
RESEARCH ARTICLE

National and subnational purchasing power parity: a review

Amita Majumder . Ranjan Ray

Published online: 9 May 2020

� Indian Institute of Management Calcutta 2020

Abstract The measurement of prices is an important

area of research in economics since prices play a

central role in welfare analysis and macroeconomic

comparisons across time and space. While accurate

figures on inflation and cost of living are required in

temporal comparisons of standard of living in a

country and in adjusting poverty lines over time, such

information is also essential in spatial comparisons of

prices within and across countries. This paper presents

a review of the literature on various aspects of price

comparisons through purchasing power parity.

Keywords Purchasing Power Parity (PPP) �
Subnational PPP � Itemwise PPP

Introduction

The measurement of prices is an important area of

research in economics since prices play a central role

in welfare analysis and macroeconomic comparisons

across time and space. While accurate figures on

inflation and cost of living are required in temporal

comparisons of standard of living in a country and in

adjusting poverty lines over time, such information is

also essential in spatial comparisons of prices within

and across countries.

One popular price metric to compare economic

productivity and standards of living between countries

is purchasing power parity (PPP). PPP of different

countries’ currencies are required in a host of cross-

country calculations such as calculating global

poverty rates, comparison of GDP and consumption

levels between countries and examining how global

inequality has changed over time. Companies and

individual investors who hold stock or bonds of

foreign companies sometimes use PPP figures to

predict the impact of exchange-rate fluctuations on a

country’s economy and thus the impact on their

investment. A working definition of the PPP is

provided in World Bank (2013, p.19) as ’it represents

the number of currency units required to purchase the

amount of goods and services which can be bought

with one currency unit of the base or reference or

numeraire country.’ The PPP concept owes its origins

to early work by Balassa (1964) and Samuelson

(1964). PPP is regarded as a better indicator of the

strength of a country’s currency than exchange rates,

both expressed in terms of a numeraire, typically, the

US dollar. The PPPs, calculated from information on

prices supplied by member countries, are based on a
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wider basket of items than exchange rates, covering

both tradable and non-tradable items. The accuracy of

the PPPs used in the currency conversions in convert-

ing the international poverty line (IPL) into national

currencies is an essential ingredient in the production

of reliable global poverty numbers. Following the

World Bank procedure for calculating global poverty,

the IPL is itself dependent on PPPs since it is

calculated as the mean of the national poverty lines

(in local currency) of the 15 poorest countries in the

world, converted to the numeraire currency at PPP. As

the number of countries included in the global

calculations has grown over the years, so has the

scale and importance of the PPP calculations under-

taken by the International Comparison Program (ICP).

The last two rounds of the ICP for calculating PPPs

were carried out in 2005 (published in World Bank

2008) and in 2011 (published in World Bank 2015).

With significant revision in the PPP estimates over the

ICP rounds, the IPL that is used in the global poverty

calculations has also been revised. For example, with

the recent release of the PPP estimates from the 2011

ICP round, the IPL has been revised from $1.25 a day

in 2005 PPPs to $1.90 a day in 2011 PPPs.

Most of these international comparisons treat a

whole country as a single entity and ignore the spatial

dimension within the country. They ignore the fact

that in large countries, such as Brazil, China, Vietnam

and India, there is much greater variation in prices and

consumer preferences between states or provinces

than there is between several of the smaller countries

that figure in the ICP real income or inequality

comparisons. There is now mounting evidence on

spatial variation in prices within a country. The

variation in the PPP of a currency inside a large

country can be attributed to three related but concep-

tually different factors: (a) intra-national spatial

heterogeneity in preferences, (b) differences in prices

and (c) spatial differences in household size and

composition. In large countries, the combined impact

of these three factors may lead to high spatial

heterogeneity in the PPP of the country’s currency.

The assumption of a single PPP restricts the usefulness

of the methodology adopted in such countries. Within

a country, the measurement of regional differences in

consumer price levels is important to policy-makers in

business, government and academics. Estimates of the

magnitude of regional price differences are needed in

comparisons of real income, standards of living or

consumer expenditure patterns across regions. More-

over, in country-wide calculations of inequality and

poverty, exclusive reliance on nominal income or

expenditure without correcting for price differences

between regions will bias the estimates. What is

required is not an aggregate price deflator that is

invariant across regions since that will leave the

inequality and poverty magnitudes unchanged but

spatial prices as expenditure deflators. Spatial prices

can be used in (a) constructing the spatially differen-

tiated poverty lines that take into account spatial

differences in prices when calculating the cost of

meeting the subsistence needs, (b) designing the

transfer of resources from the centre to the states that

maintain their real (i.e. spatial price deflated) value of

the transferred amount, (c) designing minimum wages

that vary between states and between rural and urban

areas, (d) calculating the ‘dearness allowance’, ‘house

rent allowance’, etc. state-wise and (e) helping a

potential migrant decide whether to move from one

state to another. Spatial heterogeneity in prices is

expected to have its impact on the estimates of income

(expenditure) and price elasticities of items of con-

sumption. These estimates are important from the

point of view of the policy planner as they have

implications in terms of imposition of commodity

taxes. Price elasticity also plays a crucial role in the

pricing decisions of the business firms and the

government when it regulates prices. For example,

for managers, a key point in the discussions of demand

is what happens when they raise prices for their

products and services. It is important to know the

extent to which a percentage increase in unit price will

affect the demand for a product. With elastic demand,

total revenue will decrease if the price is raised. With

inelastic demand, total revenue will increase if the

price is raised.

Temporal element in price movement in single

country contexts has always attracted the bulk of the

attention of the economists, especially for measure-

ment of inflation. However, the measurement of

spatial variation in prices within a country has

generally proceeded separately from that of the

temporal movements in prices in the country as a

whole. In case of large heterogeneous countries and

long time period, the spatial and temporal aspects will

interact to record large regional differences in inflation

over time.
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While the PPPs discussed above provide an overall

picture of purchasing power for a national/subnational

region, the contribution of the items comprising the

overall index is not apparent from the overall value.

