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Preface

The International Comparison Program (ICP) has become not only the largest international
statistical program in the world, but also the most complex. The first coordinated attempt to
produce purchasing power parities was carried out from 1967 to 1970; it was based on 10 coun-
tries. In the years leading up to 2005, six rounds of the ICP were conducted, each with more coun-
tries and each with improved methodology. The 2005 ICP included 100 countries from Africa, the
Asia-Pacific, the Commonwealth of Independent States, South America, and Western Asia, plus
46 countries from the comparison conducted by Eurostat (the statistical office of the European
Union) and the Organisation for Economic Co-operation and Development. The 2005 ICP stands
on the shoulders of those who developed the theory and methodology used in previous rounds.

The lessons learned from previous ICP rounds led to the development of several significantly
new and improved methods for the 2005 ICP. The subsequent analysis of the 2005 data set the
stage for additional improvements to the 2011 ICP.

This volume is a comprehensive review of the statistical theory and methods underlying
the estimation of PPPs and real expenditures, the choices made for the 2005 ICP round, and the
lessons learned that led to improvements in the 2011 ICP. Disclosing the theory, concepts, and
methods underlying estimates enhances the transparency of the 2011 ICP process. This allows
interested stakeholders and users to fully understand the strengths, limitations, and assumptions
underlying the estimates. This volume also contains several chapters about uses of the data from
the 2005 ICP. These uses are significant because they expand the boundaries of the needs served by
the ICP to encompass poverty estimation and analysis of the global economic situation.

Worldwide, no other statistical program requires so much cooperation among national,
regional, and international organizations. The ICP greatly depends on the overwhelming support
received from national statistical offices. They assume the effort of and responsibility for provid-
ing the prices and other measures underlying all components of the gross domestic product and
breaking it down into subaggregates.
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On behalf of the World Bank and the ICP Executive Board, I thank all who have contrib-
uted to this volume. It is not possible to give credit in this limited space to all of the individuals
responsible for its successful completion. Many are listed in the acknowledgments section that
follows. Here I highlight the contributions of two special groups. Much of the material presented
is based on the wholehearted discussions of the ICP’s Technical Advisory Group, which included
many of the authors. The Global Office team, which is located in the World Bank, provided the
means for the expert data analysis underlying many of the chapters and championed completion
of the book.

Finally, to everyone involved in producing this book, thanks very much for a job well done.

Shaida Badiee, Director
Development Data Group, World Bank
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Executive Summary

Freperic A. VogEL

n its 2005 round, the International Comparison Program (ICP) became the largest and most

complex international statistical program in the world. One hundred and forty-six countries
and economies provided the thousands of prices and related measures used to estimate purchas-
ing power parities (PPPs) in order to deflate national gross domestic product (GDP) expenditures
into a common global currency. The resulting PPPs and volume indexes make possible sound
comparisons between countries that are based on economic and statistical theory. Each successive
round of the ICP since its launch in the 1960s has involved more countries and more innovations
in methodology. The results of each round provided the building blocks for the new theory and
methods introduced in the next rounds.

This book describes the challenges faced by the 2005 round of the ICE, the new theories and
methods developed to address those problems, and the lessons learned that can be applied to future
rounds of the ICP. This book has been prepared to ensure complete transparency in the theory and
methods used and the problems encountered. Much of the analysis presented by the authors of the
chapters was made possible by giving them access to a data file containing the basic heading PPPs
and expenditures for the 146 participating countries.

The book refers to six geographic regions of the world. The five geographic ICP regions in
2005 were Africa, Asia-Pacific, Commonwealth of Independent States (CIS), South America, and
Western Asia. Although Eurostat (the statistical office of the European Union) and the Organisa-
tion for Economic Co-operation and Development (OECD) jointly conduct their own PPP pro-
gram, the Eurostat-OECD and ICP programs are coordinated so that all are included in the global
results. For the purposes of this book, the Eurostat-OECD comparison is considered as the sixth
region. In a similar fashion, the ICP includes both countries and economies. The term countries as
used throughout this book refers to both.

Xv
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What Is a Purchasing Power Parity?

In its simplest form, a PPP is a price ratio. PPPs for the total consumption aggregate of the GDD,
for example, are built up from comparisons of the prices of products purchased by households. To
ensure that comparable products are being priced, the characteristics of each product must be care-
fully defined.

‘This summary relies on the data example in table 1 to explain the concepts and methods used
in the ICP. The table shows examples' of prices for three products and four countries for the rice basic
heading. The PPP between the Arab Republic of Egypt and the United Kingdom for prepacked long
grain rice is the average price in Egypt in its national currency (Egyptian pound or LE) divided by the
average price in U.K. pounds sterling (£). The price ratio 7.54 means that LE 7.54 is the cost of an
amount of long grain rice in Egypt that would cost £1.0 in the United Kingdom. Likewise, LE 3.30 is
the cost of the same quantity of long grain rice sold loose that would cost £1.0 in the United Kingdom.

As table 1 illustrates, the relative prices (product PPPs) differ by product. Therefore, the
product PPPs are averaged to arrive at a PPP for the rice basic heading. The simple geometric mean
is the bilateral PPP. In practice, multilateral PPPs are computed, and this computation takes into
account the relative prices between all of the countries as a group. More will be said about this in
the sections that follow.

Because there are no weights reflecting the quantities of each product purchased, the basic
heading PPPs are computed with products and countries treated equally. However, expenditures
are available for each basic heading, and thus they are used as weights when averaging basic heading
PPPs to major aggregates such as food. The PPPs for the major aggregates are then averaged to the
GDP, again using weights. Table 2 shows PPPs for selected basic headings in the food aggregate and
the average PPP for food. The food PPP means that LE 4.22 is the cost of an amount of food in
Egypt that would cost £1.0 in the United Kingdom. More important, the expenditures in Egyptian
pounds for the food aggregate of the GDP in Egypt can be converted to the U.K. currency by
dividing it by the PPP, or 4.22. The food expenditures in the other countries can also be converted
to the U.K. pound by dividing them by their respective PPPs.

Table1 Prices of Products in Rice Basic Heading and Their Ratios to U.K. Prices
for Selected Countries

Egypt, Arab Rep./ Estonia/ Philippines/ ,
United Kingdom  ©  United Kingdom  :  United Kingdom  :  United Kingdom
Ricebasic . National = PPPto  National = PPPto = National . PPPto  Natiomal
heading = pric © UK price | UK. : pric - UK price : PPP
Long grain, CSST 75 M9 1587 0 273 M8 3100
prepacked : : : : : : : :
longgrain, loose 347 330 LB’ 2B 105 100
Basmati 569 569 4568 1 2048 ] 23
e e e e e
mean—bilateral : : : : : : :
ppP : : : : : :
Multilateral PP~ 480 1998 B% 100
Bchangerate 1012 Y I w08 '

Source: ICP 2005.
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Table2 PPPs for Selected Basic Headings and Countries (UK =1.00)
: Basic heading PPPs (UK =1.00)
Egypt, Arab Rep./ Estonia/ Philippines/

Basicheading - UnitedKingdom United Kingdom = UnitedKingdom  United Kingdom
e e R— e — o
R —— T —— S —— W
Beefandveal 00 o 0w
T e s S
FoodaggregateP? m ue wn 0w
e —— P e e W
e s P e

Source: ICP 2005.

