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An Effect of Updating Base Period on the Rate
of Change in Price Index*

Nobuhiko Masuda

1. Introduction

Numerous methods of weighting in price
index numbers have been developed and analyzed
in the literature. For the most part this is done
in terms of levels of various price indexes. But it
seems that consumers and the general public are
more concerned with the rates of change of
price indexes than with their levels. Accordingly,
in this note we investigate an aspect of the rate
of change of price indexes, that is, an effect
of updating a base period on the rate of change
in price indexes.

Some consumer groups claim that whenever
the government updates the base year of the
price index, the rate of increase in the Laspeyres
price index tends to fall compared with that of
the previous base year. As a clue we examine the
conditions under which updating the base period
causes the rate of increase in price index to rise
or fall. We show two versions of these conditions:
a strong one and a weak one. This is analyzed
only in terms of a statistical (atomistic) approach,
but may possibly have some implications in
terms of an economic (functional) approach which
are not developed herel).

Suppose P,(s, t) denotes a price index in
period ¢ with period s as the base, where subscript
a is a form of the price index (s=<¢). In this note
the base period means the period as both a
reference base and a weighting base. Then, the
Laspeyres and Paasche price indexes are

Py, (-5' 6= E ?t‘ﬂ’l‘f E ?I‘E’t‘:

Pp(s, t) E§ '’/ ;1 e,
where n is the number of commodities, and p,*

and ¢* are, respectively, the price and the
quantity of the {-th commodity in period 7.

% I am indebted to an anonymous referee for
valuable suggestions.

1) On these approaches see, for example, Frisch
[4], Tokoyama [7]. :

Here, it is assumed that
P20, ¢.f=0 for any ¢ and r,

n
Z P,‘q,‘}[l for any ¢ and ¢,

Next, suppose d,(s, ¢; o) denotes the rate of
change in q—form price mdex between period s
and period ¢ with period ¢ as the base (g =s<¢).
Then,

0a(s,t; 0) =Pq(0,t)]Pala, s)—1.

2. Strong Conditions

At first, we show a set of strong sufficient
conditions under which updating the base period
leads to an increase or a decrease in the rate of
change of the Laspeyres price index. In this
section prices and quantities of all commodities
at any period are assumed to be positive. If the
base period is updated from period ¢ to period z,
then the change in the rate of increase of the
Laspeyres price index between periods s and ¢
is for g<7=5<t

01=0r(s,t;7)—0r(s,t; 0)

=Pyr(,1)/Pr(z,5) —Pr(0,)/Pr(s,s)
= Z FCQJE pl‘Ir—E pGQJZ Pl (1}
Then, we get

:2_-,; P ( pﬁj_ptipl’) (gu"qg_qr‘%’)

/ (f it 3 p:‘qa‘)ﬂ- (2)-

i=1 i=1

2) The proof is the following.

0:1=[1/ (X psl= 22 Ps95)] (22 Pege 2, Pags
— > Ditds 2, Dsls)-

Defining Fy=1/(2 psqc 2, Psqs), then F;>0 and

EI—FI(E E petatnilq, HE Z pe'e.'ps?q’)

=] y=1
=F [F 207007+ et psta bt

- ( ?; ' 007+ petpstalte. )]

n
> petnd (a:l97 —a.tq)

Il

£=1 i
FI[Z z (4 Pl'f(q qv"“'?# '-?tj:'
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We now introduce several conditions which are
used in the propositions below.

C.1 For any ¢ and j, if p}*/p,<p//p,, then
¢:'1a, 2 a/q/.

C.1’ For any g and j, if p}!/ps!<p?/p,’, then
¢'la* Z g |gs.

C.2 For any ¢ and j, if pf/p, <pJ/p,’, then
pe'lp Spdlpd.

C. 2’ For any ¢ and j, if p.*[p,f<pJ/p,’, then
pe'lpd Zp[pd.

Proposition 1

If conditions C.1 and C. 2 are satisfiedd,
then

0z(s,t;7)—0L(s, t;0) =0,
More specifically, if the necessary conditions of
C. 1 and C.2 hold in inequality for a pair ¢ and j,
then

dr(s,t;7)—0dL(s, t; ) <0.
On the other hand, if C.1 and C. 2’ are satisfied?),
then