Yet in terms of policy implication, it may be important

to identify the items that are major contributors to

differential purchasing power of a country’s currency

unit across its regions. One may, therefore, be

interested in individual item-specific PPPs and their

variations. This variation could be for a particular item

over space/time (e.g. rural–urban comparison) and/or

across items given space/time (e.g. food PPP may not

be the same as non-food PPP). The variation in PPPs

across items, if present, will result in a variation in the

overall PPP between households because of variation

in household expenditure patterns.

In what follows, we present a review of the

literature on various aspects of price comparisons

discussed above.1 The plan of the paper is as follows.

Section 2 describes the alternative methods that have

been used in calculating the price indices for interna-

tional comparisons and their applications; Sect. 3

discusses subnational PPPs; Sect. 4 presents some

results on the spatial–temporal aspect; and Sect. 5

discusses determination of specific PPPs. Finally,

Sect. 6 concludes the paper.

Alternative PPP estimation procedures

and applications: international comparisons

In view of its importance, the methodologies adopted

to calculate the PPP have received considerable

critical scrutiny. For example, Hill (2000) and Almas

(2012) analyse and quantify the PPP bias in the widely

used Penn World Table of incomes of various

countries. One of the most prominent methods adopted

in the PPP calculations has been the Country Product

Dummy Method (CPD), due to Summers (1973), that

is based on the idea of hedonic price regressions and

was originally proposed to deal with the problem of

missing observations in international price compar-

isons. The CPD method has been analysed and

extended by Diewert (2005) and Rao (2005). Coondoo

et al. (2004) extend the CPD methodology by using it

in conjunction with the idea of a ‘quality or price

equation’, due to Prais and Houthakker (1955), to

calculate spatial prices in the Indian context. The

methodology proposed by Coondoo et al. (2004) has

been used in modified form in the cross-country

context by Deaton et al. (2004) to calculate PPP rates

between India and Indonesia. The latter study is not

based on any preference consistent ’complete’

demand system. In contrast, Oulton (2012) takes an

expenditure function-based approach, but does not

consider the spatial dimension within each country in

the cross-country expenditure comparisons.

We discuss below various methods that have been

used to calculate the PPPs.

The ICP methodology—GEKS Index

The ICP distinguishes between ‘below basic headings’

and ‘above basic headings’ in the procedures it uses to

calculate the PPP. A full description of the ICP

methodology is contained in World Bank (2013)—

see, in particular, the contributions by Rao (Chapters 1,

4) and Diewert (Chapters 5, 6) in that volume. The ICP

follows a hierarchical approach for estimating the PPPs.

Basic headings (BH) are the lowest level at which the

PPPs are estimated. TheBHPPPs are then aggregated to

calculate PPPs for different uses in cross-country

comparisons. In this study, we will restrict ourselves

to the PPP estimation procedure above the BH levels,

building on the prices constructed from below the BH

levels. While the unweighted CPD method (described

below) is used by the ICP below the BH level to deal

with the problem of missing price information, the

commonly used methods of aggregation for computing

PPPs for GDP and othermajor aggregates above the BH

level are theGini-Elteto-Koves and Szulc (GEKS), Ikle,

Geary–Khamis and the Rao or weighted CPDmethods.

An important principle that multilateral PPP esti-

mation ought to satisfy is the transitivity principle

which is as follows:

PPPjk ¼ PPPjm � PPPmk: ð1Þ

In words, the PPP between countries j and k can be

obtained as the product of the PPP between j andm and

that between m and k. This property guarantees the

level of internal consistency required in international

comparisons. When PPPs are based on a single

product, this property is guaranteed for simple price

indices such as relative price. However, this is not so if

we have multiproduct in the multilateral comparisons.

1 References to relevant literatures on these aspects are given in

the subsequent sections.
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Instead, the GEKS method is used by the ICP above

the BH level.

The GEKS method is a generic method which

generates transitive indexes from a matrix of binary

indexes which satisfy the country reversal test but not

transitivity. Let Ijk represent a price index (or PPP) for

country k with country j as base (j, k = 1,2,…,M) such

that Ijk:Ikj = 1. Then, the GEKS index is given by:

GEKSjk ¼
YM

l¼1

Ijl � Ilk
� � 1

M: ð2Þ

The GEKS index can be implemented once the

binary index number formula to compute Ijk is chosen.

The Fisher binary index is the most commonly used

index. It is the square root of the product of Laspeyres

and Paasche price indices and is given by2

Ijk ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiPN
i¼1 pikqijPN
i¼1 pijqij

�
PN

i¼1 pikqikPN
i¼1 pijqik

s

; ð3Þ

where N is the number of commodities and pik is the

price of commodity i in country k.

The Geary–Khamis (GK) Index

Let pij and qij denote the price and quantity of

commodity i for country j, i = 1,2 ….. N and j = 1,2

…, M. Let Pi and PPPj, respectively, denote the

international price of ith commodity and the purchas-

ing power parity of jth currency. The Geary–Khamis

method defines the international prices and the

purchasing power parities through the following

system of (M ? N) equations:

Pi ¼
XM

j¼1

qijPM
j¼1 qij

� pij
PPPj

 !
; PPPj ¼

PN
i¼1 pijqijPN
i¼1 Piqij

:

ð4Þ

In general, the above system of equations, a set of

(M ? N) linear homogeneous equations in as many

unknowns, has a unique positive solution for the Pi’s

and PPPj’s apart from an undetermined scalar

multiplicative factor [see Geary (1958), Rao (1971)

and Khamis (1972)]. As defined above, the GK

method is multilateral since the ‘international price’,

Pi; is defined in (4) as the quantity-weighted average

of prices in all the countries. It is possible, however, to

define a bilateral GK with the ‘international price’

defined as the weighted average of only the countries

being compared. While multilateral GK is transitive,

bilateral GK is not. However, multilateral GK has the

disadvantage of violating the ‘characteristicity’

requirement of Drechsler (1973) that stipulates that

the PPP between two countries should depend on the

prices and expenditures in those two countries alone.

The equally weighted Geary–Khamis (EWGK)

index

Given that the GK index gives greater weight to the

price vectors of larger countries when determining the

reference price vector resulting in the ’Gershenkeron

effect’ explained above, an equally weighted variant

of the index has been proposed.3

The equally weighted Geary–Khamis method

defines the international prices and the purchasing

power parities through the following system of

(M ? N) equations:

Pi ¼
XM

j¼1

wijPM
j¼1 wij

pij
PPPj

 !
; PPPj ¼

PN
i¼1 pijqijPN
i¼1 Piqij

;

ð5Þ

where wij denotes the share of good i in the expen-

diture of country j.

