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The stochastic approach to index numbers has attracted renewed attention in recent times
(e.g., Clements and Izan, 1981 and 1987; Diewert, 1995; Giles and McCann, 1994; and

Selvanathan and Rao, 1994). One of the attractions of this approach is that it provides

standard errors for the index numbers. This paper reviews the stochastic approach and
extends the existing work by presenting an alternative approach to measure the rate of
inflation. This approach has been demonstrated using consumption expenditure data for

three countries, Australia, the United Kingdom (UK) and the United States (US).
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[. Introduction

A familiar problem in index number theory is to measure the overall rate of
inflation given the two sets of prices wfgoodsp,, p,, ... B, andp,, P,
...p,., In two periodg andt-1. An estimator of the rate of inflation and its standard
error are in practical use for wage negotiations, wage indexation and so on. While
the utility-basedunctional approactio index number theory (see Diewert 1981,
for a survey) provides an estimator of the rate of inflation, the alternative approach,
thestochastic approaclprovides in addition, its standard error as well. Under the
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stochastic approach, the proportionate change in each individual price is taken to
be equal to the underlying rate of inflation plus other components, which are random
and non-random (see Clements and Izan 1987, and Selvanathan and Rao 1994). If
we haven prices, then the rate of inflation can be estimated by taking some form of
average of tha price changes. The stochastic approach can be viewed as a signal
extraction problem. To illustrate, consider the simplest case whereby each of the
proportionate price changes is the sum of the underlying rate of inflation and an
independent random component. Here each observed price change is a reading on
the rate of inflation ‘contaminated’ by the random term. The averaging of the price
changes serves to eliminate as much as possible of the contamination and leaves
an estimate of the underlying signal, the rate of inflation.

Although the stochastic approach is less well known than the functional
approach, it has a long history going back to Edgeworth (see Frisch 1936 for
references). In addition, this approach has recently attracted renewed attention
(Clements and Izan 1981, 1987; Crompton 2000; Diewert 1995; Giles and McCann
1994; Selvanathan and Rao 1994; and Selvanathan and Selvanathan 2004). The
attraction of the stochastic approach is that it provides standard errors for the
price indices. These standard errors increase with the degree of relative price
variability. This agrees with the intuitive notion that when the individual prices
move very disproportionately, the overall rate of inflation is less well defined. The
availability of the standard errors allows us to construct confidence intervals for
the true rate of inflation. These interval estimates can be used in a number of
practical situations (e.g., wage negotiations).

The discussions in this paper deal exclusively with the measurement of price
inflation. However, the methodology could equally well be applied to quantities
and be used for the measurement of real income, total factor productivity, and so
on. The framework could also be used to test the purchasing power parity
hypothesis (see Miller 1984) and to extend the analysis of Divisia monetary
aggregates (Barnett 1981, Section 7.11).

Using the stochastic approach, Clements and Izan (1987) derive an estimator
for the rate of inflation in terms of Divisia indices and its standard error by
decomposing the proportionate price changes into various components. This
paper, whilst also using the stochastic approach framework proposes an alternative
way to derive an estimator of the overall rate of inflation and its standard error.
This alternative way uses a regression model that involves expenditures rather
than price changes (as in Clements and Izan) to derive an estimator of the overall
rate of inflation in terms of the well-known Laspeyres price index and its standard
error.
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The results show that (i) the estimator of the rate of inflation is related to the
well-known Laspeyres and Paasche index numbers and is approximately equal to
the Divisia estimator of Clements and Izan (1987) and (ii) the standard error of the
estimator is linked to the variability of the relative prices. When there are larger
changes in relative prices, the standard error will be higher.

Our estimator and its standard error have three major attractions. The first is
that they are simple to evaluate and have clear economic interpretation like Clements
and Izan’s Divisia counterparts. The second, they require only base-period budget
shares for evaluation whereas the Divisia counterparts require both the current
(usually unknown) and base-period budget shares which will cause some practical
difficulties when evaluating the current rate of inflation. The third is that our
estimator and standard error are approximately equal to the Divisia counterparts
when the change in prices and budget shares are small.

The organisation of this paper is as follows. In Section Il, we present the
Divisia results of Clements and Izan (1981, 1987). In Section Ill we present an
alternative approach. In the following section, we present an empirical application.
Finally in Section V, we present the concluding comments.