55(3: t; T} —0g (-5'1 1 ﬂ) =0.
More specifically, if the necessary conditions of
C. 1 and C. 2’ hold in inequality for a pair { and j,
then

oz (s, t :7)—0r(s, t;a)>0.
Condition C. 1 (C. 1’) means that for any pair of
commodities, if the price change p_/p,(p:/p;) of
one commodity is larger than the price change of
the other, then the quantity change gq./q,(g:/qs)
of the first commodity will be smaller than that
of the second during the same term. Condition
C. 2 (C. 2’) means that for any pair of commodi-
ties, if the price change of one commodity is
larger than that of the other between periods ¢
and r, then the price change of the first commod-

+3 3

> peod (g.4q, -—qa‘qr’ﬂ

i=1j=1i+1
b i
=F| > 3 o (a:q.7 —q.q)
=14i=j+1
3 "
+{E ,Z Pe o' (9.0q,7 —qa‘qr’}]
i n
=F1[E E D Pl" (‘lhr q "'_"qr "-Ia'f)
i=1 f=1i+41
T n
+3 3 pivd (¢:fe7 —a.tq ’)]
i=1f=i+1
n n
=F; ‘ZI ;Zi'l (ps*pe? —petpsd) (0.*q —a:fa).
= =141

3),3) However, when the sufficient conditions
of C.1 and C. 2 (C. 2’) hold in equality, we assume
that C. 1 and C. 2 (C. 2’) are satisfied for the same

pair ¢ and j.
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ity will be larger (smaller) than that of the
second between periods s and ¢. Therefore, the
economic meaning of this proposition is the
following. For any two commodities, if the
price change of one commodity is larger in the
interval of updating the base period, its quantity
change in that same interval will be smaller and
its price change in the interval concerned with
the rate of price change will be larger (smaller)
in comparison to the second commodity; and if
these conditions are satisfied, then updating the
base period tends to lower (raise) the rate of
increase in the Laspeyres price index.

Proof of Proposition 1

At first, we change and renumber the order
of n commodities such that for an}r_-a‘{ 7 pilp,t
£p,ffp¢-f Then, for any {<j7, ¢,'¢.’—¢.%¢,<0 and
2o —pitp =0 from C. 1 and C. 2. Thus, for
any ¢<4 _',F

(2s'p —pe'pi) (0.'0”—q.'¢.”) <o0.

Since the denominator is positive in (2), §,<0.
If the necessary conditions of C. 1 and C. 2 hold
in inequalit}r for a pair, <, then for the pair

(2’2 —pi'pd) (4,07 —a.'¢%) <0
Thus, from (2), d,<0.

Similarly, we can derive the latter half of
the proposition by C. 1 and C. 2’.

Next, we investigate the case of the Paasche
price index. If the base period is updated from
period ¢ to period 7, then the change in the rate
of increase of the Paasche price index between
periods sand ¢ is for g < r <5<t

5256.?(5:&; r)HBP(S:t;‘F) '

=PP(T: E)IPP(T} 3}_PP(J! t).‘FPP(a: S}
= (2 Pt/ 2 Pegs) (X 096 2 pege

— 2. Dols] 22 Doqe) - (3)
Then, we get

62—[Epa /(Zni g 'i_iipa‘q:‘x

3 pla )}[

(¢s'q7—q: q:’) (4)

Il

M= 5
M:

(p*p’—ptpd) X

+1

Il
...
. II
L.

4) The proof is the following.

8a=[2 pe@e/ (X Pee 22 Dot >, Psqs)]
(2 Pels 2Palt— 2. Pols 2 Pedt)-

Defining Fy= 2, peqe/ (30 peqe X, Pole >, Psqs), then
Fg>0 and

ki3 k11 k3 fn
6:=F=(§1 glpr‘q.‘pu’qc’ -3 3 ptast -.-*qr‘)

{=] f=1
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Proposition 2

If conditions C. 1” and C. 2 above are satis-
fied 5, then

dp(s,t;7)—0p(s, t;0) 20.

More specifically, if the necessary condition of
C. 1’ and the sufficient condition of C. 2 hold in
inequality for a pair ¢ and 7, then

op(s, t;7) —dp(s, t;a)>0.

On the other hand, if C. 1’ and C. 2’ are satis-
fied®), then

dp(s,t;7)—dp(s,t;a)=0.

More specifically, if the necessary condition of
C. 1’ and the sufficient condition of C. 2’ hold
in inequality for a pair ¢ and j, then

dp(s, t;7) —dp(s, t; a) <0,

Thus, if condition C. 2 (C. 2’) is satisfied—
for any two commodities, if the price change of
one commodity is larger in the interval of
updating the base, its price change will be larger
(smaller) in the interval concerned with the rate
of price change in comparison to the second
commodity; and if condition C. 1’ is satisfied—
for any two commodities, if the price change
of one commodity is larger in the interval con-
cerned with the rate of price change, its quantity
change will be smaller in the same interval in
comparison to the second commodity; then
updating the base tends to raise (lower) the rate
of increase in the Paasche price index.