The CPD PPP

The Country Product Dummy (CPD) PPPs are

estimated from the following equation:

ync � ln pnc
¼ a1D1 þ a2D2 þ � � � þ aMDM þ g1D

�
1 þ g2D

�
2

þ � � � þ gND
�
N þ vnc;

ð6Þ

where Dc (c = 1,2,…,M) and Dn
* (n = 1,2,…,N) are,

respectively, country and commodity dummy vari-

ables and vnc’s are random disturbance terms which

2 Note that if the Fisher index is replaced by Tornqvist formula,

the GEKS index can be derived from the stochastic CPD

approach of Rao described below. However, Balk (2009)

recently provided an overview of various multilateral methods

and endorsed the GEKS-Fisher method as a centre stagemethod,

particularly from the economic approach of international

comparisons. 3 See Balk (2009), Eq. (43) and Hill (2000), Eq. (10).
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are independently and identically (normally) dis-

tributed with zero mean and variance r2.

Under complete price information, comparisons of

price levels between two countries c and d, repre-

sented by PPPcd , can be derived as:

PPPcd ¼ ad
ac

¼
YN

n¼1

pnd
pnc

� �1=N
: ð7Þ

However, Rao (1995), in the spirit of the standard

index number approach, proposed that a more appro-

priate procedure would be to find estimates of the

parameters that are likely to track the more important

commodities more closely. This is achieved by

minimising a weighted residual sum of squares, with

each observation weighted according to the expendi-

ture share of the commodity in a given country.4

Thus, the generalised CPD method suggests that

estimation of Eq. (6) is conducted after weighting

each observation according to its value share. This is

equivalent to the application of ordinary least squares

after transforming the equation pre-multiplied byffiffiffiffiffiffiffi
wnc

p
, where wnc is the budget share of item n in

country c. The equation thus becomes:

ffiffiffiffiffiffiffi
wnc

p
ln pnc ¼

ffiffiffiffiffiffiffi
wnc

p XM

i¼1

aiDi þ
ffiffiffiffiffiffiffi
wnc

p XN

j¼1

giD
�
j þ unc:

ð8Þ

Rao (2005) has shown that PPPs resulting from the

least squares estimation of the above weighted CPD

equation are equivalent to a system of expenditure-

share weighted log-change system. The Rao system is

given by:

PPPd ¼
YN

n¼1

pnd
Pn

� �wnd

; setting one country as

the numeraire;

and Pn ¼
YM

c¼1

pnc
PPPc

� � wncPM

c¼1
wnc

; ð9Þ

where Pn, n = 1,2,…,N are the international average

prices (at the numeraire country’s currency) of com-

modities. PPPd is the PPP of country d with respect to

the numeraire country. Note that
PN

n¼1 wnd ¼ 1; the

sum of budget shares in country d.

The basic CPD model, given by Eq. (6) above, has

the advantage that, as it is based on stochastic

formulation, it allows the use of a range of economet-

ric tools and techniques that are not normally used in

the computation of PPPs. In particular, the regression

approach provides estimated standard errors for all the

coefficients. An added advantage is that the stochastic

formulation of CPD given by (6) and (8) can be

extended to allow regionally correlated price move-

ments via admitting spatially correlated errors. The

empirical literature on subnational and cross-country

PPPs is generally based on the assumption that there is

no interdependence between the price movements in

various regions of a country or between that in various

countries. There is some evidence to the contrary in

early work reported by Aten (1996) on subnational

PPPs and by Rao (2001) on cross-country PPPs.

The spatial CPD model is given by:

ycn ¼ a1D1 þ a2D2 þ � � � aMDM þ b1D
�
1 þ b2D

�
2

þ � � � þ bND
�
N þ ecn;

ð10Þ

where Dc and D�
n are, respectively, the country and

commodity (product) dummy variables.

Here, e, the vector of ecn’s, is specified as follows:

e ¼ qSeþg;

where q is the overall spatial correlation and gcn’s are
i.i.d. with mean 0 and variance r2

: .

S is a spatial weight matrix of order NM 3 NM.

The spatial weight matrix can be of various types

depending on the neighbourhood criteria, based on

distance, in general. For example,

Sij ¼ 1 if i and j belong to the same

‘‘neighbourhood‘‘ and i 6¼ j;

Sij ¼ 0 otherwise:

q can be estimated using maximum likelihood

methods in the joint estimation of the two equations.

The True Cost of Living Index (TCLI) as a PPP

The TCLI, proposed by Konus (1939), is the ratio of

the minimum expenditures to obtain the same standard

of living, given by the indirect utility indicator, u, in
4 Weinand and von Auer (2020) propose a multistage version of

the weighted CPD model to analyse regional price information

in Germany.
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two price situations. If we denote p1 and p2 as the price

vector in initial and given years, respectively, and c (u,

p) as the cost or expenditure function, then the TCLI in

year 2 with year 1 as base is given by:

Pðp1; p2; uÞ ¼ c u; p2ð Þ
c u; p1ð Þ ; ð11Þ

where u is the reference utility level. In general,

namely, unless preferences are homothetic, the TCLI

as defined in (11) will depend on the reference utility

level. The TCLI was proposed in the temporal context

to measure price changes over time. If, however, we

define p1 and p2 as price vectors in two countries, 1 and

2, where 1 is the reference country, 2 is the comparison

country and �u is the common utility level in the two

countries, then we can view Pðp1,p2, �uÞ as the PPP of

country 2 with respect to country 1—see Majumder

et al. (2015a, b) for an application of TCLI in

computing PPP between India and Vietnam.

To make Eq. (11) operational, we need to assume

specific functional form for the cost or expenditure

function, c(u, p). Following Coondoo et al. (2011), we

assume that the underlying expenditure function is the

Quadratic Logarithmic (QL) system. A specific form

of the QL system is the Quadratic Almost Ideal

Demand System (QAIDS) due to Banks et al. (1997).