[I. Divisia estimator of inflation

Letp, be the price of commodityi=1,...n) in perioct (t=1,...,T) andDp, = log
p, - logp, , be the price log-change. For each period, let each price log-change be
made up of a systematic partand a zero-mean random compongnthat is,

Dp, = + U, i=1..n t=1,...T. )

As E[Dp,] = a, we interpretr, as the common trend in all prices. The random
termu, is assumed to be independent over commodities and have a common
varianceg?; that is,

Cov[u

Ul = 08y, ij=1,..n, 2
whered, is the Kronecker delta.

From (1) we can see that=Dp, - a, is the change in th& price deflated by the
common trend in all prices; i.eL is the change in thé relative price. Hence (2) is
interpreted as saying that the relative prices are independent and have a common
variance. Furthermore, the assumption that]E{ 0 means that all relative price
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changes have an expected value of zero. Under these assumptions, the best linear
unbiased estimator af is

1 n
étzﬁz Dp; ,
1=

which is just the unweighted average of tharice log-changes. Also we have

.1
vard, = — of. ®)

The varianceat2 can be estimated unbiasedly by
,\ 1 Dp. —d.)2
62= m; (Dpy —ay)”. (4)

From (3) and (4) we see that when there is substantial variation in relative
prices, the sampling variance af will be higher. This agrees with the intuitive
notion that the meaning of the overall rate of inflation becomes less well defined
when there are large changes in relative prices.

Given the above interpretations, assumption (2), together with €D, is
obviously very stringent. We now extend the model to relax these assumptions.
We continue to take the relative price changes as having expectation zero and
being independent, but we now replace (2) with

2
Covfu, u] = V_v—:t 8. ij=1,..n, 5)

where A2 is a constant with respect to commodities; amd is the arithmetic
average of the budget share iofluring the two periods andt-1. That is,
W, = Y2, +w, ). Under this assumption, the variance of the change in the
relative price of is inversely proportional tav, . This means that the variability
of a relative price falls as the commodity becomes more important in the
consumer’s budget.

We write (1) in vector form as
Dp

t

= al+u, t=1,....T, (6)
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whereDp, =[Dp,]; 1=[1... 1] ; andu, = [u,]. Under (5), ther x n covariance matrix
ofu,is

Varu, =AW, @)

whereW, = diag[w, ... W, ]. Application of GLS to (6) under (7) gives

a,= ("W)™ W, Dpy

Sincel Wyl = 3L W =1and I'W;Dp, = S/L,W, Dp;, this simplifies to

a, = i Wi Dpj; - ®)
E

This expression is identical to the finite-change form of the well-known Divisia
price index (Theil 1975/76).

The sampling variance dfis A7 (I W,1)~1= A?; that s,
Var a, = A2, ©)
This variance can be estimated unbiasedly by

1 J— ~ 1 n_ ~
m(Dpt —a)'W, (Dpy _at’):miélwit([)pit —a, )27

so that
~ 1 n_ ~ \2
2 — W, (Dp; —a,)”.
A N —1i§1 i (Dpjt t) (10)
We write (9) as
Var a, = a1 (11)
wherelT = in:lV_Vit [Dpy; —c?t]2 is the finite-change form of the Divisia variance

of relative price changes (Theil 1975/76). Thisneasures the degree to which
prices move disproportionatel§fl = O only if all prices change proportionately,
that is, if there are no changes in relative prices. From (10) and (11) again we see
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that the sampling variance of the estimator of inflation will be higher the larger the
relative price movements.

lll. An alternative approach

Letp, g, be expenditure on commodit{i=1,...n) in the base perioaland let
p,d, be the base-period consumption @, ) valued at the current period prices

(p,)- Consider a regression @ ¢, - p_g,) onp 0,
(PG ~ Polio) = WP * & i=1,...n, (12)

wherey, is a constant with respect to commodities; anid a disturbance term.
We assume