Another important measure is the price level index (PLI), which is simply the PPP divided by
the exchange rate. PLIs that are less than 1.0 mean the products or aggregates are relatively cheap.
The PLI is also a measure of the ratio of nominal expenditures (based on the exchange rate) to real
expenditures based on PPPs. The price level indexes for food shown in table 2 indicate that food
is relatively cheap in Egypt, Estonia, and the Philippines, and also that the nominal expenditures
for food in those countries would be 0.42, 0.64, and 0.52 of the real expenditures, respectively.

The PPP for the GDP is based on the prices collected for about 1,000 products plus mea-
surements for other aggregates such as housing, government, and construction that are used to
first estimate basic heading PPPs and then average them to the GDP. The PPPs at each level of
aggregation and for the GDP are simply a form of exchange rate to calibrate expenditures in
national currencies to a common currency. While simple to say, the resulting PPPs are based on
the very complex statistical and economic theories presented in detail in chapters 4, 5, and 6 and
summarized here in a later section.

Uses of PPPs

The PPP-based expenditures allow direct comparisons of indicators of well-being, such as expendi-
tures per capita, because they are now in a common currency. Similar comparisons can be made for
other aggregates such as health, education, housing, government, and GDP. The PPPs for household
consumption are the main input for estimation of the international poverty line, which is a main
driver of international development efforts. Countries with different rates of economic growth can
compare their price levels and per capita expenditures to guide their development policies. PPP-based
expenditures allow comparisons across countries for different sectors. For example, the 2005 ICP
showed that China accounted for 29 percent of global real expenditures on construction.

A major use of PPPs is for poverty assessments (see chapters 20 and 21). National poverty
assessments differ by country because purchasing power differs. Therefore, an international poverty
line is established using PPPs to hold the real value constant across countries. The international
poverty line of $1.25 in international dollars is translated to the national level using PPPs. House-
hold survey data are then used to determine the number of people living with per capita consump-
tion below the poverty line.

XviI
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The U.S. Federal Reserve Board uses PPP-based data on the GDP and aggregates to under-
take an empirical analysis of international price levels (see chapter 22).

The International Monetary Fund (IMF) uses PPP-based GDP to determine the quota
subscriptions of member countries (see chapter 23). The quota not only determines the financing
each country must provide to the IME but also determines the amount of financing a country can
obtain from the IMF and largely determines its voting power in IMF decisions. The IMF also uses
PPP-based GDP numbers in its World Economic Outlook, which provides estimates of regional and
world output and growth.

Other organizations and researchers use PPPs for international comparisons of output and
productivity at the sector level (agriculture, manufacturing, and services). These comparisons pro-
duce useful complements to comparisons of GDP or expenditure categories (see chapter 24).

Why Not Use Exchange Rates?

This question arises often. First, exchange rates do not reflect the different price levels across com-
ponents of the GDP—for example, table 2 shows the variability of selected basic headings in the
food aggregate. Table 3 shows the PLIs for the GDP and major aggregates for Brazil and India.
If exchange rates were used to deflate GDP expenditures by aggregate, the same value would be
used regardless of the difference in price levels. The comparisons of per capita expenditures across
countries would then not reflect the relative price differences. Second, the use of PPPs allows direct
comparisons. Again using table 3, the PLI for health in both countries is considerably less than
the food price level. The PLI also reveals the difference in health expenditures if they are deflated
using the exchange rate instead of PPPs. In other words, the nominal expenditures for health in
Brazil and India based on the exchange rate would be 55 and 13 percent, respectively, of the real
expenditures based on PPPs.

Steps to Estimating PPPs

The ICP has three major components. The first component is the conceptual framework, which
is determined by the set of national accounts making up the GDP. The second component is the
national annual average prices or quantity or value data for a basket of goods and services that are
comparable across countries and are representative of purchasing patterns within each country. The
third component is the methodology used to compute the PPPs at the following levels: product,
basic heading, aggregates of GDP, and GDT.

Table3 Price Level Indexes for Major Aggregates, Brazil and India

Price level indexes (world = 100 for major aggregates)
: : : . Gross fixed

: . Collective @ capital
. 6P ©  Food ©  Health . Education : government : formation
Brazil : 69 : 77 : 55 : 78 : 62 : 76
hnda M S BBk

Source: ICP 2005.
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These three components are carried out under a governance structure whereby countries
are grouped into regions with a regional coordinator. The ICP Global Office in the World Bank
provides the overall coordination of the program across the regions and also the coordination with
the Eurostat-OECD comparison (see chapter 2).

Figure 1 is an overview of the different steps required to produce estimates of PPPs. The
starting point is the GDP. The best practice in the measurement of economic activities is the System
of National Accounts 1993, which forms the basis of the ICP (see chapter 3). The breakdown of the
GDP expenditures into 155 basic headings forms the building blocks to estimate PPPs. The basic

Figure1 Main Components of the International Comparison Program

Overview of the ICP

Governance—fiveI(P J

regions and Eurostat-

OECD comparison GDP—155 Basic heading (BH)
basic headings expenditures in

/ \ national currencies

o Comparison-resistant BHs:
BHs with prices from market surveys alobal specifications

— K-, .
Ring product Regional produc Dweling Healthand  Government L
lst: price —  lists: price rents and education <alaries equipment
collection collection quantities prices/costs
Reference
i l Productlwty PPPs for
National annual National an_nual adjustment imputed BH
average prices: average prices: ¥
global validation regional validation Data validation and estlmatlon of BH PPPs
Between-region Within-region Within-region gflt‘lflflfs”“rrﬁ'ﬁg BH PP in global
BH PPPs: linking BH PPPs BH PPPs i currency
factors \ /
BH
weights
4
BH PPPin global Aggrggated PPPs BH PPP in global Direct estimates
curren(y = n reg|0na| Currency for some BHS

. currency = .
between-region between-region instead of
PPP x within- \ B / PPP x within- linking factors
region PPP i

? weights feg/on pbR /

v

2005—GEKS aggregated linking factors used to calibrate
each level to the global currency and retain fixity of
regional results

2011—Global GEKS aggregation: distribute to regions
to retain fixity of regional results

Source: ICP.
Note: GEKS = Gini-Eltetd-Kéves-Szulc.
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heading represents the categories into which individual products are grouped for pricing purposes;
it is the lowest level for which expenditure estimates (breakdown of the GDP) are required. Use
of the GDP as the main element of the conceptual framework of the ICP means that the prices
to be collected must be consistent with the underlying values in the national accounts. The prices
must be national annual averages and basically represent purchaser prices that include taxes and
other costs.

