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Estimating Standard Error of Inflation Rate in
Pakistan: A Stochastic Approach

JAVED IQBAL and M. NADIM HANIF

“The answer to the question what is the mean of a given set of magnitudes cannot in
general be found, unless there is given also the object for the sake of which a mean value
is required. There are as many kinds of average as many purposes; and we may almost
say in the matter of prices as many purposes as many writers.”” Edgeworth (1888).

We estimate standard errors (S.Es.) of month on month and year on year inflation in
Pakistan based on data for the period of July 2001 to June 2010 using the stochastic approach
as well as extended stochastic approach to index numbers. We develop a mechanism to
estimate S.E. of period average headline inflation (rate) using these approaches. This
mechanism is then applied to estimate S.Es. of 12-month average rate of inflation in Pakistan
for July 2003 to June 2010. The systematic changes in the relative prices of different groups in
the CPI basket for Pakistan are also estimated. The highest (positive) relative price inflation
occurred in ‘food, beverages and tobacco’ group and the lowest (negative) for ‘recreation and
entertainment” group, during fiscal years 2001 to 2010.

JEL classification: C13, C43, E31
Keywords: Estimation, Index Numbers, Inflation Rate, Standard Error

1. INTRODUCTION

The stochastic approach to index numbers has recently attracted renewed attention
of researchers as it provides the standard error of index number (and its growth). One of
the most important uses of index number is in the case of measurement of the general
price level in an economy (and then inflation, of course). This approach has been applied
to measure the rate of inflation® in studies like Clement and Izan (1987), Selvanathan
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(1989), Crompton (2000), Selvanathan (2003), Selvanathan and Selvanathan (2004), and
Clement and Selvanathan (2007).

Historically, there are two main approaches to measure the index number: the
functional approach and the stochastic approach. In the functional approach, prices and
quantities of various goods and services are considered as connected by certain typical
observable relationship [Frisch (1936)]. The stochastic approach is less well known
although it has a long history dating back to Jevons (1865) and Edgeworth (1888). In the
stochastic approach prices and quantities are considered as two sets of independent
variables. It assumes that (ideally) individual prices ought to change in the same
proportion from one point of time to the other. This assumption is based upon the
quantity theory of money—as the quantity of money increases all prices should increase
proportionally. Any deviation of individual prices from such proportionality is seen as
‘errors of observation’ and/or may be the result of non-monetary factors’ effect on prices.
Thus the rate of inflation can be calculated by averaging over the proportionate changes
in the prices of all individual goods and services. Keynes (1930) criticised the
equiproportionate assumption as being ‘root and cause erroneous’. In the functional
approach the deviations from proportionality are taken as expressions for those economic
relations that serve to give economic meaning to index numbers [Frisch (1936)].

The recent interest of researchers in the stochastic approach to index number
theory is led by Balk (1980), Clements and lzan (1981, 1987), Bryan and Cecchetti
(1993) and Selvanathan and Rao (1994). Clements and lzan (1987) recognised the
Keynes (1930) criticism on the assumption of identical systematic changes in prices and
viewed the underlying® rate of inflation as an unknown parameter to be estimated from
the individual price changes by linking the index number theory to regression analysis.

Again, using the functional approach to index numbers we obtain an estimate of
the inflation rate without knowing its distribution. Thus, we have no basis to make any
statistical comment, say about ‘efficiency,” of the estimated inflation rate for which we
shall also need the standard error of the estimated rate. The stochastic approach leads to
familiar index number formulae such as Divisia and Laspeyres. As uncertainty plays a
vital role in this approach, the foundations differ markedly from those of the functional
approach; linking the index number theory to regression analysis we not only get an
estimate of the rate of inflation but also its sampling variance. With the relaxation of the
assumption that prices of goods and services change equiproportionately, individual
prices in the basket of price index move disproportionately (which usually happens) and
thus the overall rate of inflation may become less well defined [Selvanathan and
Selvanathan (2006b)]. In such situations the ability of the stochastic approach becomes
important as it allows us to construct confidence interval around the estimated rate of
inflation with the help of standard error (of inflation). Confidence interval can be used
for some practical purposes such as wage negotiations, wage indexation, inflation
targeting (in interval), etc.

2 This ‘underlying’ rate of inflation need not be confused with (a completely different) concept of ‘core
inflation” being used by some central banks to see long-term trend in change in general price level (sans
temporary, short term, non-monetary, and supply side related changes in inflation). Core inflation is altogether a
different measure of change in prices of a shrunk set of commodities which are more linked with demand side
compared to supply side (exclusion based measures like non-food non energy inflation rate) or trimmed set of
commodities prices of which are not highly volatile (like 20 percent trimming—those commaodities which show
extreme price changes—based measures of inflation).
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One of the criticisms on this new stochastic approach of Clements and 1zan (1987)
is on the restriction of homoscedasticity on the variance of the error term in the OLS
regression [Diewert (1995)]. Crompton (2000) also pointed out this deficiency and
extended the new stochastic approach to derive robust standard errors for the rate of
inflation by relaxing the earlier restriction on the variance of the error term by
considering an unknown form of heteroscedasticity. Selvanathan (2003) presented some
comments and corrections on Crompton’s work. Selvanathan and Selvanathan (2004)
showed how recent developments in the stochastic approach to index number can be used
to model commaodity prices in OECD countries. Selvanathan and Selvanathan (2006)
calculated the annual rate of inflation for Australia, UK and US using the stochastic
approach.® These studies provided a mechanism for calculating the standard error for
inflation. Rather than targeting the headline (year on year or YoY) inflation, some
countries track 12 month moving average inflation as the goal of monetary policy.
However, there is no work in the literature to estimate the standard error of period
average inflation. We contribute by developing a mechanism to estimate the standard
error of period average inflation.*