Elg]1=0, COVE:it’Ejt] = Glzpioqioéij ' (13)

whereESij is the Kronecker delta. In the next section, we shall empirically test the
validity of the error structure (13). In model (1g)is interpreted as the common
trend in all prices or the overall rate of inflation over the peatwit. To see this,

we divide both sides of (12) Ip/ g, and use (13) to give

We divide both sides of (12) by p, 4, to give

Y, =YX, 0., i=1...n, (14)

wherey; =(pi - Po) /Oio/Pio : Xo=v/ PioGio  andni = & / i/ Pl - It follows from
(13) that Efz;] = O, covipi, ] = ozzdj. Thus we can now apply least squares to (14) to
get the BLUE ofy,

. %-”:x-y-DDn [
o= OO0 Om g g P, (15)

Hsux2 B Ot Pl
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wherew_=p, g /M_is the budget share bin periodo; andM_ = Zin:l Pio Qio IS
total expenditure in period. Obviously the first right-hand term of the above
equation is the well-knowbaspeyres price indexhich is a weighted average of
the n price ratios, the weights being the base-period budget shares. Thus equation
(15) shows that the rate of inflation estimagpdiffers from the Laspeyres price
index by unity. This result is very attractive as it expresses the estimator of the rate
of inflation in terms of the commonly used Laspeyres price index and it requires
only the base-period budget shares for its evaluation.

Now we shall show that the estimatonaiven by (15) is approximately equal
to the Divisia estimator af, given in (8). To show this we write (15) in the form

& Op, O
Vi = Z W G ~15 (16)
1= DpIO D

where we have use{inzlwiO =1

If the period® andt are not very much apart (for example, penasit-1 ort-
2), then we could expext= (p,/p,) - 1 to be small. A |1 +x|Ox for smallx, we
havex Olog (p/p,) = Dpy, the log-change in th# price from period to t.
Therefore, we can now write (16) in the form

n
Vi = Z W, Dpy;
1=

where we have replaced by WP, which is the arithmetic averagewf andw,.
Clearly, the above is exactly the same form as that of the Divisia estimator given in
(8) when period =t-I.

The variance of/, is given by

2
Vary, =—1 = It . a7

The parameteUt2 can be estimated unbiasedly by

2_ 1 ¢ 2
O :n—_lg_(yit ~YiXio) -
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By substituting the above results together with the valugs afdy, in (17)
we obtain

. 1 p,
= LS P
n-l& &

Pio (18)

f
0.
g

o .
Iy,
O

Equation (18) shows that the variance/pincreases with the degree of relative
price variability. This agrees with the intuitive notion that when the individual
prices move very disproportionately, the overall rate of inflation is less well defined.

Using the same arguments in the paragraph above equation (17), we can easily
show that

- 1
Varyt~ml7t,

where
n

e, = Z’Wi?[Dpi? _Vt]z
1=

is the Divisia price variance which measures the degree to which prices move
disproportionately. The above approximate variance is exactly the same as that of
the variance given in (11) when period t-I.

Now we derive the link betweep, and the Paasche index. Lt be the
expenditure on goodin the current period andp, g, be the current-period
consumptiong, valued at base-year prices. Consider a regregsign-@ g,) on

pioqit:

(PG - PG) = Vi PO * &, =1, ..., (19)

with

Ele; 1=0, covler £ 1= o) p,ad, (20)
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Equations (19)-(20) are the same as (12)-(13) except that base-period
consumptiong, in the former set of equations is replaced with current-period
consumptiorg,.

As before, by dividing both sides of (19) Q;(/_pio 0 » it can be easily shown
that the BLUE ofy, is

y = é O plt 5_1 (21)

and its variance is given by

Ak

o x (WMpy, D f
Var Y, ——ZW %— %l- O,

(22)

where w? = p,q, /M?; and M = in:1 PG - The expenditureM? is
current-period consumption valued at base-period prices summed ogoals;

and wy is the share of commodityn M with Zn o w; =1.Obviously the first
right-hand term of equation (21) is the well-knoRaasche price indexThus
equation (21) shows that the estimator of the rate of inflation also differs from the
Paasche index by unity. As before, we can show that the estilﬁmd its
variance given by equations (21) and (22) are approximately equal to the Divisia
estimator and its variance given by equations (8) and (11).