The QAIDS expenditure function is given by:

C u; pð Þ ¼ a pð Þ � exp b pð Þ
ð1= ln uÞ � k pð Þ

� �
; ð12Þ

p is the price vector, a pð Þ is a homogeneous

function of degree one in prices, b pð Þ and k pð Þ are

homogeneous functions of degree zero in prices, and

u denotes the level of utility.

The corresponding True Cost of Living Index

(TCLI) in logarithmic form comparing price situation

p2 with price situation p1 is given by:

lnP p2; p1; u�
� �

¼ ln a p2
� �

� ln a p1
� �	 


þ b p2ð Þ
1

ln u� � k p2ð Þ
� b p1ð Þ

1
ln u� � k p1ð Þ

" #
;

ð13Þ

u� is the reference utility level. Note that ’price

situation’ refers to the prices prevailing in a particular

country in a given year.

Therefore, if we change the notation from 1 and 2 to

c and d, respectively, then PPP of country d with

respect to country c is given by:

PPPcd ¼
a pd
� �

a pcð Þ exp
b pd
� �

1
ln u� � k pdð Þ

� b pcð Þ
1

ln u� � k pcð Þ

" #
:

ð14Þ

It is worth noting that (14), which involves binary

comparison between c and d, yields a transitive index,

unlike the Fisher andTornqvist price indices.Note, also,

that to make (14) operational, we need to estimate the

parameters of the functions, a(p), b(p), and k(p) from the

demand systems in the two countries, c and d. This is

typically done from the information on expenditures on

various items by the households contained in the

household expenditure surveys. Demand system esti-

mation also requires price information at the household

level that is not usually available in the expenditure

surveys. Majumder et al. (2015a, b) overcome the

problem by using unit values, obtained by dividing the

item expenditures by item quantities with appropriate

corrections for quality and demographic effects. Coon-

doo et al. (2011), on the other hand, circumvent the

problem by proposing a three-step computation proce-

dure that does not require any explicit price information.

The Coondoo et al. (2011) Procedure

The budget share functions corresponding to the cost

function (12) are of the form

wi ¼ ai pð Þ þ bi pð Þ ln x

a pð Þ

� �
þ ki pð Þ

b pð Þ ln
x

a pð Þ

� �2

;

i ¼ 1; 2; . . .N:

ð15Þ

x denotes nominal per capita expenditure and

i denotes item of expenditure.

The procedure for estimating PPP for M countries,

taking country 0 as base, involves three stages.

Stage 1 a set of item-specific Engel curves relating

budget shares to the logarithm of income are estimated

for each country d = 0, 1, 2…M as follows.

wd
ij ¼ adi þ bdi lnx

d
j þ cdi lnxdj

� �2
þedij; ð16Þ

i denotes item, j denotes income category (or

household), edij is a random disturbance term, and
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adi ; b
d
i ; c

d
i are parameters that contain the price infor-

mation on item i in country d.

Stage 2 aðpdÞ; r = 0, 1, 2…,M is estimated from the

following equation obtained by equating Eqs. (15) and

(16):

b̂di � b̂0i ¼ ln a p0
� �

2ĉ0i
� �

� ln a pd
� �

2ĉdi
� �

þ edi ;
d ¼ 1; 2; . . .;M:

ð17Þ

Here, edi is a composite error term, which is a linear

combination of the individual errors of estimation of

the parameters adi ; b
d
i ; c

d
i and p0 denotes the price

vector of the base country.

Stage 3Using the normalisation b p0ð Þ ¼ k p0ð Þ ¼ 1;

the money metric utility u0j of the jth income group of

the base country that has nominal per capita income

x0j ¼ C u0j;p
0

� �� �
is obtained from (12) as:

1

ln u0j
¼ 1

ln
x0j

a p0ð Þ

þ 1: ð18Þ

Again, using the expression in (12) for country d,

income group j, and (18), b pd
� �

and k pd
� �

d = 1,

2…, M; are estimated from the following regression

equation5:

1

ln
xdj

da pdð Þ

� � ¼ 1

b pdð Þ
1

ln
x0j

da p0ð Þ

þ 1

0

BB@

1

CCA�
k pd
� �

b pdð Þ þ error:

ð19Þ

To estimate (19), we take j as decile (percentile)

group so that the data are ordinally comparable across

countries.

The PPPs are then estimated as TCLIs from

Eq. (14) for a given reference level of utility u� (taken
to be the one corresponding to the median level

income of the base country). It may be emphasised that

a pd
� �

; b pd
� �

and k pd
� �

are estimated as composite

variables and no explicit algebraic forms for these

functions are assumed. This confers the advantage that

the estimated PPPs are not dependent on a priori

specified particular functional forms such as the

specification proposed by Banks et al. (1997).

Applications (Cross-Country PPPs)

The literature on PPP is large and growing. Froot and

Rogoff (1995), Rogoff (1996), Sarno and Taylor (2002),

Lan and Ong (2003), Taylor and Taylor (2004), Taylor

(2006),Chen et al. (2007) andClements et al. (2010) are a

subset of available literature reviewson thematter.Given

the crucial role that PPPs play in international compar-

isons, there has been considerable controversy on thePPP

values that should be used as deflators. While Clements

et al. (2006a, b) provide a method of comparison of

consumption patterns between countries that is free of

currency units, the requirement of PPP is, in general,

unavoidable in most cross-country comparisons. Recent

examples of international comparisons of real income or

real expenditure include Hill (2004), Neary (2004) and

Feenstra et al. (2009). Oulton (2012) sets out a prefer-

ence-based algorithm for comparing living standards

across countries.

The cross-country PPPs, with India as base, are

reported in Table 1. These relate to the ICP round,

2011. The PPPs from applying the CPD and TCLI

procedures were estimated in a study by Majumder

et al. (2017), and the ICP PPPs are the ones reported in

World Bank (2015), with a change in base country

from the USA to India.

The TCLI-based procedure requires expenditure

information disaggregated by expenditure classes for

the demand estimation. Since such information is

publicly available only for a select group of countries,

in the interest of comparison, in Table 2 the CPD and

ICP PPPs are reported and compared for a limited set

of countries rather than the full set of 200 or so

economies featuring in the ICP, 2011 exercise (Ma-

jumder et al. 2017).