Proof of Proposition 2
First, we change and renumber the order

=F, Z.‘ ):.‘ plpdastad +pltotastedt

i=1

~(Zp.‘p=’q.‘q=’ +p,‘pr‘q“q:‘)]

Jipl

n
=Fy E z 'h‘qt'f {Ff‘Fr‘f “_Paipr")
=1 J#i

-1
=F I[ jEi QI“Q"‘ {Fr‘PiJ'"PJ‘PrJ)

+> Z as*q (p*ps —p.‘p,’)]

i=1f=1+1

n n
=F=[Z' > el (p'pd —pfos)
i=1j=14+1

n n
+3 > ated (olpd —pa‘pf’)}
i=1 f=i+1
i

ki
=F 3 3 (plip)—p.'pd) (@t e —aite).

i=14=1+1

5),5) However, when the sufficient condition
of C. 1’ and the necessary condition of C.2 (C. 2')
hold in equality, we assume that C. 1’ and C. 2 (C.
2’) are satisfied for the same pair ¢ and j.
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of n commodities such that for any i<j, p./p,*
<pJlp/. Then, for any i<j,p.'p/—p,'p/<0.
a.nd from C.2 and C.1’ ¢'lqf=q¢’/q’, that is,
a'qe -q;qjﬂﬂ Thus,

(22 —po'p) (@'a’—a'es’) 20 for any.

1<J.

Since the term in the first brackets is positive in
equation (4),

51’ (3! ¢ ’ T) _51" (31 t ) ﬂ'} _E__O.
If the necessary condition of C. 1’ and the suffi-
cient condition of C. 2 hold in inequality for a
pair of <y 5,-, then for the pa.ir

(p'p—p.'p) (@'e’—ai'es’) >0.
Thus, from (4)

dpl(s, t;t)—dp(s t;a)>0.
Similarly, we can derive the latter half of the
proposition from C. 1’ and C. 2".

3. Weak Conditions

In this section we show a set of necessary
and sufficient conditions under which updating
the base period brings about an increase or a
decrease in the rate of increase of the Laspeyres
and Paasche price indexes.

Firstly, for later use we describe the follow-
ing formula by Hisatsugu and Ide [S] which is
an extension of that by Bortkiewicz [3]:

3 wow X wl (20 uw 25 vw)

=14+C(u, v; w)?, (5)
where C(u,v;w) =3 w(u/d—1)(@/i—1)/2 w,
A= uw/ X w, 1=, vw[D w,
S w>0, X uw>0, X vw>0,
Then, C'(u, v;w) is regarded as a variant of the

weighted covariance between » and » with w as
weights. Moreover, defining
o= w(u—a)* /X w, 0'=3 wv—0)
2w, rue=[2 wlu—a)(v—0)/X wl/

(ﬂ.ﬂaﬂ) ¥

6) We restate their proof here.
2 (u—@) (v—D)w
=3 www—7a E vw—7 X, uw+ad >w
=3 wow—ad 3, w—ub 2, w+av 2, w
=E wrw—ud E w.
Dividing both sides by @5 >, w and rearranging
gives
> uvw| (@0 35 w)
=1+ (u—1a) (v—5) w| (@0 X w).
Then,
3 ol w5 ) (5 w0 3 0) 5 )
=1+ (u/a—1) (v/5—1) w2 w.
Thus, (5) is obtained.
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we obtain C(u, v w) = o (am,l'ﬁ) (ﬂ'ﬂfﬂ). This
means that C'(u, v;w) has the same sign as ry,,
the weighted correlation coefficient between u
and v. :

Next, we state briefly what has already been
analyzed in the literature on the relations be-
tween the Laspeyres direct index and the Laspey-
res chain index so as to use it in comparison with
the result obtained later. The Laspeyres chain
index in period ¢ with period s as the base is

Pro(s,t) =P (s, s+1) - Pr(s+1, s+2) -

Pr(t—1,t).
Defining Dyy= Py (r,s) Pr(s, t)/Pg(r,t) for r<s
<t

Pre (-9’: 5) IPL (3: ﬁ} = D:.:+1.:+2'-D;.t+2,:+3”‘

Dy t-1,e. (6)
Frisch [4], by using his formula in terms of
correlation between price changes, claims that
the chain index tends to drift upwards from the
direct index. Then, Zarnowitz [8] derives for
st2skst :

Dy x-1,6=1+C(pr/Pk-1, Qr-1/qs ; Pr-198) V. (7)
Thus, if the correlation between the price change
Di/pe-1 and the quantity change g /g, is
positive (negative) for s42=<k<t, the chain
index drifts up (down) from the direct index.
While Zarnowitz admits a tendency of the
upward drift of the chain index when chaining
is relatively short and when seasonal movements
occur in prices and quantities, Allen [1, 2],
Morita [6], Hisatsugu and Ide [5], and others
show that there is no empirical evidence support-
ing the drift.