Basic headings fall into three main categories. The first category is those basic headings
containing products consumers purchase in various markets. Prices for these basic headings are
obtained by means of market surveys. The second category is made up of the basic headings that are
“comparison-resistant” because of the difficulties encountered in collecting data to estimate PPPs.
These include the basic headings grouped into dwelling rents, health, education, government,
construction, and equipment. The third category is those basic headings in which the prices either
are not available or are too expensive to obtain. Therefore, their PPPs are imputed using PPPs from
other basic headings (reference PPPs).

Some Basic Concepts Underlying
the Estimation of PPPs

The previous section outlined the steps taken to collect and validate the data used for estimation
of PPPs. This section reviews some basic concepts underlying the estimation of PPPs, which is the
subject of the next section.

There are many ways in which the basic heading PPPs can be computed using the relative
product prices or simply the product PPPs—each has strengths and weaknesses. Many methods
can be used as well to average the basic heading PPPs to aggregates and then to the GDP.

The first step is estimation of the basic heading PPPs. The bilateral PPP between any coun-
try and the United Kingdom is simply the geometric mean of the product PPPs, which, as shown
in table 1, equals 18.02 for Estonia. Also, the PPP between any two countries can be computed
directly. For example, the geometric mean of the price ratios between Egypt and Estonia is 0.243.
The PPP between Egypt and Estonia can also be measured indirectly by the ratio of their respec-
tive PPPs to the United Kingdom as the base, or 5.22/18.02 = 0.289. One could also compute
the PPP between Egypt and Estonia indirectly by dividing the PPP for Egypt and the Philippines
by the PPP for Estonia and the Philippines. If 7 countries are in the comparison, a PPP can be
obtained directly between any two countries, and 7z — 1 PPPs between the same two countries can
be obtained indirectly through the base country.

In each case, one will get different answers. The section that follows reveals that the one way
to estimate multilateral PPPs between any two countries is to take the geometric mean of the direct
and indirect PPPs. In table 1, the PPP for Egypt to the United Kingdom goes from 5.22 (bilateral)
to 4.80 when the multilateral estimate is computed. This means that the PPPs between any two
countries are affected by their respective PPPs with each other country. This also means that the
PPPs between any two countries can change if the mix of countries included in the computations
changes. As illustrated in table 1, not all countries price every product. And as shown in the sec-
tions that follow, there are many ways to estimate basic heading PPPs. These methods would all
provide about the same answer if every country priced every item.

The choice of methods is based on several properties. Multilateral PPPs are computed so
that the results satisfy two basic properties—transitivity and base country invariance. Transitivity
simply means that the PPP between any two countries should be the same whether it is computed
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directly or indirectly through a third country. The second requirement is that the PPPs be base
country—invariant, which means that the PPPs between any two countries should be the same
regardless of the choice of base country. A simple solution is to use the geometric mean of the
direct and indirect PPPs.

The basic heading PPPs shown in table 1 are essentially averages of the relative prices with
no weights taken into account, which means that every product is treated equally. However, in
reality expenditure shares for each would not be equal. For example, the prices for long grain rice
sold loose are cheaper than the prices for Basmati. It is likely that in Egypt and the Philippines
long grain rice sold loose is purchased in much greater quantities than long grain prepacked and
Basmati, and that in Estonia and the United Kingdom prepacked long grain is the most popular of
the two kinds. Because products with the greatest expenditures are likely to have the lowest prices,
it would improve the quality of the estimates if some form of weighting could be introduced. This
brings in the concept of representativity used by the Eurostat-OECD and CIS regions in the 2005
ICP and attempted in the other regions.

A representative product is one that is purchased frequently by households and has a price
level consistent with all products in the basic heading. This classification can be used in applying
a form of weighting in the estimation of basic heading PPPs, as shown in chapter 4. Most coun-
tries in the ICP regions had difficulty applying the concept, especially the meaning of price level.
To simplify the classification of products for its 2011 round, the ICP adopted a simpler concept,
importance. Each country is asked to use expert judgment to determine which product(s) would
have the largest expenditure shares. This will allow the introduction of simple weights for the
products deemed important and used to estimate basic heading PPPs.

Weights based on basic heading expenditures are used in the methodology to average a
group of basic headings to an aggregate level. The food aggregate, for example, contains 29 basic
headings. In table 2, for the column of basic heading PPPs between, say, Egypt and the United
Kingdom, there are two sets of weights: the expenditure shares for Egypt and those for the United
Kingdom. Another basic concept that determines the choice of index method is that countries be
treated equally. Therefore, the basic heading PPPs are first averaged using Egypt’s weights (Laspey-
res index), and are then averaged using the United Kingdom’s weights (Paasche index). Each index
provides a PPP between Egypt and the United Kingdom, and therefore the geometric mean is
taken. The result is a Fisher index. As discussed in chapter 5, this is a superlative multilateral index
that is consistent with economic comparisons of utility across countries. For each pair of countries,
the multilateral PPP is the geometric mean of the direct and indirect Fisher indexes. This method
was used for the 2005 ICP even though it does not satisfy the additivity requirement.

Additivity means that, for example, the expenditures for each food basic heading (in national
currency) divided by the respective PPPs should add to the sum of food expenditures (in national
currency) divided by the aggregated food PPP. The addition of major aggregate expenditures in PPP
terms to the GDP should equal the real expenditures obtained by dividing GDP expenditures (in
national currency) by the aggregated PPP for the GDP. However, the requirement that countries be
treated symmetrically produces results that are not additive. Because the nonadditive method was
used for the 2005 ICP, the real world GDP was about 2 percent smaller than the GDP obtained
by the summation of the aggregate real expenditures. These differences were many times larger at
the national level. However, at each level of aggregation the results were consistent with economic
comparisons of utility and also minimized the differences between the bilateral and multilateral PPPs.

Additive methods can be used, but they have the disadvantage of giving more weight to the
relative prices of the larger, more developed countries. As a result, the real expenditures for poor

countries become larger and move further away from the bilateral PPPs.

XXI
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Fixity is another concept that determines the methodology used. This means that the rela-
tive volume (ratio of real expenditures) between any pair of countries in a region remains the same
after the region has been combined with other countries or regions. This concept is critical when
a region prepares its results, which are then later converted from a regional currency to the global

currency.

