adjustment
procedures for seasonally adjusting the main CPalee “final” seasonal adjustment factors
are generally not available until data have bedlected for two or three more years. Since
the main CPI cannot be revised, this may preclsiteguX-11 type seasonal adjustment
procedures on it. Note that the index number metiicdasonal adjustment explained in this
chapter does not suffer from this problem.

%8 Alternatively, some sort of multilateral index ninen formula could be used; see, for
example, Caves, Christensen and Diewert (1982B¢enstra and Shapiro (2003).