Subnational PPPs

Within a country, the measurement of regional differ-

ences in consumer price levels is important to policy-

makers in business, government and academics. As

noted earlier, estimates of the magnitude of regional

price differences are needed in comparisons of real

income, standards of living or consumer expenditure

patterns across regions. In large Federal countries with

5 The regression set-up arises because da pdð Þ and da p0ð Þ are

estimated values. See Coondoo et al. (2011) for a detailed

description.
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considerable heterogeneity in preferences, quality of

items and household characteristics between regions,

the calculation of regional price differentials, hence,

acquires considerable importance.

A significant bottleneck in the calculation of spatial

prices has been the absence of detailed (i.e. item-wise)

price information across various regions. ‘Spatial

comparisons of consumer prices pose specific prob-

lems because of the non-overlapping nature of the

consumption baskets, major differences in the quality

of items priced in different regions, and the non-

availability of crucial data on region-specific expen-

diture patterns. These problems require the develop-

ment of new analytical techniques that can handle

major differences in quality’ (ILO and Others, 2004).

To address the problem of non-availability of prices,

variousmethods havebeenproposed to compute proxies

for prices. Some of these methods are listed below.

(1) Unit values: these are computed by dividing

expenditures by quantities at the household level

obtained from the unit records in the household

expenditure surveys. Since unit values are endoge-

nous and depend on the household’s consumption

decisions, they are not true measures of exoge-

nously determinedprices.Computationof quality-

adjusted unit values has beenproposed byCox and

Wohlgenant (1986), Deaton (1988) and Hoang

(2009). However, information on unit values is

restricted to food items, and hence, the estimated

spatial price indices are limited to only a subset of

items in household spending.

(2) Pseudo Unit Values: The procedure for esti-

mating spatial prices in the absence of unit

values or price information at the item level is

due to Lewbel (1989). This procedure is based

on the concept of generalised Barten (1964)

equivalence scales, where the generalisation

allows the scales to depend on the exact mix of

goods that comprise each group of items, as well

as on demographic variables. The Lewbel

procedure exploits the variation in household

size and composition in a single household

expenditure survey data to construct what

Atella et al. (2004) call ‘pseudo unit values’

(PUVs) that can be used as proxy for the

missing prices.6
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6 See also Menon et al. (2017).
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A third alternative to get around the problem of

prices is to use the TCLI-based PPP index (discussed

in an earlier Section) that does not require item-

specific price/unit value data.

The methods used for calculating the subnational

PPPs are mostly the ones that have been used in the

context of international comparisons. Examples of

studies on spatial prices within a country include Aten

and Menezes (2002) and Deaton and Dupriez (2011) on

Brazil, De Carli (2010), Biggeri et al. (2008, 2010),

Montero et al. (2019) on Italy, Weinand and von Auer

(2020) on Germany, Dikhanov et al. (2011) on Philip-

pines, Coondoo, Majumder and Chattopadhyay (2011),

Majumder, Ray and Sinha (2012), Majumder et al.

(2012, 2015a) and Deaton and Dupriez (2011) on India,

Majumder et al. (2015b) on Vietnam, Mishra and Ray

(2014) on Australia, Brandt and Holz (2006), Biggeri

et al. (2017) for China, Gomez-Tello et al. (2018) for

Spain.

Recently, Costa et al. (2019) proposed a new

method for estimating PPPs at subnational level for

OECD countries using publicly available data from

the OECD and the US Bureau of Economic Analysis.

The method is based on the Balassa-Samuelson (1964)

hypothesis, which states that countries with a higher

level of income per capita tend to have higher price

levels. They estimated regional prices for a time series

of more than ten years (2000–2016) and for more than

300 OECD large regions (Territorial Level 2

regions).7 The process involves three steps. In the

first step, a relationship between state prices and state

household disposable income per capita including also

data on the industrial composition of the GDP by State

in the USA is defined through the following regression

equation.

lnPit ¼ b0 þ b1 lnHDIpcit þ b2Indit þ b3Servit þ uit;

ð20Þ

where Pit is the price in purchasing power parities of

the state i in period t, HDIpcit is the corresponding

value of the available household disposable income

per capita, Indit is the weight of the industry and Servit
the weight of the services over GDP in each state i in

period t.

In the second step, OECD regional prices are

estimated based on the derived relationship from Step

1. For region h that belongs to country J in period t, the

predicted prices are:

p̂Jht ¼ expðb̂0 þ b̂1lnHDIpcJht þ b̂2IndJht
þ b̂3ServJhtÞ: ð21Þ

To ensure that the weighted sum of the regional

price levels matches the reference national price

levels, these prices are adjusted as:

p̂�Jht ¼ sJt b:pJht; ð22Þ

where sJt ¼ pJtP
h
wJhtb:pJht

is the adjustment factor, pJt

refers to the price level of country J in period t andwJht

Table 2 TCLI-based PPPs from Household Level Data: (Base Country: India), 2011

Country ICP PPP (Base: India) TCLI based PPPs

Overall Quintile 1 Quintile 2 Quintile 3 Quintile 4 Quintile 5

Iraq 35.882 41.932 45.060 45.705 40.995 37.678 29.124

Malawi 5.195 7.166 5.718 7.244 7.116 7.461 6.811

Tanzania 38.494 30.080 23.887 29.605 29.047 31.053 30.117

Vietnam 479.060 639.906 562.399 663.861 635.605 628.115 542.026

Source: Majumder et al. (2017)

Data source for Tables 1 and 2: (i) Global Consumption Database: Retrieved from https://datatopics.worldbank.org/consumption/

home on 4/7/2015. (ii) Data provided by World Bank: ICP 2011 Data for Researchers.

7 For analytical purposes, the OECD classifies regions as the

first administrative tier of subnational government (for example,

States in the USA, Provinces in Canada or Régions in France).

This classification is used by National Statistical Offices to

collect information, and it represents in many countries the

Footnote 7 continued

framework for implementing regional policies. While the

number of regions (so-called Territorial Level 2 or TL2 in the

OECD classification) varies from country to country, the

international comparability is ensured by the fact that these

administrative regions are officially established in countries.
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refers to the weight of the GDP in region h over GDP

in country J in period t.