Estimating PPPs—W.ithin Regions

As depicted in figure 1, the PPPs between countries within a region are estimated in two steps. The
first step is to estimate the basic heading PPPs. The next step is to average or, using ICP jargon, to
aggregate the basic heading PPPs for each country to higher aggregates and the GDP using expen-
diture weights. The basic requirement for each stage of aggregation is that the resulting PPPs are
transitive and base country—invariant, as defined earlier.

From Product PPPs to the Basic Heading

This section provides a brief overview of the material presented in chapter 4 and builds off table
1 in this executive summary. The bilateral PPPs for each country shown in table 1 are a form of
a Jevons index. If the table is full—that s, if every country priced every item—then the bilateral
PPPs would be transitive and base country—invariant.

In practice, not every country can price every item. Two basic methods are used in the ICP to
calculate basic heading PPPs. The first approach is based on the Jevons index and the Gini-Eltet-
Koves-Szulc (GEKS) method, which turns the bilateral PPPs into multilateral PPPs to make them
transitive and base country—invariant. The GEKS method is based on averaging the direct PPPs
between any two countries with the 7 — 1 PPPs that can be obtained indirectly. The other method
uses a regression model known as the Country Product Dummy (CPD), which directly estimates
PPPs that are transitive and base country—invariant in one step.

As noted earlier, both methods treat every product equally regardless of their relative expen-
ditures. For that reason, the concepts of representativity and importance were introduced.

Table 4 repeats the data shown in table 1 for Egypt and the United Kingdom with represen-
tative products indicated. Long grain rice, prepacked, is representative of the basic heading in the
United Kingdom, whereas long grain rice sold loose is representative in Egypt. There are two ways
to compute basic heading PPPs using this information. The PPP between Egypt and the United
Kingdom is computed first using only products representative of Egypt, and then again using only
products representative of the United Kingdom. The bilateral PPP between Egypt and the United
Kingdom is then the geometric mean of these two PPPs. Basmati is not considered representative
in either country, even though prices were provided. Thus those prices are not used in the price
comparison for either country. These bilateral PPPs are made transitive and base country—invari-
ant using the GEKS* method. This method is used by the Eurostat-OECD comparison and the
CIS region. The GEKS method becomes the GEKS* method when the representativity variable
is introduced.

The other regions in the 2005 ICP attempted to use the Country Product Representative
Dummy (CPRD) method, with representativity included as another variable in the regression.
However, the countries were not able to consistently provide the representativity coding because
the concept required judgment about both price levels and relative expenditures. Therefore, the
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Table4 Estimating PPPs When Products Are Classified as Representative or
Nonrepresentative

- EgyplAabRep,  UnitedKingdom  Eoypt,ArabRep.t/ Eoypt,ArabRep

Rice basic heading national price : national price . United Kingdom :  United Kingdom*
Long gra|nprepacked . 551 e 073* SN SO eisstaie oA RO 754 e
; Long gr - ., e . S e
. Basma fi ..................... 569 .................. 2 23 .....................................................
v Geomemc mean vvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvvv 3 30 ,,,,,,,,,,,,,,,,,,,,, 754 vvvvvvv
B||atera|PPP ....................................................................... 4 98 AAAAAAAAAAAAAAAAAAA

Source: ICP 2005.
Note: The asterisk (*) indicates products representative of the basic heading price structure and frequently
purchased.

concept was not used in the remaining four regions. The concept has been simplified for the 2011
ICP, and the importance classification is being used only to indicate those products with the great-
est expected expenditures. Because the importance classification is based on assumptions about
expenditures, the Country Product Dummy-Weighted (CPD-W) method is being used in the
2011 ICP, with important products receiving weights greater than 2.

Table 5 shows the methods that can be used to estimate basic heading PPPs. The Jevons,
Jevons-GEKS, and CPD methods provide the same results if every country prices every product
and the representative or importance classifications are not used. However, the results produced
by the GEKS* method and either the CPRD or CPD-W method will differ for one basic reason
illustrated in table 4. In that table, Basmati rice was not representative for any country, and thus
it would not enter into the estimation of PPPs for the group of countries using the Jevons-GEKS
method. However, the CPRD and CPD-W regressions include all data, thereby becoming more
robust when the price matrix is incomplete.

The main outcome of the analysis of the 2005 ICP data is the realization that some classifica-
tion process must be used to ensure that the products purchased most widely receive more weight
than the other products being priced. The classification of “importance” discussed earlier is being
used in the ICP regions for the 2011 ICP round, and basic heading PPPs are being estimated using
the CPD-W method.

Table5 Methods for Estimating Basic Heading PPPs

¢ Jevons  : Jevons-GEKS PD ¢ Jevons-GEKS* :  CPRD  :  (PD-W
Properties  © Transitiveand Multilateral Multilateral © Implied weights : Implied weights | Specific
base-invariant procedure procedure used for used for weights used
with full matrix : toensure to ensure representative representative for“important”
transitivity and transitivity and products. products. products.
¢ baseinvariance i baseinvariance : Resultsare ¢ Results are ¢ Results are
¢ withlessthan ¢ withlessthan ¢ transiiveand ¢ transitiveand ¢ transitive and

© full pricetable ¢ full pricetable ¢ base-invariant.  © base-invariant.  base-invariant.

Source: ICP.
Note: GEKS = Gini-Eltetd-Kéves-Szulc; CPD = Country Product Dummy; CPRD = Country Product Repre-
sentative Dummy; CPD-W = Country Product Dummy-Weighted.
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From Basic Headings to Major Aggregates to the GDP

Chapter 5 is an extensive review of the different methods used to aggregate basic heading PPPs
to the GDP and their properties. Because expenditure weights are available for each country, the
input to the estimation process is a matrix of 155 basic heading PPPs by country in the region and
another matrix of basic heading expenditures in national currencies.

Chapter 5 examines three methods. The method used in five of the six regions was the
GEKS. The basic heading PPP between any two countries has two weights, one for each country.
Therefore, two weighted averages of basic heading PPPs are computed to estimate the GDP basic
heading, using the weights for each country in turn. The Fisher indexes, the geometric mean of
these weighted averages, are then made transitive and base country—invariant using the GEKS
process described earlier. The GEKS method has the property that each country is treated in a
symmetric way. One disadvantage is that the results are not additive.

The ICP has used two additive methods—Geary-Khamis (GK) and Iklé-Dikhanov-Balk
(IDB)—but the results are not consistent with economic comparisons of utility across countries.
In addition, large countries have a greater impact on the final results. If large countries have higher
prices, then the impact is to raise the price levels of the poorer, smaller countries. The IDB method,
however, has a smaller large-country effect. In the 2005 ICD, the GEKS method was used in every
region except Africa. There, the IDB method was used because it was important that results be
additive (see chapter 5 for an extensive review of its properties).