In this study we estimate standard errors of month on month (MoM) and YoY
inflation in Pakistan using the stochastic approach, following Selvanathan and
Selvanathan (2006). Since the State Bank of Pakistan (the central bank) targets 12-month
average of YoY inflation, we contribute by applying our mechanism to estimate the
standard error of 12-month average inflation in Pakistan.

The criticism on the assumption that when prices change they change equally
proportionally, has been responded to by Clements and Izan (1987) who extend the stochastic
approach by considering the underlying rate of inflation separate from the changes in relative
prices. We also estimate the standard errors of (MoM, and YoY) inflation in Pakistan using
the same approach. We contribute by developing a mechanism, and applying this to Pakistan,
to estimate the standard error of period average inflation also using the same approach.
Furthermore, by applying this approach we also estimate the systematic (MoM, and YoY, and
12-month average) change in relative prices based upon individual prices of 374 commodities
in the CPI basket of Pakistan for the period July 2001-June 2010. However, in this paper we
present only the average systematic change in relative prices of different groups in the CPI
basket.

In the following section we provide the details of the existing mechanisms of
stochastic approach and their applications in the index number theory in the context of
price index. We then further build upon this approach to estimate YoY inflation, period
(12-month) average inflation and their standard errors. In section 3 we present the results
of the application of the stochastic and the extended stochastic approach for estimating
MoM inflation, YoY inflation, and period (12-month) average inflation along with their
standard errors. In section 4 we present the estimated average systematic change in
relative prices of different groups in the CPI basket of Pakistan. Concluding remarks
follow in the last Section.

3Clements, Izan and Selvanathan (2006) presented a review on the stochastic approach to index number
theory.

“As mentioned earlier, we have not estimated the standard error of the core inflation rate measures like
those exclusion-based or trimming-based. However, our working on the 12 month average inflation rate may be
viewed as an exercise on the core inflation (because 12 month average inflation rate can be used as core
inflation measure because it smoothes out fluctuations).
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2. UNFOLDING THE STOCHASTIC APPROACH TO INDEX NUMBERS

The different ways to apply the stochastic approach to index numbers give various
forms of index numbers like Divisia, Laspeyres etc. Since the Federal Bureau of Statistics
(Pakistan’s official statistical agency) uses Laspeyres index formula for measuring
inflation in period t over the base period, we would like to confine the following analysis
to derive the Laspeyres index.

2.1. Derivation of Laspeyres Index Number®

Following conventional notations let p represents price and g represent the
quantity. We subscript these notations by it where i(i =1,2,..,n) represents
commodity and t(t =1,2,....,T) the time (which is month, in this study). Under
stochastic approach any observed price change is a reading on the ‘underlying’ rate of
inflation and a random component (&;.). If y; is the price index, relating expenditures in
period t to expenditures in the base period, then following the stochastic approach we can
write

pitqi0=yt Dioqio +Elt t(t = 1,2,,T) (1)
We assume
E(€y) =0 ,Cov(€Ey,€jt) = 0°piqiodi;  (8;; is the Kronecker delta) )

In this way the index number theory has been related to regression analysis as now we
can estimate the rate of inflation in period t by estimating the unknown parameter y; in
(1). Rearranging (1) we get

Pie oy St .. @

Pig t " Diodio

ﬁE(i—;)=yt,

To remove heteroscedasticity in the error term we transform equation (1) into new
form which gives homoscedastic variances in the error term across all the n commaodities

in any particular time period t. For this purpose we divide Equation (1) by ./p;, ;0 and
obtain

Yie =Y Xio + Nit U ()]
_ Picai . _ _ €it
Where y;; = \/ﬁ ; Xio = /Pio dio and M = TP dn

Now assumptions in (2) after above transformation are
EMy) = 0 and Cov( My ,mje ) = 0% 8y

Now we can apply, say, the least squares to (4) to have an estimator for inflation as
below:

n
5 = Yi=1XioYit
- n
t Zi=1xi02

SThis sub-section (2.1) is mostly based upon Selvanathan and Selvanathan (2006b).
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Pit dio n Pit dio
Z'ﬂz i a: n it 4i .
i=1(Pio q”’)(‘/mo ‘h‘o) TIe1Pit Qio Zi=a( vy JPI0 yn [pit « __Pio dio
- - - — 4i=1