In the third and final step, OECD regional price

parity indices (regional PPPs) are estimated by using

the adjusted regional prices derived from Step 2 and

the PPPs at national level as

PPPJht ¼ p̂�Jht:PPPJt; ð23Þ

where PPPJht refers to the PPPs at regional level (in $)

and PPPJt refers to the PPPs at national level (in $).

Applications (subnational PPPs)

Table 3 reproduces subnational PPPs for two selected

countries, viz. India and Italy that have been calcu-

lated in Deaton and Dupriez (2011) and Menon et al.

(2019), respectively.

Figure 1 reproduces (from Majumder et al. (2019))

the spatial price maps8 For the 19 major states in India

in rural and urban areas, respectively, with various

shades of colour representing the different bands into

which the price indices fall. Figure 2 reports the

corresponding spatial price map based on the spatial

price indices in the district. In both cases, the Fisher

price index formula has been used to compute the

spatial price indices. Spatial heterogeneity in prices

within India is evident from Fig. 1. Figure 2 shows

that there is lot more price heterogeneity between

districts than is evident at the level of states. In case of

several of the states, there is heterogeneity between the

districts within the state as seen from the frequent

change of colour in a state in Fig. 2.

Table 4 presents the subnational PPPs for some

selected OECD countries for the year 2016, taken from

the tables presented in Costa et al. (2019). Clearly, the

estimates underline the importance of account for

price differentials when assessing regional economic

disparities.

Subnational PPPs with Spatial Autoregressive

(SAR) Error structure

The literatures on spatial and temporal prices have

generally moved in parallel, with the spatial studies

looking at differences in prices faced by a cross section

of units at a single time period, while the temporal

studies concentrate on price changes faced by a single

unit over time. In case of the measurement of price

movements over a long time period for a large,

heterogeneous country such as India, the spatial and

temporal aspects will interact to record large spatial

differences in inflation over time. There was an early

recognition of this interaction in the studies on India

by Bhattacharyya et al. (1980), Bhattacharya et al.

(1988) and Coondoo and Saha (1990). Recent exam-

ples of studies that investigate the spatial and temporal

aspects of price movements in a unified framework

include Hill’s (2004) study on the European Union and

Almas et al.’s (2013) study on India. Hill (2004)

proposes ’a general taxonomy of panel price index

methods’ (p. 1379) to compute spatial and temporal

price indexes and investigate whether there was

convergence in price levels and relative prices across

the European Union. Hill’s (2004) methodology

requires panel data sets which are not often available.

As he explains, ’One reason why panel comparisons

have not received more attention in the index number

literature is the lack of suitable data sets’ (p. 1379). In

contrast, Almas et al. (2013) propose a methodology

that can be implemented on available data sets, for

calculating spatial prices in India based on the

estimated budget share equation for food specified as

a linear function of nominal household expenditure

and a set of household-specific control variables. The

fact that the literatures on the measurement of the

spatial and temporal variation in prices have moved in

parallel has meant that there has been an absence of a

single unified framework that allows for both sets of

calculations.

The basic premise of the approach in Coondoo et al.

(2004) to model both aspects, as discussed above, is

the concept of quality equation due to Prais and

Houthakker (1971) in which the price/unit value for a

commodity paid by a household is taken to measure

the quality of the commodity group consumed (and

hence the price/unit value is postulated to be an

increasing function of the level of living of the

household) and the Country Product Dummy (CPD)

model due to Summers (1973). Majumder and Ray

(2017) extend this model to adapt it to the household

context by introducing household demographics. This

model has been called the ‘Household Regional

Product Dummy’ (HRPD) model. This model has

been further modified by Chakrabarty et al. (2018) and8 These maps have been drawn by Sattwik Santra.
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has been called the ‘Dynamic Household Regional

Product Dummy’ (DHRPD) model with the following

features: (a) it allows the movement in the spatial price

indices to be correlated over time, and (b) it allows

interdependence between price indices in neighbour-

ing states or regions in a country.9

The model is given by

pjrht � prt ¼ ajt þ
X4

i¼1

dijtnirht

þ kjt þ gjrt
� �

yrht � prtð Þ þ ejrht; ð24Þ

ajt, dijt, kjt; gjrt and prt are the parameters of the

model, pjrht denotes the natural logarithm of the

nominal price/unit value for the jth commodity j ¼

1; . . .;N paid by the hth sample household of region r,

(r = 0,…,R), at time t ¼ 1; . . .; T . yrht denotes the

natural logarithm of the nominal per capita income/per

capita expenditure (PCE) of the hth sample household

in region r, at time t. In principle, p0rt s may be

interpreted as the natural logarithm of the value of a

reference basket of commodities purchased at the

prices of region r in time t. The left-hand side of

Eq. (24) thus measures the logarithm of the price/unit

value paid in real terms and yrht � prtð Þ on the right-

hand side of Eq. (24) measures the logarithm of real

PCE. The parameters prt � p0tð Þ, with r = 1,…,R and

t = 1,…,T, denote a set of logarithmic price index

numbers for individual regions measuring the regional

price level relative to that of the reference numeraire

region (r = 0) at time t and the spatial price index is

given by the formula exp prt � p0tð Þ.