A problem with the GEKS method is that countries at very different stages of development
with very different relative prices are given the same weight as countries with similar stages of devel-
opment and relative prices. Therefore, chapter 5 examines the minimum spanning tree approach,
which builds up the multilateral set of comparisons starting with bilateral comparisons with countries
very similar in structure. This method offers considerable promise for the future, but still contains
some arbitrary aspects, suggesting that further analysis and research are needed. The 2011 round of
the ICP is thus mainly using the GEKS method to aggregate basic heading PPPs to the GDT.

From Within-Region to Global
Basic Heading PPPs

As indicated in figure 1, at this stage there is a set of PPPs and related indexes for each of the six
regions, each in the currency of one of the countries in the region. The PPPs for each level of
aggregation and the GDP in each region are transitive and base country—invariant. However, at this
stage it is not possible to compute the PPPs between two countries in different regions. Therefore,
the final step is to convert the within-region PPPs to a common global currency. The requirements
remain the same, which means that the concepts of transitivity and base country invariance apply
to the global results. In addition, there must be adherence to the principle of fixity. This simply
means that the relative volumes between any two countries shown in the regional comparison
remain the same after they are converted to a common global currency. This concept applies at
every level of aggregation from the basic heading to the GDP.

A new method introduced for the 2005 ICP meets all of these requirements and is described
in chapters 6 and 8. Two sets of PPPs are required for each basic heading to convert regional PPPs
to a common global currency. The first set is the within-region PPPs by country for each region.
The second set is six between-region PPPs or linking factors for each basic heading, with one region
serving as the base and with the between-region PPP equal to 1.0.
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In the 2005 ICD, the between-region PPPs for household consumption were based on separate
prices (the Ring list, which is described shortly) collected by 18 countries: six Aftican countries, four
countries in the Asia-Pacific region, four Eurostat-OECD countries, and two countries each from the
Western Asia and South America regions. For each of these there was a set of Ring product prices for
each basic heading and its within-region PPP in a regional currency. These Ring prices for each country
were converted to the currency of the regional base country by dividing each country’s basic heading
Ring prices by its within-region PPP from the regional comparison. For each basic heading, there was
a set of five? prices, each in the currency of a regional base country. A CPD model that treated each set
of regional prices as a country provided a set of PPPs for each region that reflected the relative prices
(between-region PPPs or linking factors) for each basic heading. These linking factors were transitive
and base country—invariant.

Chapters 11-16 describe the process undertaken to link the health, education, government,
construction, and machinery and equipment basic headings. Because the same set of specifications
was used for every region, the between-region PPPs were computed from the same data used for
the regional comparisons for all basic headings except dwelling rents. The between-region PPPs for
dwelling rents were computed using quantities of housing for a large number of countries within
each region. Even though each region used different methods to estimate within-region housing
PPPs, they were linked using the quantity method.

The basic heading linking factors for each region were scalars used to convert the within-
region basic heading PPPs to the global currency. Because the within-region basic heading PPP for
each country was multiplied by the same between-region basic heading scalar, the fixity principle
was met. The outcome was a matrix of 146 countries and 155 basic heading PPPs that satisfied the
transitivity and base country requirements, all relating to the same base country.

The 2011 ICP methodology is similar, but improvements are being made to the linking and
aggregation. Instead of only selected countries pricing a large Ring list, all countries will price a
smaller set of global core products. Analysis of the 2005 results revealed that the between-country
variability was greater than the variability in product level prices. In other words, the optimum
design calls for more countries to price fewer products for linking purposes. Therefore, a set of
global core products was defined and will be part of the regional price comparisons as well. The
prices for these core products from all countries are being used in the same two-step process
described earlier: first estimate between-region basic heading PPPs and then use those as scalars to
convert the within-region PPPs to the global currency.

In the 2005 ICP, the representativity concept was not used for the Ring prices. However,
because of the diversity of economies across the world, it will be essential that the importance clas-
sification be applied to all of the prices in the set of global core products. Although countries will
be able to price a large number of the core items, it is very unlikely that all countries will have the
same price levels or the same relative expenditures. Products that are common in some countries
may be found only in boutiques with higher prices in other countries; the importance classification
is needed to prevent an upward bias in the price levels used to estimate the between-region PPPs.
The importance classified will be used on both the regional and core prices. The between-region
PPPs will be computed using the CPD-W method.

Aggregating (Averaging) Global PPPs
to Higher Aggregates and the GDP

At this stage in the 2005 ICD, there was a matrix of five regional linking factors for each of the
155 basic headings and the summation of national expenditures to a total for each region in the
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currency of the regional base country. In the 2005 ICP, the between-region basic heading PPPs or
linking factors were aggregated to the GDP and other aggregates using the GEKS method. Just as
at the basic heading level, the aggregated linking factors at each level times the within-region PPP
for each country at the same aggregated level converted the regional PPP to the global currency.
This step preserved fixity at all levels of aggregation. Later analysis, however, showed that the link-
ing factors at the aggregated level were not base country—invariant—that is, they were dependent
on the choice of regional base country.

For this reason, a global aggregation is being used for the 2011 ICP. The input will be the
outcome of the linking at the basic heading level, which will provide a matrix of 155 basic head-
ing PPPs for 180-plus countries and another for expenditures. A global GEKS aggregation of the
entire matrix will directly estimate a set of PPPs to a global base country at every level of the GDP
breakdown and the GDP. The resulting expenditures for each country in the global currency will
be summed to regional totals. These regional totals can be distributed to each country within a
region to ensure that fixity is maintained with the within-region results.

Basic Headings with Prices Collected from Market Surveys

These basic headings account for about 100 out of the total of 155 basic headings and for about 60
percent of the world GDP (see chapters 7 and 8). Each region determines the products to be priced
in these basic headings and prepares their specifications using structured product definitions—a
new method introduced for the 2005 ICP that provides a systematic and consistent way to describe
products. Under the regional concept, the goods and services to be priced can be chosen as those
the most representative of a region’s countries. Although this approach provides the best compari-
son between countries in the same region, say India and Indonesia, it is not possible to compare
either with Brazil or the United States. For that reason, a method coined the “Ring” was adopted
for the 2005 ICP.

The Ring concept involved creating a list of products that represented a composite of what
was priced in each region. Eighteen countries representing the geographic ICP regions and the
Eurostat-:OECD program (this group included one economy, Hong Kong SAR, China) priced
the set of Ring products in addition to the products in their regional list. National annual aver-
age prices were provided by all countries for their regional products, and the Ring countries also
provided prices for the Ring products. The prices from the regional lists were used by each region
to compute within-region basic heading PPPs for its countries. These within-region basic heading
PPPs were used to deflate the Ring prices into five sets of regional prices that were then used to
estimate between-region PPPs. These between-region PPPs were in effect scalars that calibrated
each country’s within-region basic heading PPPs to a common global currency.

