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» Decomposing bilateral indexes
— Examples
— Special types
» Multilateral indexes
— Motivation
— Decomposing a few common methods
— Accounting for linking (“splicing”) methods

» Decomposition of multilateral indexes in practice
» Conclusions
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CPI Structure Ll
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Source: Consumer Price Index: Concepts, Sources and Methods, 2017 (ABS)
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Decomposing bilateral indexes Bireauor

» Studied by various authors, nice overview in Balk (2008)

» Some decompositions are straightforward...
— Additive decomposition of Laspeyres index:

D Py

i pl
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— Multiplicative decomposition of Tornqvist index:

Less)
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P

» Some are more complicated (e.g. Fisher)
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Australian Bureau of Statistics informing Australia’s important decisions



£

Decomposing indexes in different ways Seicly
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» From Balk (2008), multiple decompositions are possible
— E.g. multiplicative decomposition of arithmetic mean indexes

1 1\ WiXL(PO'll pil/pio)

v " T
» Which is preferable may depend on context

» Note g; depends on price index - we call decompositions
with this feature reflexive

» Contrast with simple decompositions where contributions
depend on price of relevant commodity, and weights
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Multilateral indexes (background) et
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» Simultaneously compare prices or quantities across more
than two entities (countries, time periods)

» Pioneering work by Ivancic, Diewert and Fox (2011)
suggests using these methods to produce temporal
indexes from transactions (scanner) data

» In use at ABS and a few other statistical offices (e.g.
Netherlands, New Zealand), investigated by others
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Interpreting multilateral movements Bireauor

» Challenges in identifying influence of individual commodities

on price change
— Dependence on historical prices
— Commodities appearing and disappearing
— Linking
» Focus on decomposing a few common multilateral methods...
— Time Product Dummy
— Geary-Khamis
— GEKS-Torngvist / CCD (Caves, Christensen and Diewert, 1982)

» ...and accounting for the linking

26/11/2018
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Time Product Dummy (TPD) method e
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» Fit regression model:

In pi = a5 HylHe Time effect | | Commodity effect | | Error

» Common to use expenditure shares for weighting —
justification in Diewert (2005)

» Price comparisons from time effect estimates:
exp(ﬁb)

PTE;B — exp(ﬁa)

:exp(éb—éa)
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Decomposing TPD via matrices ol
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» Express model in matrix form

Inp=XXPB+e Design Vector of
» Solution: matrix parameters
-1
=[(X"WX) X"W]|In
P kV ) o W= Matrix of expenditure shares

=Alnp
» Parameters are sums of log prices, weighted using elements of
A (dependent on expenditure shares)

» Yields a simple decomposition:

P2 =TT (5 )w:{b}—w:{a}
I t
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Decomposing TPD via Rao method i
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» Rao (2005) shows TPD is also solution to simultaneous
equations t

H p! ; ; S m; = Reference price
TPD

i \ 7 t

» Yields another decomposition

ab (p'b)SI sty
I:2I'P’D :H 5 (ﬂ-i)
"~ (v)

» Not new — but we note it is reflexive and not unique
» Replace missing prices and shares with 1s and Os

Australian Bureau of Statistics informing Australia’s important decisions 26/11/2018




The GK method Australian

Statistics

» Usually written using simultaneous equations — cf TPD
method

P;
,Z p| q| Z / T = Reference price

. =

Zi:ﬂ-iqi | qu

» For our purposes, helpful to rewrite

t
I:)GK -

t 7TCI. Shares (in reference price

Pek = Zo't P i = Z;ij —~— terms)
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DecomPOSing GK Burea-u-of
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» Tempting to take ratios of sums... but problematic if

sample is dynamic Zaibff
» Better to convert aritthmeticeto géometric mean
Pex :HLE]I K
» Yields reflexive decomposition similar to TPD b
ib g 0260 2 plb Si i
P =H(pa)9ia (m)" Preo :H%(”u)
() ~(7)
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CCD and GEKS methods f
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» Calculate bilateral comparisons between each pair of
periods in the window and combine as follows

1

a,b Ptlb T+
P S = H Pt,a
t

» Choice of bilateral index
— Fisher (RHS) leads to GEKS (LHS)
— Tornqvist (RHS) leads to CCD (LHS) — method used at ABS

— In practice we estimate “maximum overlap” bilateral
comparisons (different contributors to different comparisons)
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Decomposing CCD e
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» Substitute Tornqvist decomposition into CCD formula
» Yields a simple decomposition

b ( p’ )W‘ -0 (2w (D) w; (s, t)= Térnqvist weight for

a, I + . .

Peéo = H—a W (.a) H( Pi T } bilateral comparison from s to t
! (pi ) t w; (e, t)=average over

comparisons involving t

» Could decompose GEKS in analogous way (note Fisher
decompositions are reflexive)
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Decomposing CCD (2) s
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» For static sample, simplifies to CCDI index (Diewert and
Fox, 2017):

b)5(5‘0+s‘b) L s;= Average expenditure share
Y e
i (pia)2

» Factors into average of local price change and TPD-like
contribution (Chessa, Verburg and Willenborg, 2017)

enl[ 8] o[ men

N (p2)’
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Recap — decomposing multilateral indexes ol
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» Multiplicative decompositions of a few indexes

— CCD -simple

— GK —reflexive

— TPD - both
» Reveal strong similarities between methods (CCD a little

different)
» Deal with dynamic samples symmetrically

— Replace weighted missing prices with 1s
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Extending multilateral indexes through linking

« o Bureau of
(“S p I lCl ng”) Statistics
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Decomposing extended indexes
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» Multiplicative decompositions and ratios work well
together

— Substitute multilateral decomposition and rearrange to obtain
multiplicative decomposition

— Deal with dynamic sample as before
— Preserves simple property

» Can use similar technique to decompose longer term
index movements (e.g. annual changes)
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Decomposition in practice s

Statistics

» lllustrate these methods using a dataset of Fruit
commodities

— Originally from Turvey (1979) modified version in CPI
manual (ILO, 2004)

— Five commodities sold over four years
— Some only sold for part of the year (strongly seasonal)
— Sharp fluctuations in prices and quantities

» Decomposition results highlight a few interesting
features of the methods
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» Decomposition reveals
how reappearance of

seasonal commodities
ﬁ can contribute to price
: R increase

" » Common for

commodities to have
intermittent sales in
transactions datasets

Figure 1: Price of fruit commodities

Australian Bureau of Statistics informing Australia’s important decisions 26/11/2018




TPD

contribution to aggregate change

Price changes vs contributions

» Not always in the same direction!
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» Stronger correlation for CCD than TPD (simple method)
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Simple vs reflexive decompositions s
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» What happens when we tweak one of the prices of one
commodity?

— If decomposition is simple, only alters contribution of that
commodity

— If decomposition is reflexive, other commodities can also be
affected

» Testing confirms this
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» Presented methods for decomposing multilateral indexes
— We can use these to quantify / order contributions to change
— Recommend using simple and symmetric methods where available

— Formulas somewhat involved (but computers can handle the
calculations)

» Theoretical and empirical results reveal
— Similarities and differences between multilateral methods
— Features not shared by bilateral indexes

» Avenues for further study

— Decomposition of other indexes
— Desirable properties of decomposition methods
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