IV. An illustrative application

Now we present an illustrative application of the results derived in Section IlI
by using price and expenditure annual data covering the period 1963-1996 for the
three countries, Australia, the UK and the US. These data are obtained from
Selvanathan and Selvanathan (2003), which originated fronYeasook of
National Account Statistic8@United Nations: New York, various issues) and
National Accounts of OECD Countri@@ECD: Paris, various issues). The number
of commodity classifications are 9 for Australia and the US and 8 for the UK. The
nine commodity groups are food, clothing, housing, durables, medical, transport,
education, recreation and miscellaneous. For the UK, education and recreation are
combined into one group. For comparison of the performance of our alternative



412 JourNAL oF APPLIED Economics

estimator with Divisia estimator, we consider peast-1. Table 1 presents the
results based on the data for the three countries. For each country, the first column
presents the official published rate of inflation (obtained from the DX database);
the next 2 columns present the Divisia based estimate of inflation (based on equation
8), and the corresponding standard error (based on equation 11); the last 2 columns
present the alternative approach based estimate of inflation (based on equation
16), and the corresponding standard error (based on equation 18). For example, as
can be seen from columns 2-6 of the table, the Divisia estimate of inflation for
Australia in 1966 is 2.94 with standard error 0.40 and is close to the corresponding
alternative approach estimate for the rate of inflation of 2.97 with standard error
0.41 and to the corresponding official inflation estimate of 3.00. In general, the two
sets of estimates and the respective standard errors of the rate of inflation presented
in columns 3-4 and 5-6 for Australia; in columns 8-9 and 10-11 for the UK and in
columns 13-14 and 15-16 for the US are reasonably close to each other and are also
similar to the corresponding official published rate of inflation figure presented in
columns 2, 7 and 12 supporting model (12). The last row of Table 1 presents the
sample averages and the corresponding standard errors.

We now test the specification that the errors in (12) satisfy the error covariance
structure (13), using the Park (1966) procedure. That is, we test the particular type
of heteroscadasticity we assumed in (13), which provides the basis for our estimated
results presented in Table 1. The Park procedure involves regressing the logarithm
of the squared residuals from (12) on the logarithm of the regressor and testing if
the slope parameter is unity. The Park test statistic follows a t-distribution-with
2 (n=9 for Australia and the US amgt8 for the UK) degrees of freedom. Table 2
presents the value of the Park test statistic and the corresp@rdihges. As
can be seen, in almost all years, the data from the three countries support the form
of heteroscedasticity assumed in (13) and hence support the underpinning model
(12).

Figure 1 presents a scatter plot of the estimate of inflation versus the
corresponding standard error for the three countries; the solid line is the LS
regression line. As can be seen, the standard error mostly increases along with
increasing inflation. In other words, the higher the rate of inflation, the more difficult
it is to measure precisely.

Figure 2 plots against time the estimated inflation and the 95% confidence
band constructed using the normal distribution as (inflatib®6 x standard
error). It is worth noting the jump in inflation and increase in the width of the
confidence bands in mid 1970's and in 1980 in the three countries.



Table 1. Inflation: Official rate, Divisia estimates and alternative approach estimates with standard errors

Australia UK us
Year Official Divisia Alternative  Official Divisia Alternative  Oficial Rivis Alternative
data Approach data Approach data Approach
Inflation Inflation SE Inflation SE Inflation Inflation SE  Inflation SE Inflation Inflation SE Inflati®&