Data Validation

Prices and other measurements are first validated at the national level (see chapters 9 and 10). This
review ensures that the same products were priced across the different outlets over the country. The
validation then moves to the regional and global levels where the main goal is to ensure the same
products were priced across countries. In the 2005 ICD, the validation at these levels was carried
out by first putting the prices in each basic heading into a common currency using PPPs. Two
methods were used: the Quaranta tables from the Eurostat-OECD comparison and the Dikhanov
tables derived by the World Bank. The Quaranta tables incorporate both exchange rates and PPPs
in the identification of outliers. The Dikhanov tables allow the validation to be across basic head-
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ings in addition to the within—basic heading review. Both methods involve an iterative process
because the basic heading PPPs will change as prices that are outliers are checked by the respective
countries and are either revised or removed. For the 2005 ICP, the data validation of the regional
prices was conducted region by region, whereas the Global Office validated the prices from the
Ring price survey.

Because the regions published their results first, the within-region basic headings had to be
taken “as is” for the estimation of linking factors and the global aggregation. Analysis since then
indicates that the regional basic heading PPPs should be subjected to additional review when the
global linking factors are being validated and estimated (see chapters 9 and 10). A major outcome
is that the regional results will remain open for review until the global results have been finalized.

Comparison-Resistant Basic Headings

A common feature of the comparison-resistant basic headings is that global specifications for pric-
ing or data collection are defined, whereas each region prepares its own lists of products for which
prices are collected in market surveys.

Health and Education

The difficulty with comparing health and education across countries is that countries have different
arrangements for providing their citizens with health and education goods and services (see chapter
11). In the majority of countries, health and education are provided by a mix of government-
run and private services. PPPs for the health aggregate therefore include seven basic headings in
household consumption and 12 basic headings in individual consumption by government aggre-
gate. For education, there is one basic heading in household consumption, but six basic headings
in individual consumption expenditures by government. Prices are collected for pharmaceuti-
cal products, therapeutic appliances and equipment, outpatient and hospital services, and other
medical products for household consumption health basic headings. The same prices are used for
the basic headings under government health benefits. For the government basic headings for the
production of health and education services, it has been assumed that the comparative value of the
government output is equal to input costs as measured by employee compensation. The problem
with the traditional method of using government compensation to estimate PPPs is exacerbated
by developments in the use of technologies; that method ignores the productivity gains from the
use of technology.

For the 2005 ICP, prices were collected for products and services purchased by consumers
for health and private education, and average salaries were obtained for a selection of occupations
for certain health and education basic headings. For the first time, productivity adjustments were
used in three ICP regions to adjust the compensation PPPs for differences in productivity across

countries.

Dwelling Rents for Owner-Occupied Households

Household dwelling expenditures consist of market-rented housing and imputations for non-
market rents and owner-occupied housing (see chapter 12). The imputations complicate both
the preparation of the national accounts and the estimation of PPPs for housing. Therefore, it is
difficult to compare housing across countries because of the varying mix of rental versus owner-
occupied dwellings. In the 2005 ICP, PPPs for dwellings were computed three different ways.
Where there was a large rental market, rental surveys provided average rental rates by size and
type of housing—these were also used to estimate PPPs for owner-occupied dwellings. However,
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in many countries the rental market is not sufficient to provide data to impute PPPs for owner-
occupied housing. The preferred method in this case is to derive PPPs based on the relationship
provided by expenditures = prices x quantities. Here prices = expenditures/quantities. Therefore,
an indirect PPP is the ratio of the derived prices between countries. This is called the quantity
approach because total housing quantities such as number of structures, rooms, and square foot-
age from housing surveys and censuses are used as the quantity measure after the quantities are
adjusted for quality. This method was used in some of the Eurostat-OECD countries and in
the CIS and South America regions because the rental market was too small to provide rents to
impute for owner-occupied housing. Because there was a similar lack of a rental market in Africa
and Asia, the quantity method was also attempted in the Africa and Asia-Pacific regions, but it
produced implausible results. Therefore, PPPs were imputed for countries in the Africa and Asia-
Pacific regions using the PPP for individual consumption expenditures by households (excluding
housing), which means that the housing PPP probably does not reflect the true volume of housing
services in those countries.

Data users, especially those undertaking poverty analysis, were very critical of the method
used in the Africa and Asia-Pacific regions. Therefore, in the 2011 ICP round efforts are being
redoubled to enable all countries to base dwelling PPPs on a combination of dwelling rents and
quantities. Chapter 12 explains in detail how the within-region dwelling PPPs were linked in the
2005 ICP using a set of quantity data representing each region.

Construction

The comparison of construction across countries depends on the concept of comparability, just
as for any other component of the ICP (see chapter 13). Construction poses special problems
because most construction outputs are unique. No two office buildings in different countries are
identical, nor are the bridges, highways, and dams. One method of making comparisons is based
on comparing input prices. Inputs are materials, labor, and equipment hire, each of which can be
described so that the resulting costs are comparable between countries. The main problem with
using input costs is that productivity, profits, and overhead costs are assumed to be the same rela-
tive size in each country.

Output pricing involves creating a model building or civil engineering project with detailed
specifications describing the final product. Construction professionals in each country are asked
to quote a price for the construction output. This output price takes into account differences in
productivity and other components such as profits and overhead. The disadvantage is that it is very
costly to create the model projects and then to have them priced in each country. This method was
used in the Eurostat-:OECD comparison, but it was considered too costly to use in the ICP regions.

In the 2005 ICP, construction was compared using an approach called the basket of con-
struction components. It involved collecting prices for a range of major construction components
and basic inputs that were common across countries. Detailed specifications were prepared for
components such as a column footing and the cost of labor, materials, and equipment. Basic input
costs such as a fixed quantity of cement or an amount of reinforcing steel were also obtained.
Because the component prices included labor, materials, and equipment, they met the requirement
for output prices (still excluding profits and overhead). The problem was that a complex set of
weights was required to combine the construction components, and most countries had difficulty
providing them.

For the 2011 ICP, 38 different kinds of materials, 7 types of labor, and 5 types of equip-
ment will be priced based on detailed specifications. PPPs will be computed for each of these three
components within each of the three basic headings. Each country will furnish weights indicating
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the relative shares of materials, labor, and equipment for the residential buildings, nonresidential
buildings, and civil engineering basic headings to aggregate the three component PPPs to the
respective basic heading PPPs.

Machinery and Equipment

The procedure used for pricing machinery and equipment in the 2005 ICP was similar to that used
for household goods and services (see chapter 14). Structured product descriptions were developed
for different kinds of equipment and then used as the basis for product specifications, so that
comparable products could be priced across countries. The major difference was that the product
specifications were very technical and dealt with combinations of characteristics such as torque,
power, and lifting capacity. As a result, outside experts had to be brought in to assist countries with
price collection to ensure that the products purchased were comparable across countries.