TiL1Pio dio YiL1Pio dio YiL1Pio dio Pio  Li=1Pio dio
We know % is the budget share of commodity i in the base period and if
i=1Pio dio
we write it as
_ __Pio4io n —
Wig = oi———— Where > w;o = 1, we have
Xi=1Pio dio
~ n Dit
=)t Wip— ... 5
7¢ i=1"i0 Dio ( )

Which is weighted average of the n price ratios (with base-period budget shares
being weights) and is the well-known Laspeyres price index. With the help of this price
index we can have inflation (MoM and/or YoY) by using simple formulae as below:

Inflation (MoM)=(?f—_‘1—1)x100 )
Inflation (YoY) = (?j_tu — 1) x 100 )

Variance of the estimator in (5) is given by

2
Var(?t)=zng—txz (8)

i=1"i0
The parameter ¢? can be estimated as

A2 1

o = _Z?=1(yit - ?txl:o)z cee cee e e e (9)

n-1

By substitution the estimated parameter of o7 from (9) together with the values of
X;o and y;; in (8) and rearranging we get

var(y,) = ﬁz;;l Wio (P /o = 70)? ... (10)

Thus, as the degree of relative price variability increases, the variance of the estimated
index also increases. This agrees with the intuitive notion that when the individual prices
move very disproportionately, the overall price index is less well-defined [Logue and Willet
(1976)].

Now the question is can we have the estimated price index in (5) and (10) and its
estimated variance respectively. From (5) we can find the estimated rate of inflation but
here we cannot find the variance of the estimated rate of inflation. For this purpose we
have to proceed with inflation from the start rather than the index.

2.2. Application of Stochastic Approach to Estimate Headline
Inflation and Its S.E.

Following the notations used above, if y; is the price index, relating expenditures in the
current period to expenditures in the base period, then, following the stochastic approach, we
can write

pitqw:]/t Pioqio +Eit t(t = 1, 2,,T) (11)
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The base period can be somewhere in the distant past (say five year back) and at
any point in time we define headline (or, YoY) inflation as percentage change in price
index over the corresponding month last year then

T[? — Yt—Vt-12
Yt-12

From (11) we can get estimate of y, only. For estimate of y._,, we write (11) as

Pit-129i0=",_1, PioGio T€it-12 t(t =13,14,15.....,T) ... (12)
Here again E ( ‘;m“) Ye—12, under similar assumptions as in (2)

By subtracting (12) from (11) we have

PitGio — Pit-129i0 = (Ve = Ye—12)PioGio + €t — €it-12 .. (13)

Dividing (13) by E (p” 12) and substituting E ( i 012) Y¢—1 onright hand side, we get

Pitdio—Pit—129i Y=V, Eit—€it—
ltElEpi:flij 2= ty = lz)onqlo 412%:212 = {'Piodio + €ir .. (14)
Pio
Where e;, = El‘y_eﬁ Again assuming that
t—12
E(e;) = 0and Cov(ey, ej) = piPioGiodij - ... (15)

and proceeding as in subsection 2.1 we divide (14) by /pioqio and get

Pit_Pit-12
[plo pltp;oz lm ploqlo \/p odio (16)

Pio

From (5) and (12) we can write y,_;, = E (M) =37 Wi %, Thus (16)
i0o

Pio
becomes
Pit_Pit-12
[%] \/onqlo Ty \/ploql(] ﬁ
Pit_Pit—12
If we take Y = (W) PioGio » Xio = \/Pioio  and @y = \/% . Under

assumptions that E(¢;,)=0 and Cov(@;; @) = Q?Sij, for equation

Least square estimator of ! is

Pit_Pit—12
n Pio __Pio
2i=1v/Piodio Lipllt12 VPio4io
ﬁ' Zl. 1 XioYit __ i=1"i0"p;
n 2 =
Yiz1Xio Z[:lPquIO
Dit_Pit—12 o
n Pio _ Pio Yt=Vt-12
=YW . = ... (18)
= i0 — PS
=1 [ o wiotkt 12] Ve-12

Pio
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We knew this result from (7). The only benefit of the above process is that now
we can have an estimate of the standard error of headline inflation as below:

2
Var (&) = Zn"—txo .. (19)

The parameter o can be estimated as

A2 _ 1 yn =H 2
Qt =7 i=1(Yie — Tt Xio)

By substitution of the estimated parameter o? in (19) and rearranging we get
2

(20)

Pit _ Pit—12
Var () = 5 Ehea o |2 - 2|

=170 g
Equation (20) shows that the variance of ft; increases with the degree of relative
inflation variability.® Now we move towards estimating the period average inflation and

its standard error.

2.3. Application of Stochastic Approach to Estimate Period Average
Inflation and Its S.E.

We know that period average (say 12 month average) inflation can be calculated
either by averaging the last 12 YoY inflation numbers or by taking YoY inflation of the
last 12-month (moving) averaged index number. We would like to use the above result in
subsection 2.1 for estimating the 12-month average inflation, and those in subsection 2.2
for the standard error of period average inflation.