Table 3 Subnational PPPs

India* Italy**

State Törnqvist GEKS index Region Divisia Index WHRPD@ PPP TCLI PPP

Rural Urban

Jammu & Kashmir 1 1.05 Italia 1 1 1

Himachal Pradesh 0.99 1.08 Piemonte 1.12 1.13 1.07

Punjab 0.95 1.03 Lombardia 1.24 1.15 1.19

Uttaranchal 0.94 1.03 Trentino Alto Adige 1.12 1.13 1.25

Haryana 0.99 1.04 Veneto 1.20 0.66 1.15

Rajasthan 0.95 1.01 Friuli Venezia Giulia 1.13 0.83 1.07

Uttar Pradesh 0.87 0.98 Liguria 0.88 0.65 1.03

Bihar 0.91 0.97 Emilia Romagna 1.21 1.14 1.14

Assam 1.05 1.14 Toscana 1.05 0.71 1.08

West Bengal 0.93 1.04 Umbria 1.03 0.99 1.01

Jharkhand 0.93 1.01 Marche 1.02 0.89 1.02

Orissa 0.90 0.95 Lazio 0.97 0.97 1.02

Chhatisgarh 0.91 0.97 Abruzzo 1.02 1.03 0.93

Madya Pradesh 0.87 0.97 Molise 0.95 0.80 0.90

Gujarat 1.02 1.13 Campania 0.74 0.50 0.84

Maharashtra 0.97 1.14 Puglia 0.83 0.63 0.84

Andhra Pradesh 0.93 1.00 Basilicata 0.80 1.06 0.82

Karnataka 0.85 1.00 Calabria 0.73 0.55 0.74

Kerala 0.97 1.02 Sicilia 0.69 0.56 0.72

Tamil Nadu 0.94 1.04 Sardegna 0.71 0.43 0.82

*Source: Deaton and Dupriez (2011), Data: National Sample Survey (NSS) 61st round (2004-5)
**Source: Menon et al. (2019), Data: 2013 Italian household budget survey conducted by the National Statistical Institute (Italian

Statistical Institute, ISTAT) @WHRPD: Weighted Household Regional Product Dummy

9 Weinand and von Auer (2020) provide evidence from

Germany that price levels are spatially auto-correlated and

largely driven by the cost of housing.
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Fig. 1 State-level spatial price indices (All-India = 1): NSS 68th Round (2011–2012)

Fig. 2 District-level spatial price indices (All-India = 1): NSS 6th Round (2011–2012). Source: Majumder et al. (2019)
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Tables 5, 6 present estimates of state-wise spatial

and temporal PPPs, respectively, for India based on

the DHRPD model.

Item-specific subnational PPPs

The variation in PPPs across items, if present, will

result in a variation in the overall PPP between

households because of variation in household expen-

diture patterns. This is consistent with the argument of

Reddy and Pogge (2007) that in converting national

Table 5 Estimates of Spatial Price Indices (AR(1) Model) with Dependence on Neighbouring States of India: 55th—68th rounds

State Rural Urban

55th round

(1999–2000)

61st round

(2004–2005)

66th round

(2009–2010)

68th round

(2011–2012)

55th round

(1999–2000)

61st round

(2004–2005)

66th round

(2009–2010)

68th round

(2011–2012)

AP 0.999

(- 0.008)

1.015

(0.161)

1.030

(0.324)

1.051

(0.639)

0.993

(- 0.104)

0.998

(- 0.028)

1.042

(0.474)

1.006

(0.081)

AS 1.157**

(2.282)

1.155**

(2.342)

1.115*

(1.871)

1.056

(0.949)

1.119**

(2.040)

1.115**

(1.985)

1.032

(0.580)

1.048

(0.866)

BI 0.952

(- 0.502)

0.912

(- 0.792)

0.919

(- 0.725)

0.896

(- 1.149)

1.100

(0.950)

0.983

(- 0.183)

0.901

(- 1.144)

0.862

(- 1.656)

GU 1.055

(0.588)

1.014

(0.131)

0.960

(- 0.410)

1.009

(0.109)

1.167

(1.662)

1.130

(1.396)

1.027

(0.311)

1.008

(0.091)

HA 1.018

(0.269)

0.935

(- 0.872)

0.978

(- 0.302)

0.983

(- 0.255)

1.101

(1.328)

1.064

(0.846)

1.036

(0.498)

0.999

(- 0.019)

KA 1.015

(0.181)

0.962

(- 0.442)

0.929

(- 0.848)

0.947

(- 0.761)

1.025

(0.336)

0.966

(- 0.422)

0.936

(- 0.782)

0.991

(- 0.122)

KE 1.093

(1.399)

1.073

(1.038)

1.003

(0.046)

1.025

(0.406)

1.024

(0.399)

0.980

(- 0.322)

0.915

(- 1.432)

0.904*

(- 1.824)

MA 1.013

(0.131)

0.941

(- 0.577)

0.959

(- 0.399)

1.005

(0.057)

1.123

(1.236)

1.095

(0.973)

1.070

(0.698)

1.050

(0.535)

MP 0.885

(- 1.205)

0.836

(- 1.544)

0.892

(- 0.967)

0.903

(- 1.024)

1.056

(0.537)

1.023

(0.230)

0.964

(- 0.375)

0.903

(- 1.057)

OR 0.971

(- 0.369)

0.950

(- 0.574)

0.892

(- 1.317)

0.899

(- 1.426)

1.036

(0.479)

0.952

(- 0.684)

0.905

(- 1.344)

0.838**

(- 2.572)

PU 1.035

(0.561)

0.992

(- 0.117)

1.006

(0.095)

1.037

(0.587)

1.038

(0.590)

1.046

(0.684)

1.003

(0.052)

0.987

(- 0.220)

RA 0.957

(- 0.534)

0.940

(- 0.645)

0.924

(- 0.831)

0.906

- (1.223)

1.085

(0.895)

1.048

(0.518)

1.006

(0.067)

0.935

(- 0.859)

TN 1.044

(0.619)

1.027

(0.333)

0.951

(- 0.655)

1.004

(0.059)

1.038

(0.548)

1.029

(0.376)

0.984

(- 0.201)

1.032

(0.461)

UP 0.951

(- 0.622)

0.903

(- 1.117)

0.907

(- 1.073)

0.876*

(- 1.736)

1.073

(0.848)

1.031

(0.367)

0.996

(- 0.049)

0.955

(- 0.590)

WB 1.065

(0.885)

1.052

(0.659)

0.974

(- 0.355)

0.994

(- 0.086)

1.103

(1.444)

1.076

(1.079)

0.986

(- 0.206)

0.994

(- 0.094)

All

India

1 1 1 1 1 1 1 1

CV 0.066 0.080 0.062 0.064 0.044 0.052 0.054 0.068

Figures in parentheses are t-statistics for testing index = 1

*: Significant at 10% level; **: Significant at 5% level

Source: Chakrabarty et al. (2018)
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poverty lines into a common currency, one should use

PPP rates that are relevant for the poor. Majumder,

Ray and Sinha (2012) proposed a methodology for the

calculation of PPP between rural and urban areas in the

context of a large heterogeneous country such as India.