In addition, a set of 108 products was defined at the global level because of the difficulty in
describing the price-determining characteristics. These products were used in the price collection
for the ICP regions. Some equipment goods are unique because they are designed for a specific
location or purpose. Examples are sea vessels, oil platforms, and power plants. No attempt was
made to price these items; pricing was confined to the standard, generally mass-produced items.
The set of global specifications prepared for 2005 has been updated for use in the 2011 ICP.

Government Services

As described earlier, in the 2005 ICP government services were compared by using government
compensation as a measure of the value of output (see chapter 15). Detailed specifications were
prepared describing 50 different government occupations in terms of the work done. For each,
annual salaries were obtained that reflected gross salaries and wages that included payments for
benefits and employee contributions for insurance and pensions. These salaries for each occupa-
tion and country were treated as national annual average prices, and PPPs were computed accord-
ingly. Also as described earlier, the average salaries were adjusted for productivity in the Africa,
Asia-Pacific, and Western Asia regions. Because this was the first time productivity adjustments
were made, chapter 16 is devoted to this issue. The adjustments were needed because the very
low salaries in some countries would have resulted in implausible levels of real expenditures. The
assumption underlying the productivity adjustments was that the output per worker was likely to
increase with more capital per worker.

The issue for the 2011 round is whether to make adjustments for productivity or to find
output measures such as numbers of health care workers or other health outputs and numbers
of students and test scores for education that are comparable across countries for the estimation
of PPPs. The situation becomes even more complex if different methods are used across regions,
because the PPPs will have to be linked. One of the outcomes of the debate is that all countries will
furnish compensation data for the same set of occupations. These will be used in a global aggrega-
tion to the basic heading and aggregates that in one run will provide regional and global PPPs and
real expenditures. If a region prefers to use a different method to estimate within-region PPDs, it
can do so, and the regional share of the world expenditures from the global aggregation will be
distributed to its countries to maintain within-region fixity.

Basic Headings for Which PPPs Were Imputed

PPPs were imputed for different reasons (see chapter 17). One was that no good measures were
available for comparing government basic headings such as intermediate services, gross operating
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surplus, net taxes on production, and receipts from sales. Household consumption also contained
basic headings for narcotics, prostitution, games of chance, and animal-drawn vehicles, which
would be difficult to price. Moreover, some regions had found it difficult to define price-determin-
ing characteristics for basic headings such as repair of furniture and appliances and maintenance of
major durables and houschold services.

The basic heading PPPs used to impute for those that were missing were called “reference”
PPPs. For example, the reference PPPs for intermediate consumption for government health
services were PPPs for individual consumption expenditures by households (excluding health,
education, and other basic headings imputed using reference PPPs). At the global level, the
imputed PPPs accounted for 14 percent of the global real expenditures. Countries with low
government expenditures had smaller amounts from imputation; those with high government
expenditures had much larger amounts. The Africa and Asia regions had higher levels because
they imputed PPPs for owner-occupied housing. One outcome of this review was to set stricter
standards on when PPPs would be imputed and to increase efforts to directly estimate PPPs for

dwellings.

Imputing PPPs for Missing Countries and
Extrapolating PPPs between Benchmarks

The 2005 ICP covered 146 countries, and therefore PPPs were not available for about 65 other
economies for a variety of reasons, ranging from resources to country interest (see chapter 18).
Data users, however, requested a complete database, and so PPPs were imputed for the missing
economies. For these economies, PPPs were imputed using a model based on benchmark data.
The model imputed PLIs based on GDP per capita in U.S. dollars, imports and exports as shares
of GDP, and an age dependency ratio as explanatory variables.

This process provided a database of PPPs to the U.S. dollar for 180-plus countries for 2005.
However, many data users want PPPs for succeeding years. Therefore, PPPs are extrapolated for-
ward and published each year in the World Bank’s World Development Indicators. These extrapo-
lations are based on GDP deflators. The problem is that the extrapolated PPPs will differ from
the new benchmark PPPs. The challenge is explaining to data users why consumer price index
price changes and GDP growth rates are not consistent with the changes in PPPs between bench-
marks. Chapter 18 provides an in-depth look at the reasons the two data series will not always be
consistent.

Chapter 19 is an overview of the main results from ICP 2005 plus an empirical analysis to
show how results would differ using different indexing methods. Specifically, additive results from
the GK and IDB methods are compared with the nonadditive GEKS results. This comparison
confirms that the additive methods increase the real size of poor countries’ GDPs relative to those
of richer countries.

Chapters 20 and 21 reflect the work of poverty experts who use PPPs to construct inter-
nationally comparable poverty lines. Chapter 20 presents the methods used by the World Bank
to determine the international poverty line ($1.25 international dollars per day) and the number
of people living below those levels. Chapter 21 explores how the recalculation of PPPs using the
expenditure patterns of those at the poverty line compares with those based on the entire popula-
tion. The underlying theory of poverty-weighted PPPs is presented, along with the methodology
developed for the analysis.
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Chapter 22 provides an analysis of international price levels, especially the relationship
between the cross-country price levels and income levels. It shows that this relationship is sensitive
to whether products are tradable.

The International Monetary Fund is a major user of PPPs. Chapter 23 describes in detail
how the IMF uses PPPs to determine membership quotas and in the analysis it publishes in its
World Economic Outlook report. Chapter 24 concludes this volume by further expanding on the
use of PPPs; it describes the adjustments needed to convert expenditure-based PPPs into output

PPPs by sector such as agriculture, manufacturing, and services.

Conclusion

Although the 2005 round of the ICP was a vast improvement over previous rounds because of the
significant effort made to improve methodologies, much was also learned that has been taken for-
ward to the 2011 round. A brief review of lessons learned and improvements being made follows:

* National accounts. More attention is being paid to the national accounts, starting with
the national estimates of GDP and then the breakdown to the 155 basic headings. The
comparisons between countries are based on volume indexes and per capita measures—a
perfectly good PPP is of no use if the GDP it converts is of weak quality. Therefore, a
concerted effort is being made from the beginning to improve national accounts and
make them more consistent between countries.

e From Ring list to global core products. The most significant change is moving from the use
of a Ring list priced by a few countries for linking to the development of a set of global
core products that will be priced by all countries. This change will greatly improve estima-
tion of the between-region linking factors used as scalars to convert within-region PPPs
to the global currency. It also carries with it adoption of the principle of “importance”
to classify products in order to give more weight to those most widely consumed in each
country.

* Difficult-to-compare basic headings. Considerable effort is going into improving the esti-
mates of PPPs for the difficult-to-compare basic headings.

* Duwelling rent PPPs. Because of the criticism from data users that dwelling rent PPPs were
imputed in Africa and Asia, efforts are being redoubled to ensure that direct PPPs are
provided for both regional and global comparisons. The use of output measures for health
and education are also being explored.