We have price index series as pj.. If the 12-month averaged price index series is
denoted by p;; then following the results in subsection 2.1, the estimate of YoY inflation
of pi series will be

PA = S i Ll 21
V¢ Zl=1W10p, ... (21
i0
And thus
<A
74 = (- — 1) * 100 . (22
¢ (72‘4—12 ) ( )

Now for estimating the variance of the average inflation we use the result in subsection
2.2 where we derived the standard error of YoY inflation. If we replace the index with the

average index in (20) we will get the standard error of average YoY inflation, that is
A A 2
Pit _Pit-12
Var (#{) = =X, wy | 2e—Lie—— #f .. (23)

Pit—12
S Wit
i=1"vi0 Pio

3. MEASURING STANDARD ERRORS OF INFLATION IN PAKISTAN

In this section we present an application of the results described and derived in the
previous section by using the monthly data of prices of 374 commodities covering the

Above procedure can be used to estimate the MoM inflation and its standard error.
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period July 2001-June 2010 for Pakistan.” We present the estimated MoM inflation,
YoY inflation, along with their standard errors for Pakistan. As discussed above, there
are different ways to apply the stochastic approach to index numbers and each culminates
in different form of index numbers like Divisia, Laspeyres etc. Just to compare our
estimated results of inflation with those from the Federal Bureau of Statistics we have
used such application of the stochastic approach which produces Laspeyres index
formula for measuring inflation in the current period over the base period. Since the
State Bank of Pakistan targets (12-month) average inflation, particular attention has been
paid to estimate period (12-month) average inflation rate and its standard error, which is
the first empirical application of its type.

Table Al in the Appendix presents the official rate of (monthly, YoY and 12-
month average) inflation and the estimated rate of (monthly, YoY and 12-month average)
inflation based on the stochastic approach along with standard error of the estimate of
inflation for Pakistan economy based on the data for July 2001 to June 2010.

Figures 1(a) to 1(c) present a scatter plot of inflation versus the corresponding
standard error for MoM, YoY and 12-month average inflation; the solid line is the linear
trend line.

Fig. 1(a). MoM Inflation in Pakistan and its S.E.
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"Prices, for construction of consumer price index (CPI), are collected by Pakistan Bureau of Statistics
(the central statistical agency of the Government of Pakistan) on monthly basis. In August 2011, while changing
the base year for CPI from FY 2001 to FY 2008, PBS also expanded the coverage of goods/services in the CPI
basket by increasing the number of commodities from 374 to 487. In this study, we have used the previous base
(FY 2001) dataset.

8First 12 observations are lost in the YoY inflation calculation and next 12 are consumed in calculating
the 12 month average. Thus, the results in the Table 1 start from July 2003 instead of July 2001.
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Fig. 1(b). YoY infaltion in Paksitan and its S.E.
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Fig. 1(c). 12 month MA inflation (YoY) and its S.E.
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From Figures 1(a) to 1(c) we can see that the standard error increases with increasing
inflation as depicted by the positive slope of the trend line. This can be interpreted to mean
that when inflation is higher it becomes difficult to predict it. This agrees with the intuitive
notion that when the individual prices move very disproportionately, the overall rate of
inflation is less well defined. These observations are in line with the past literature on the
rate and variability of inflation.” Figures 1(b) and 1(c) also answer the question, “Why
some central banks pursue (target) 12-month moving average (YoY) inflation rate rather
than monthly headline (YoY) rate of inflation?”” Some central banks use the 12-month
average as the core inflation. The answer is simple: the average (YoY) inflation is less
volatile than the headline inflation. This is evident from the lower S.E. of 12-month moving
average (YoY) inflation as shown in the figure 1(c) and compared to S.E. of monthly
headline (YoY) inflation presented in 1(b).

®The inflation may become less predictable at higher inflation rate if government aims stabilising prices
rather than stabilising expectations [Logue and Willet (1976)].
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Fig. 2(a). MoM Inflation in Pakistan and 95 percent Confidence Band
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Fig. 2(b): YoY Inflation in Pakistan and 95 percent Confidence Band
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Figure 2 (a) to Figure 2(c) present the graph of all the three types of inflation along
with the respective 95 percent confidence band. From Figure 2 (a) it is clear that the time
when there is a jump in inflation, as in April 2005 and May 2008, there is an increase in
the width of the confidence bands. Similarly we can note that in other figures where the
inflation is high, the width of confidence band is also increased.

4. EXTENDED STOCHASTIC APPROACH AND THE SYSTEMATIC
CHANGE IN RELATIVE PRICES

As we discussed in Section 2, the various applications of the stochastic approach
to index numbers yield different forms of index numbers like the Laspeyres etc.
However, as criticised by Keynes (1930), following this approach it is assumed that when
prices change they change equiproportionately and thus relative prices remain the same.
Clements and Izan (1987) responded to Keynes’ criticism by considering common trend
change in all prices underlying the rate of inflation separate from the systematic change
in relative prices. Following Clements and lzan (1987), if we take p;, as the price of
commodity i (i =1,2,...,n) at time t(t =1,2,.....,T) then price log change Dp;, =
log pi: — log p;;—1 €an be considered as

Dplt=0(t+Bl+Elt i=1,2,...,n; aﬂdt=1,2,.....,T (24)