The proposed procedure is based on an idea that is

similar to the idea of quasi-price demographic effects

in the Barten (1964) model that is used to estimate the

general equivalence scale as a function of the item-

specific equivalence scales. The proposed procedure is

Table 6 Estimates of Temporal Price Indices (AR(1) Model) with Dependence on Neighbouring States of India: 61st—68th rounds

(Index = 1 for each state for 55th Round)

State Rural Urban

61st round

(2004–2005)

66th round

(2009–2010)

68th round

(2011–2012)

61st round

(2004–2005)

66th round

(2009–2010)

68th round

(2011–2012)

AP 1.062 (0.354) 1.829** (2.773) 2.402** (3.674) 1.181 (0.856) 2.102** (2.872) 2.643** (3.618)

AS 1.044 (0.254) 1.710** (2.622) 2.083** (3.357) 1.171 (0.853) 1.847** (2.607) 2.441** (3.470)

BI 1.003 (0.017) 1.713** (2.629) 2.148** (3.196) 1.050 (0.254) 1.642** (2.088) 2.042** (2.767)

GU 1.005 (0.030) 1.614** (2.524) 2.184** (3.415) 1.138 (0.653) 1.763** (2.311) 2.251** (3.061)

HA 0.961 (- 0.247) 1.703** (2.712) 2.203** (3.541) 1.137 (0.676) 1.886** (2.568) 2.365** (3.328)

KA 0.992 (- 0.046) 1.625** (2.193) 2.130** (3.221) 1.107 (0.512) 1.828** (2.367) 2.519** (3.298)

KE 1.027 (0.164) 1.629** (2.418) 2.141** (3.535) 1.125 (0.645) 1.791** (2.510) 2.301** (3.360)

MA 0.972 (- 0.172) 1.680** (2.536) 2.267** (3.355) 1.147 (0.665) 1.910** (2.491) 2.440** (3.219)

MP 0.988 (- 0.068) 1.787** (2.681) 2.329** (3.283) 1.139 (0.636) 1.829** (2.377) 2.230** (2.936)

OR 1.023 (0.147) 1.630** (2.607) 2.113** (3.404) 1.080 (0.430) 1.749** (2.412) 2.108** (3.165)

PU 1.003 (0.017) 1.724** (2.717) 2.286** (3.750) 1.184 (0.892) 1.937** (2.690) 2.481** (3.518)

RA 1.027 (0.171) 1.713** (2.810) 2.162** (3.460) 1.136 (0.642) 1.858** (2.392) 2.247** (3.057)

TN 1.029 (0.166) 1.617** (2.258) 2.196** (3.386) 1.166 (0.770) 1.901** (2.498) 2.594** (3.462)

UP 0.993 (- 0.043) 1.692** (2.749) 2.102** (3.369) 1.130 (0.640) 1.860** (2.510) 2.321** (3.194)

WB 1.033 (0.207) 1.624** (2.574) 2.132** (3.490) 1.147 (0.715) 1.792** (2.425) 2.350** (3.302)

All

India

1.046 (0.284) 1.774** (2.865) 2.283** (3.942) 1.175 (0.914) 2.004** (2.978) 2.607** (3.864)

Figures in parentheses are t-statistics for testing index = 1

**: Significant at 5% level

Source: Chakrabarty et al. (2018)

Table 7 Estimates of All

India Urban PPPs

(Rural = 1): NSS 55th and

61st Rounds

Source: Majumder et al.

(2012)

55th round (1999–2000) 61st round (2004–2005)

Overall PPPs: Estimating models

TCLI Index (Coondoo et al. 2011) 1.293 1.307

Laspeyres Index (Selvanthan, 1991) 1.168 1.153

CPD Index (Rao 2005) 1.161 1.153

Commodity Specific PPPs: Commodities

Cereals, gram & cereal substitutes 1.366 1.427

Pulses 0.847 1.044

Milk and milk products 1.285 1.063

Edible oils 0.811 1.376

Meat, egg & fish 1.381 1.167

Vegetables 0.834 0.504
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rooted in utility maximising demand models and

generalises the conventional framework to allow

commodity-specific PPPs between rural and urban

areas. The extended framework is more policy friendly

by enabling the calculation of item-specific rural–

urban differential in prices and allows a simple test of

the idea of commodity-invariant PPP underlying the

conventional calculations. In modifying the prices

faced by a household in the Barten (1964) model, the

commodity-specific equivalence scales perform a role

that is similar to that played by the item-specific PPP

rates in the framework that is proposed here. While

household size and composition effects work through

the equivalence scales in the Barten model, spatial

prices work through the PPP parameters.

Table 7 presents estimates of overall PPPs, where

the proposed methodology is benchmarked against the

conventional procedures by comparing the calculated

rural–urban price differentials with those obtained

from using the Laspeyres’ price index (Clements and

Izan 1981; Selvanthan (1991) and the Country Product

Dummy (CPD) Method (Summers 1973; Rao 2005).

Table 7 also presents the corresponding item-specific

PPPs.

Conclusion

In this paper, we have attempted to provide a brief

account of the various price indices (PPPs) used in the

context of international and subnational comparisons

of cost of living, welfare and poverty. A major

problem in calculating these PPPs is non-availability

of comparable price data. In the international context,

the problem arises from non-overlapping nature of the

consumption baskets, major differences in the quality

of items priced in different regions and the non-

availability of crucial data on region-specific expen-

diture patterns. In the subnational context, household

surveys frequently record only expenditure informa-

tion. The lack of information about quantities pur-

chased precludes the possibility of deriving

household-specific unit values. The aggregate price

indexes derived from sources exogenous to the

household survey are often not sufficient to identify

all parameters and to provide plausible estimates.

However, new data gathering techniques, often

referred to as ’Big Data’, are underway (Cavallo and

Rigobon 2016) and have the potential to improve

statistics and empirical research in macro- and inter-

national economics by using the vast number of online

prices displayed on the web. The Billion Prices Project

at MIT is an academic initiative that uses prices

collected from hundreds of online retailers around the

world on a daily basis to construct daily price indexes

and real-time inflation metrics in multiple countries.

With these new data gathering techniques, it is hoped

that there will be studies on spatial and temporal price

indices based on real price information in future.
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