Now, we consider the conditions under
which updating the base causes the rate of
increase of the Laspeyres price index to increase
or decrease. When the base period is updated

from period ¢ to period 7, the change in therate

of increase of the Laspeyres price index between
periods s and ¢ is from (1)
Or(syt;7)—01(s, ¢ ; 0) = 2 pegel 2psq-

— > 2,/ 2 pg, for a<t=s<t.
Since both terms in the right-hand side are posi-

tive, a set of necessary and sufficient conditions

7) It is derived as follows.
Dl,l-l.l:=PL [.’i‘, k—l} PL (k—l, .’G) fPL [:S, E}
= (2 P10/ 2 Ps1s) (2 P/
2, Pr-19k-1) | (25 Pidal 2. Psds)
_ 2[(Pe/Pr-1) (qr-1/95) P-19s] 2. Pr-19s

LDk Pr-1) Pr-195) 2 [(a5-1/98)Pr-105 )
Then, (7) is obtained from (3).

An Effect of Updating Base Period on the Rate of Change in Price Index 375

for dz(s,t;7) >(<)dL(s,t;0) is obtained by
dividing the first term by the second. That is,
Ry = (X 2egel 2 psge) (X 2sal 2 12g0) > (<) 1.
From (5),
_ 2[(Pe[ps) (9:/90) s3] X Pt
2 [(pe/ps) 9] 22(92/90) Ps20)

=1+C(pe/ps 4:/9, ; Peg.)-
Thus, we obtain the following proposition.

Proposition 3

0L(s,¢;7)>(<)0c(s, t;0) for a<r=<s5<4,
if and only if

C(2elPor Gel40 5 Pots) > (<)O.

That is, if and only if there is a positive
(negative) correlation coefficient between the
price change in the interval concerned with the
rate of price change p,/p, and the quantity
change in the interval of updating the base
¢:/¢,, updating the base period from ¢ to ¢ tends
to raise (lower) the rate of increase of the Las-
peyres price index between periods g and ¢.

If g=5, v=k—1, s=k—1, and ¢{=Ff, then

Ry=1+C(pr/pi-1, qr-1/s ; Pic-12s)-

This is the term which is used in comparison
between the Laspeyres chain index and the
Laspeyres direct index, that is, Dy -, in equa-
tion (7). Therefore, the necessary and sufficient
condition for updating the base period to bring
about raising (lowering) of the rate of increase
of the Laspeyres price index is similar to the
sufficient condition for the Laspeyres. chain
index to drift up (down) from the Laspeyres
direct index. However, there is the difference
that in the former only one correlation has to be
met, whereas in the latter all the correlations
have to be satisfied for s+25k=t.

Next, we turn to the case of the Paasche
price index. When the base period is updated
from period ¢ to period r, the change in the rate
of increase of the Paasche price index between
periods s and ¢ is, from (3),

0p(s,t;7)—0p(s,t; 0) = (X Pege/ 22 Psgs) X
(X Peel 2 Pege— 2 9ogsl X poge) for
o<r=s<it.
Since all the terms in the right-hand side are
positive, a set of necessary and sufficient condi-
tion for dp(s,t;7)>(<)dp(s, t;0) is obtained
by dividing the first term by the second inside
of the second parentheses. That is,
Re=2. pgs 20 2oqel (0 Pege 22 Pogs) > (<)1.
From (35),

R,
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> [ pel90) Poqs) 22 [(qe/gs) Pogs]
S [(P:/p.) (@:]qs) Pogs] 22 Dols
1

Ry=

T 1+C(p:/por arlge; Pogs)”
Thus, we obtain the following proposition.

Proposition 4

dp(s,t;t)—0dp(s,t;0)>(<)0 for
‘ o<lr=s<t,
if and only if

C(PelPor @elas 3 Pos) < (>)0.

That is, if and only if there is a negative
(positive) correlation coefficient between the
price change in the interval of updating the base
2./p, and the quantity change in the interval
concerned with the rate of price change g./q,.
updating the base period from ¢ to 7 tends to
raise (lower) the rate of increase of the Paasche
price index between periods s and ¢.

(Toyama University)
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