Where «, is the common trend change in all prices (the underlying rate of inflation) and
B; is the change in relative prices of commodity i. Assuming the random component of
change in prices, &;;, to be independent over commodities and time, and the variances
[Var (8] inversely proportional to corresponding arithmetic averages of budget shares,
Clements and Izan (1987) showed that the least squares estimates of o, and {; are subject
to budget constraint™ as given below:

Bo= X/ S (Dpe =) e (29)

With respective variances of these estimators as below:

Var(a,) = (27)

(n 1)
1

1(7_

Where 82 is the sum (over commodities) of squares of estimated random component of
price changes, that is

a 2 —
07 = 311 (§e)” = T wi(Dpie — @) + Xie, w;(Dp, — &)°
—23%, W(Dpe — &) WDP, — &) .. . . (29)

While it is obvious that Dp, = % > Dp;and @ = %Zle @,

°Budget share weighted average of the systematic component of relative price change is zero.
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Our contribution in this section of the study is the application of the Clements and
Izan (1987) extended stochastic approach to index numbers to Pakistan’s monthly data of
prices of 374 commodities covering the period July 2001-June 2010. The extended
stochastic approach to index number is closer to Divisia price index. As in the above
Section 3, this approach also gives us the (trend) inflation rate and its standard errors
which are presented in Table Al of the Appendix. We can see that the estimated standard
errors of the inflation rate based upon extended stochastic approach to inflation are lower
than those based upon the stochastic approach for the MoM and YoY inflation. It needs
not be true in the case of period average inflation (because of averaging effects).

In addition to inflation and its standard error, the Clements and Izan (1987) extended
stochastic approach also gives us the systematic change in relative prices of each commodity
in the basket. We have applied this approach to prices of 374 commaodities in the CPI basket
of Pakistan for the period of FY01 to FY 2010 to investigate the systematic relative price
changes. It may be difficult to extract any meaningful result from the detailed presentation of
systematic (MoM, and YoY, and 12-month average) change in relative prices of each of the
374 commodities.* However, it will be useful if we present the systematic (MoM, and YoY,
and 12-month average) change in relative prices for various groups in the CPI basket as in
Table A2 of the Appendix. There are ten groups in the CPI basket of Pakistan as shown in
Table A2. It is clear from the table that coefficients of relative prices of all groups are
significantly different from zero. For comparison we have also given the observed relative
price changes as measured from FBS price data for all the three cases: MoM, YoY and 12-
month moving average.*

The estimated relative prices of ‘Food Beverages & Tobacco’ group are increased
by highest percentage point for MoM changes (0.18 percent). In case of YoY changes,
we find ‘Food Beverages and Tobacco (FBT)’ and ‘Fuel and Lighting’ groups to exhibit
increase in relative prices by 1.72 percent and 0.37 percent respectively. In the case of
12-month moving averages, we find ‘FBT” and ‘House Rent’ groups to depict increase in
relative prices by 1.72 percent and 0.04 percent respectively. In all the three cases, since
the ‘FBT’ group turned out to have the highest change in relative prices, we can say that
inflation during most of the FYO01 to FY10 was FBT price change driven.

Interestingly, for each of the three cases of MoM, YoY and 12-month moving
average, the change in relative prices is found to be highest (positive) for ‘FBT’ group
and lowest (negative) for ‘Recreation and Entertainment (RE)’ group during FYO1 to
FY10. The supply side factor(s) and/or elasticities of demand may be behind this
observed phenomenon as commaodities in the FBT group are more prone to supply shocks
and tend to be less price elastic compared to those in RE group.

Table Al in the Appendix presents the official rate of (monthly, YoY and 12-
month average) inflation and the estimated rate of (monthly, YoY and 12-month average)
inflation based on stochastic as well as extended stochastic approaches along with
standard error of the estimates of inflation for Pakistan based on the data for July 2001 to
June 2010. Numerically, the official and estimated inflation rates seem different. But
when we apply t-test we could not find official inflation rate to be statistically different
from any of the estimated inflation rates based on stochastic as well as extended

"Detailed results can be obtained from the authors, if desired.
\We can see from the Table A2 in the Appendix that the weighted average of the relative prices is zero
in each of the observed and estimated case, which should be.
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stochastic approaches.** Which approach for measuring inflation is better? Obviously the
stochastic approach has an advantage as it estimates the standard errors along with the
inflation rate and is therefore preferable. Furthermore, in the case of using extended
stochastic approach we also get estimates of systematic change in relative prices and their
standard errors. The confidence interval can be built around the estimated rate of inflation
for different useful purposes like wage bargaining.