(1) (2) 3) 4 () ® (8) 9) (100 (@11 (@12 (@13 (14 (15) (16)
1963 0.50 046 1.04 048 105 2.10 1.75 1.01 1.79 1.03 1.20 1.42 0.18 1.43 0.185
1964 2.40 313 058 320 060 3.20 3.53 0.49 359 051 1.30 1.47 0.24 1.48 0.2442
1965 4.00 331 056 336 058 4.80 5.07 0.52 520 055 1.70 1.63 0.22 1.65 0.228
1966 3.00 2.94 0.40 2.97 0.41 3.90 3.83 0.45 3.90 0.47 3.00 2.73 0.49 2.77 O.SOFE
1967 3.20 3.49 0.49 3.55 0.51 240 2.54 0.40 2.57 0.41 2.80 2.48 0.53 2.52 0.555'
1968 2.70 3.17 0.53 3.22 0.55 4.70 4.40 0.51 4.49 0.53 4.20 3.99 0.37 4.08 0-39;
1969 2.90 313 088 322 090 5.50 5.48 0.29 563 030 5.40 441 0.39 451 O.40§
1970 3.90 544 083 559 087 6.40 5.76 0.48 593 050 5.90 446 0.26 4.56 0.282
1971 6.10 6.47 078 6.69 0.85 9.40 8.22 0.36 857 039 4.30 428 0.44 436 0.46
1972 5.90 7.45 1.85 7.89 217 7.10 5.79 0.84 5.97 0.90 3.30 3.40 0.43 3.48 0.44
1973 9.50 8.88 155 9.42 1.67 9.20 7.09 2.90 7.40 3.00 6.20 7.85 1.99 8.23 2.13
1974 15.10 16.22 1.11 17.64 1.30 1590 15.50 0.83 16.78 0.97 11.00 9.84 0.75 10.34 0.82
1975 15.10 1431 089 1543 1.02 2420 21.28 1.13 2373 138 9.10 7.74 0.58 8.05 0.64
1976 13.50 11.05 0.77 11.69 0.87 16.50 14.29 0.72 15.36 0.83 5.70 5.75 0.77 5.93 0.81
1977 12.30 921 055 963 060 1590 15.19 710 1654 806 6.50 6.41 0.70 6.61 0.75
1978 7.90 8.78 0.85 9.20 0.94 8.20 9.15 0.74 9.58 0.81 7.60 6.77 0.61 7.03 0.65n
1979 9.10 9.91 0.58 10.42 0.63 13,50 12.70 0.82 1354 0.93 11.30 8.74 0.77 9.16 0.85




Table 1 (cointinued). Inflation: Official rate, Divisia estimates and alternative approach estimates with standard errors
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Australia UK usS
Year Official Divisia Alternative  Official Divisia Alternative  Oficial Rivis Alternative
data Approach data Approach data Approach
Inflation Inflation SE Inflation SE Inflation Inflation SE  Inflation SE Inflation Inflation SE Inflati®&

(1) (2) 3) 4 () ® (8) 9) (100 (11 (@12 (@13 (14 (15) (16)
1980 10.10 9.24 044 9.69 048 18.00 15.61 1.16 16.88 135 1350 1040 1.15 11.00 1.2§
1981 9.70 921 067 964 074 1190 10.93 1.46 1152 1.63 10.30 889 0.72 9.31 0.7%
1982  11.10 10.65 0.86 11.22 0.96 8.60 8.57 1.06 896 1.15 6.20 6.02 0.83 6.21 0.88‘5
1983 10.10 756 058 7.87 0.62 4.60 5.45 0.40 561 042 3.20 386 1.14 3.92 1197
1984 4.00 737 293 765 310 5.00 4.82 0.66 493 0.70 4.30 393 0.55 4.02 0573
1985 6.70 591 079 6.10 084 6.10 5.30 0.24 543 025 3.60 359 047 3.66  0.48F
1986 9.10 835 029 873 031 340 3.80 0.67 387 069 1.90 248 0.82 2.51 0.83|?|-|
1987 8.50 770 051 801 056 4.10 4.37 0.54 446 056 3.70 3.86 0.26 394 0.270
1988 7.20 728 060 757 064 4.90 5.07 0.46 519 049 4.00 412 0.56 4.21 O.58§
1989 7.60 6.23 046 643 049 7.80 5.72 0.41 590 044 4.80 454 057 4.65 O.GOQ
1990 7.30 492 040 5.04 042 950 5.38 1.09 553 114 5.40 5.16 0.58 530 0.61
1991 3.20 253 037 256 038 5.90 6.08 1.02 6.27 1.07 4.20 397 0.35 4.02 0.36
1992 1.00 185 034 189 035 3.70 5.81 1.09 6.02 116 3.00 3.04 049 3.09 051
1993 1.80 149 034 149 035 1.60 3.21 0.49 3.27 050 3.00 271 053 276 0.55
1994 1.90 1.25 041 1.26 0.42 250 2.70 0.69 2.74 0.71 2.60 2.33 0.42 2.38 0.43
1995 4.60 264 051 268 053 340 2.81 0.53 287 055 2.80 223 0.50 226 0.1
1996 2.60 1.65 0.42 1.67 0.43 2.40 2.66 0.37 2.70 0.37 2.90 2.06 0.50 211 0.51
Mean 6.58 6.27 0.90 6.56 0.97 754 7.05 1.50 7.43 1.68 5.00 4.61 0.68 4.75 0.72
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Table 2. The Park test statistic values and their p-values