5. CONCLUSION

In this study we estimate the standard errors of month on month and year on year
inflation rate using the stochastic approach of Selvanathan and Selvanathan (2006) and the
extended stochastic approach of Clements and 1zan (1987) based on individual prices of 374
commodities in CPI basket of Pakistan for the period July 2001 to June 2010. We also
contribute to the literature by employing the stochastic approach to index numbers by
developing a mechanism to estimate the inflation rate and its standard error for period average
CPI. Based on this mechanism, we estimate the standard error of 12-month moving average
YoY inflation rate for Pakistan for the period July 2003 to June 2010. We find that the
standard error of inflation increases with inflation rate in Pakistan. Notwithstanding the fact
that the “higher the standard error the higher the inflation rate’, the estimated standard errors of
inflation rate based on extended stochastic approach are lower than those based on the
stochastic approach. Furthermore, for each of the three cases of MoM, YoY and 12-month
average, the change in relative prices is found to be highest for ‘Food Beverages and Tobacco’
group and lowest for ‘Recreation and Entertainment’ group during FYO01 to FY10.

APPENDIX

Table Al

Official Inflation Rate, Stochastic (Extended Stochastic) Approach Related Estimates of
Inflation and Respective Standard Errors

Month on Month Headline (Year on Year) 12-month moving average
Official ~ Stochastic Extended Official Stochastic Extended Official Stochastic Extended
Inflation  Approach Stochastic Rate of Approach Stochastic Rate of Approach Stochastic
Rate Estimates Approach  Inflation Estimates Approach Inflation Estimate Approach
of Estimates of of Estimates of of Estimates of
Month inflation S.E. Inflation S.E. Inflation S.E. Inflation S.E. Inflation S.E. Inflation S.E.

Jul-03 0.57 101 035 089 024 141 172 0.60 1.80 054 289 3.03 0.16 154 0.48
Aug-03 0.66 076 036 062 015 176 203 0.63 2.04 052 273 2.68 0.14 152 0.48
Sep-03 0.60 053 035 032 018 218 234  0.75 221 0.54  2.60 2.50 0.13 1.50 0.50
Oct-03 1.47 157 057 120 033 351 494 056 3.47 050  2.60 2.37 0.12 1.64 0.50
Nov-03 0.60 069 034 074 014 422 508 0.64 4.29 057 270 2.52 0.13 1.89 0.49
Dec-03 0.90 117 047 112 017 541 6.92 083 5.43 056 287 2.68 0.14 2.22 0.46
Jan-04 -0.09 011 041 -0.07 027 515 6.67 0.98 5.26 058  3.02 3.06 0.16 2.54 0.42
Feb-04 -0.34 -0.48 038 -0.23 031 431 543 0.82 4.62 059  3.09 3.29 0.17 2.79 0.40
Mar-04 1.02 081 044 074 026 534 6.19 0.63 5.52 051 335 3.73 0.19 3.21 0.38
Apr-04 0.96 081 062 042 035 599 6.39  0.59 6.02 0.48  3.66 4.07 0.21 3.56 0.37
May-04 0.69 078 0.65 102 043 7.04 757  0.60 7.03 050 4.03 4.56 0.23 4.08 0.36
Jun-04 112 100 029 112 020 845 9.10 0.67 7.89 053 457 5.26 0.27 4.70 0.36
Jul-04 1.38 158 037 120 025 933 972 0.78 8.21 056 523 5.94 0.30 5.23 0.36
Aug-04 0.59 064 039 062 014 925 959 075 8.20 052 586 6.58 0.34 5.75 0.37
Sep-04 0.37 027 030 028 012 9.00 930 0.76 8.16 055 643 7.03 0.36 6.27 0.40
Oct-04 119 119 051 076 014 870 8.89  0.69 7.72 049 6.86 7.41 0.38 6.62 0.41
Nov-04 112 099 050 105 021 9.26 9.22  0.66 8.04 051 729 7.77 0.40 6.94 0.42

Continued—

The results of t-test are not reported in the paper to save the space. However, those can be obtained
from the authors, if required.
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Table A1l—(Continued)

Month on Month Headline (Year on Year) 12-month moving average
Official Stochastic Extended Official Stochastic Extended Official Stochastic Extended Stochastic
Inflation Approach Stochastic Rate of Approach Stochastic Rate of  Approach Estimate Approach Estimates
Rate Estimates of Approach Inflation Estimates of Approach Inflation of of
Estimates of Estimates of
Month inflation S.E. Inflation S.E. Inflation S.E. Inflation S.E. Inflation ~ S.E. Inflation S.E.

Dec-04 -085 -097 0.70 -0.05 038 7.37 6.91 0.73 6.87 0.54 7.45 7.79 0.40 7.03 0.40
Jan-05 0.97 1.04 023 095 019 851 7.89 0.90 7.88 0.63 7.72 7.90 0.40 7.21 0.38
Feb-05 0.99 1.03 022 083 017 995 9.53 0.80 8.95 0.66 8.19 8.23 0.42 7.54 0.39
Mar-05 1.29 156 055 084 027 1025 1035 0.76 9.05 0.60 8.60 8.56 0.44 7.81 0.40
Apr-05 174 210 101 094 041 1110 1176 115 9.56 0.61 9.03 9.00 0.46 8.11 0.40
May-05 -044 -084 0.88 016 031 9.84 9.96 0.71 8.70 0.51 9.26 9.18 0.47 822 0.39
Jun-05 0.10 -0.28 042 074 019 874 8.57 0.51 8.32 0.46 9.28 9.13 0.47 8.27 0.39
Jul-05 1.62 155 039 106 018 899 854 053 8.17 0.48 9.25 9.04 0.46 8.28 0.38
Aug-05 0.04 012 044 012 023 840 7.98 0.52 7.67 0.46 9.17 8.90 0.46 8.24 0.37
Sep-05 0.50 044 035 034 015 853 8.17 0.53 7.73 0.48 9.13 9.12 0.47 8.21 0.36
Oct-05 0.94 053 043 051 016 827 7.46 0.75 7.48 0.55 9.09 9.01 0.46 8.18 0.37
Nov-05 0.76 094 053 093 018 7.89 7.41 0.70 7.36 0.54 8.97 8.84 0.45 8.08 0.38
Dec-05 -0.27  -0.33 044 -010 023 851 8.10 0.54 7.30 0.45 9.06 8.93 0.46 8.11 0.38
Jan-06 1.20 128 037 09 031 876 8.37 0.54 7.32 0.40 9.08 8.96 0.46 8.06 0.39
Feb-06 0.33 042 045 069 032 805 7.71 0.63 7.17 0.48 8.92 8.81 0.45 7.93 0.40
Mar-06 0.23 025 025 016 017 6091 6.32 0.64 6.49 0.51 8.64 8.50 0.44 7.73 0.41
Apr-06 1.02 109 067 068 029 6.16 5.27 0.96 6.24 0.58 8.23 7.98 0.41 7.45 0.42
May-06 0.45 032 074 034 022 712 6.51 0.76 6.42 0.58 8.01 7.71 0.40 7.28 0.43
Jun-06 0.59 049 037 094 030 765 7.33 0.51 6.62 0.43 7.92 7.61 0.39 7.14 0.43
Jul-06 1.61 164 040 109 024 7.63 7.42 0.61 6.65 0.52 7.81 7.52 0.39 7.01 0.42
Aug-06 1.25 138 044 097 015 893 8.77 0.62 7.50 0.48 7.86 7.59 0.39 7.00 0.40
Sep-06 0.32 0.18 032 038 011 873 8.49 0.61 7.55 0.51 7.88 7.45 0.38 6.97 0.39
Oct-06 0.36 0.44 053 020 022 811 8.39 0.63 7.24 0.46 7.87 7.49 0.38 6.96 0.38
Nov-06 0.73 110 075 068 028 807 8.55 1.09 6.98 0.52 7.89 7.61 0.39 6.97 0.37
Dec-06 0.47 0.88 0.67 050 033 888 9.88 1.60 7.59 0.73 7.92 7.76 0.40 7.03 0.38
Jan-07 -0.88 -1.10 081 -036 052 6.64 7.29 1.04 6.26 0.57 7.74 7.68 0.39 6.96 0.37
Feb-07 1.04 119 036 09 021 7.39 8.12 123 6.53 0.64 7.69 7.71 0.40 6.91 0.35
Mar-07 0.49 027 051 018 031 767 8.14 1.02 6.55 0.66 7.75 7.85 0.40 6.93 0.34
Apr-07 0.31 0.07 080 -005 031 6.92 7.05 0.85 5.82 0.58 7.81 8.01 0.41 6.91 0.33
May-07 0.92 097 097 08 033 741 774 0.98 6.32 0.72 7.83 8.10 0.42 6.89 0.35
Jun-07 0.20 -0.09 046 092 020 7.00 7.12 0.67 6.30 0.61 7.77 8.07 0.41 6.87 0.36
Jul-07 1.01 108 039 110 026 6.37 6.53 0.67 6.31 0.62 7.66 7.99 0.41 6.84 0.36
Aug-07 132 146 045 106 023 6.45 6.61 0.60 6.40 0.55 7.45 7.80 0.40 6.74 0.38
Sep-07 213 232 057 154 023 837 8.89 0.79 7.57 0.57 7.43 7.84 0.40 6.75 0.41
Oct-07 1.23 127 058 090 017 931 9.79 0.85 8.27 0.61 7.54 7.99 0.41 6.85 0.44
Nov-07 0.14 -0.15 059 040 026 8.67 8.44  0.93 8.00 0.67 7.60 7.97 0.41 6.90 0.45
Dec-07 0.58 0.74 049 085 023 879 8.29 129 8.35 0.77 7.60 7.84 0.40 6.92 0.47
Jan-08 191 194 035 158 025 1186 1162 120 1029 0.82 8.04 8.21 0.42 7.27 0.51
Feb-08 0.49 0.18 055 013 041 1125 1050 1.36 9.46 0.88 8.36 8.42 0.43 7.50 0.54
Mar-08 3.08 322 088 235 034 1412 1375 154 1164 0.86 8.91 8.89 0.46 7.95 0.56
Apr-08 3.04 317 118 260 043 1721 1728 105 1429 0.73 9.78 9.74 0.50 8.67 0.57
May-08 2.69 279 083 273 041 1927 19.40 136 1617 0.87 10.78 10.74 055 9.55 0.58
Jun-08 2.10 191 035 217 024 2153 2179 138 1743 092 12.00 1197 061 10.53 0.59
Jul-08 3.34 333 044 303 039 2433 2449 133 1936 079 1351 1348  0.69 11.67 0.60
Aug-08 2.14 233 053 184 029 2533 2557 132 2013 076 1510 1509 0.77 12.86 0.61
Sep-08 0.97 086 041 079 020 2391 2378 119 1938 071 1642 16.34 0.84 13.86 0.62
Oct-08 212 215 057 172 026 25.00 2485 135 2019 079 17.75 1762  0.90 14.84 0.64
Nov-08 -0.12  -0.29 053 062 040 24.68 2468 110 2041 066 19.09 1899  0.97 15.89 0.63
Dec-08 -050 -0.25 048 023 017 2334 2345 098 1979 059 20.29 2024 1.04 16.84 0.60
Jan-09 -042  -055 039 -0.13 0.31 2052 2043 075 1808 055 20.97 2094 107 17.44 0.56
Feb-09 0.95 122 034 115 023 2107 2169 113 1910 070 2175 2184 112 18.19 0.55
Mar-09 1.37 194 070 095 025 19.07 2017 183 1769 087 2211 2234 115 18.59 0.54
Apr-09 141 110 085 098 029 17.19 1776 110 16.07 0.75 22.04 2232 114 18.68 0.52
May-09 0.23 0.04 082 040 040 1439 1461 088 13.74 0.69 2155 2181 112 18.39 0.48
Jun-09 0.99 070 036 132 027 1314 1325 0.84 1289 073 2077 21.010 1.08 17.90 0.45
Jul-09 154 161 038 130 022 1117 1137 085 1117 072 19.60 1984  1.02 17.14 0.44
Aug-09 1.70 166 051 130 027 10.69 1064 0.82 1063 071 1833 1838 094 16.29 0.45
Sep-09 0.45 038 0.38 039 019 1012 1011 078 1023 0.68 17.15 17.05  0.87 15.49 0.48
Oct-09 0.95 089 045 066 015 887 8.74  0.66 9.17 0.63 1579 1561  0.80 14.56 0.51
Nov-09 1.39 127 048 135 022 1051 10.45 0.69 9.90 0.55 14.65 1435 0.74 13.69 0.51
Dec-09 -049 -0.36 051 0.04 023 1052 1032 072 9.72 0.56 13.65 1319 0.68 12.87 0.51
Jan-10 2.42 247 031 228 029 13.68 1368 081 1213 058 1315 1259  0.65 12.42 0.52
Feb-10 0.39 037 028 058 022 13.04 1273 077 1156 058 1257 1184 061 11.87 0.52
Mar-10 1.25 129 022 099 016 1291 1201 109 1161 066 1212 1115 057 11.42 0.51
Apr-10 173 207 071 185 042 1326 1309 0.81 1248 0.65 1184 10.76  0.55 11.16 0.51
May-10 0.06 -0.19 076 017 020 13.07 1283 079 1224 064 1175 1057 054 11.06 0.51
Jun-10 0.65 034 037 078 017 12.69 1243 074 1170 062 1173 1043  0.54 11.01 0.51