Year Australia UK us
Test p-value Test p-value Test p-value
statistic statistic statistic
1963 0.56 0.59 -0.39 0.71 -0.29 0.78
1964 2.46 0.04 * 1.33 0.23 1.25 0.25
1965 1.61 0.15 -1.38 0.22 0.21 0.84
1966 0.22 0.83 4.42 0.00 *** 1.39 0.21
1967 -0.67 0.53 2.98 0.02 * -0.30 0.77
1968 2.25 0.06 1.56 0.17 0.99 0.35
1969 -0.63 0.55 0.70 0.51 1.69 0.13
1970 0.40 0.70 0.21 0.84 0.12 0.90
1971 0.21 0.84 1.31 0.24 3.69 0.01 ***
1972 -1.21 0.26 1.02 0.35 0.29 1.00
1973 0.76 0.47 0.01 0.99 0.86 0.42
1974 1.40 0.20 2.28 0.06 0.08 0.94
1975 5.46 0.00 *** 0.23 0.83 0.10 0.93
1976 4.79 0.00 *** 1.92 0.10 1.73 0.13
1977 1.47 0.18 2.54 0.04 * 0.34 0.74
1978 -0.45 0.66 3.89 0.01 *** 0.14 0.89
1979 0.52 0.62 0.61 0.56 -0.50 0.63
1980 -1.33 0.22 1.38 0.22 1.10 0.31
1981 0.60 0.57 0.73 0.49 0.90 0.40
1982 1.10 0.31 0.91 0.40 3.98 0.01 ***
1983 -0.44 0.68 0.93 0.39 0.44 0.67
1984 1.01 0.36 5.93 0.00 *** -0.27 0.79
1985 2.44 0.05* 1.04 0.34 1.96 0.09
1986 -0.79 0.46 1.65 0.15 1.53 0.17
1987 0.73 0.49 1.49 0.19 -0.13 0.90
1988 0.93 0.38 0.71 0.50 -0.16 0.88
1989 0.45 0.67 1.97 0.10 0.19 0.86
1990 -0.29 0.78 1.24 0.26 1.67 0.14
1991 -1.07 0.32 0.53 0.61 -0.02 0.98
1992 0.31 0.77 1.20 0.28 -0.08 0.94
1993 0.50 0.64 1.25 0.26 -0.12 0.90
1994 1.88 0.10 0.33 0.75 -1.09 0.31
1995 0.10 0.92 -0.13 0.90 -1.52 0.17
1996 1.28 0.24 -0.98 0.36 0.42 0.68
Percentage
rejection at
5% level 12 15 6
Percentage
rejection at
1% level 6 9 6

Notes: The critical value at the 5 percent level are +2.365 (or £3.499 at the 1 percent level)
for Australia and the US and £2.447 (or £3.707 at the 1 percent level) for the UK. * rejection

at the 5 percent level and ** rejection at the 1 percent level.
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Figure 1. Alternative approach estimates of inflation rates versus
their standard errors
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Figure 2. Alternative approach estimates of inflation rates and their
95% confidence bands
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V. Concluding comments

In this paper we used a simple regression approach to derive an estimator for
the rate of inflation and its standard error. We showed that this estimator is directly
related to the Laspeyres and Paasche indices and approximately equal to the Divisia
estimator derived by Clements and Izan (1981, 1987). Our estimator and its standard
error are simple to estimate and have clear economic interpretation. One of the
attractions of our estimator and its standard error is that for computation they
require only the base-period budget shares whereas their Divisia counterparts
require both the current- and base-period budget shares, which will cause some
practical difficulties when evaluating the current rate of inflation. The standard
error of the estimator increases with the degree of relative price variability. This
agrees with the intuitive notion that when the individual prices move very
disproportionately, the overall rate of inflation is less well defined. We also
presented an empirical application of the results using expenditure data from three
countries, Australia, the UK and the US.
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