Source: Authors’ calculations, except the official inflation rate for which the source is Pakistan Bureau of Statistics.
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Table A2
Group-wise Change in Relative Price (July 01-June 10)
Month on Month Inflation Headline (Year on Year) 12-month moving average
Observed Estimated S.E.  Observed Estimated S.E. Observed Estimated S.E.

Weight Change in Change in Change in  Change in Change in  Change in

inCPl  Relative  Relative Relative Relative Relative Relative
Group Basket Price (%) Price (%) Price (%)  Price (%) Price (%) Price (%)
Food Beverages

& Tobacco 0.403 0.14 0.18 0.001 1.62 1.72 0.01 1.47 1.72 0.01
Apparel, Textile

& Footwear 0.061 -0.26 -0.21 0.004 -3.38 -3.15 0.09 -3.18 -3.22 0.07
House Rent 0.234 -0.06 -0.01 0.001 -0.51 -0.36 0.02 -0.55 0.04 0.02
Fuel & Lighting 0.073 0.03 -0.18 0.003 0.73 0.37 0.08 0.99 -0.44 0.06
Household

Furniture &

Equipment 0.033 -0.24 -0.18 0.008 -2.89 -2.37 0.18 -2.59 -2.16 0.14
Transport &

Communication  0.073 -0.06 -0.14 0.003 -0.34 -1.06 0.08 -0.09 -1.37 0.06
Recreation &

Entertainment 0.008 -0.45 -0.51 0.035 —-6.20 -6.33 0.75 -6.17 —-6.78 0.55
Education 0.035 -0.16 -0.20 0.008 -1.77 -1.48 0.75 -1.87 -1.58 0.13
Cleaning,

Laundry &

Personal

Appearance 0.059 -0.17 -0.17 0.005 —-2.08 -2.21 0.01 -2.04 -2.14 0.07
Medicare 0.021 -0.28 -0.27 0.140 -3.77 -2.86 0.29 -3.34 -3.42 0.22
Source: Authors’ calculations.
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