* Productivity adjustments. The issue of productivity adjustments for government services
is being addressed. In the 2005 ICP, productivity adjustments were not used in every
region, making it difficult to compare results between countries in different regions. A
significant improvement for the 2011 ICP is using a global aggregation of government
compensation across all countries that is adjusted for productivity differences.

¢ Construction. The methodology for construction is being simplified so that countries can
carry out data collection without having to engage expert consultants.

* Data validation. Greater attention is being given to data validation at the basic head-
ing level and above for both the regional and core comparisons. A major change is
that regional PPPs will be open for review while the core prices and PPPs are being
validated, because the within-region PPPs are an input in the estimation of linking
factors.

XXXI



XXX Measurin THE Reat Size o THe WoRrtp Economy

NOTES

1. The prices used here were taken from various sources for illustrative purposes.
2. 'The linking factors for the CIS region were based on the PPPs for the Russian Federation

from the Eurostat-:OECD comparison. Russia also priced the CIS products and was the base
country for the region.









Introduction:
Reshaping the World

Anaus S. DeaToN

The rounds of the International Comparison Program (ICP) are like successive Olympic Games.
Similar to the Olympics, they do not happen every year, and in the first modern games only
a few countries sent competitors, there were only a few events, and the standards of competition
were relatively low. The participants were amateurs with day jobs, and, although they were great
natural athletes, they did not take their training very seriously. Yet the first modern Olympics was
a watershed, which eventually grew into the record-breaking professional event it is today in which
almost all nations of the world come together in a truly global competition.

The ICP began in the late 1960s and early 1970s, led by Irving Kravis, Alan Heston, and
Robert Summers from the University of Pennsylvania and Zoltan Kennessy from the United
Nations. Like the Olympics, only a few countries (six) took part in the first round in 1967—four
more were added in 1970—and prices were collected for only a small range of goods and services.
Since then, each round has become bigger and better (and more expensive), with more countries
represented, with more and more professional statisticians and economists involved, and with
lots of preparatory training in the form of expert workshops, theoretical papers, and figuring out
how to deal with problems that could not be solved in the previous round. The 2005 round of the
ICP was by far the most professional, the biggest, the most thoroughly researched, and the most
international—with 146 countries. It was the first round to be organized by a Global Office housed
in the World Bank. Its findings changed the economic map of the world.

The 2005 ICP revealed a world that was much more unequal than we economists and others
had thought. It was not quite like discovering water on the moon perhaps, but it was like discover-
ing that the craters were deeper or that the planets were farther from the sun than we had always
thought. And when the World Bank reworked the global poverty counts using the new data, it also
found a world that was much poorer than it had previously thought.

The gaps between rich countries and poor countries—which we long knew were enormous—
were even larger than previously measured. The average gap in the per capita gross domestic product
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(GDP) in 2005 between two randomly selected countries in the world was about 5 percent larger
as a result of the new data. For some individual pairs of countries, particularly a pair in which one
was rich and the other was poor, the reshaping was much larger. The ratio of China’s per capita
income to U.S. per capita income was 40 percent smaller than it was based on earlier data. Much
the same was true for India. And for many of the countries in Sub-Saharan Africa the widening of
the gap was larger still. Meanwhile, what was true for countries was also true of individuals, and
the average difference between the rich and the poor of the world was newly enlarged. As a conse-
quence, the world had many more poor people below any global poverty line fixed in rich country
currency, although, as will be seen, this is not the only way of setting the line.

Comparing Countries

What is the ICP good for? Why do we need it? And how did the world manage before it began?
When it works well and the ideas match the measures, the ICP allows us to make sound com-
parisons of living standards between countries and between widely separated periods of time. The
ICP collects the prices of thousands of items in each country and averages them to calculate price
indexes for GDP, for consumption, and for its components. These indexes allow us to make inter-
national comparisons of the price of rice, or the price of food, or the price of all consumption items.
The national accounts of each country reveal how much its citizens spend on rice, on food, or on
all consumption, so that the price indexes from the ICP allow us to convert these money amounts,
measured in local currency units, to “real” amounts expressed in a common unit, which is nearly
always the U.S. dollar. The dollar amounts, such as Kenya’s per capita GDP in U.S. dollars, is per
capita GDP in Kenyan shillings (calculated by Kenya’s statistical office) divided by the price index
of Kenya’s GDP in shillings per dollar.

These comparisons in common units reveal the relative sizes of different economies. They
indicate not just that one country is richer than another, but by how much. Without the price
indexes, it is impossible to calculate differences in living standards between countries or people’s
well-being in different countries, or to measure global inequality. Without them, it is also impos-
sible to convert a global poverty line into its local equivalent, which is the number needed to
calculate the number of globally poor in each country and therefore in the world. The World
Bank’s global poverty line is constructed from an average of the poverty lines of the world’s poor-
est countries, and these local lines must be converted into international dollars before they can be
compared and averaged.

Since World War II, a uniform set of principles for measuring national income has been in
place. The principles evolved by Richard Stone, James Meade, and Maynard Keynes in wartime
Britain were codified under UN auspices after the war under the guidance of Stone. These prin-
ciples have since evolved into successive versions of the UN’s System of National Accounts, or SNA,
the latest in 2008 (Commission of the European Communities et al. 2008). In following this
system, each country provides estimates of national income in its local currency, and this process,
at least in principle, is carried out in the same way everywhere.

When trying to compare economic characteristics across countries, the obvious method is to
use market exchange rates to convert everything into a common currency—such as the U.S. dollar—
but conversion using exchange rates does not do a very good job. Many factors—such as movements
of speculative capital—affect the exchange rate in the short run, so that the rupee-to-dollar exchange
rate may fluctuate from day to day, even though neither India’s nor the United States’ living standards
are changing. Expectations about the future can affect current exchange rates—for example, between



[NTRODUCTION: ResHaPING THE WORLD

the euro and the dollar—even though there is no change in the current levels of income in Europe
or the United States.

If all goods and services were freely traded between countries, traders would iron out these
fluctuations, at least in the long run. But many goods and services are not traded at all—such as
housing, many government and private services, the law courts, police services, haircutting, wait-
ing tables, or babysitting—and there is no way in which to bring the prices of these items into
line. In poorer countries, where labor is cheap, these nonexportable goods and services tend to be
relatively cheaper than traded goods (such as wheat, gasoline, cameras, or machine tools), so that
if common international units are used to value these nontraded goods, poor countries look less
poor relative to rich countries than if domestic prices converted at market exchange rates are used.

All of this is just what every traveler knows. If an American gets off a plane in Delhi or an
Italian disembarks in Addis Ababa and changes dollars into rupees or euros into birr, the amount
of local currency received will go much further than the original dollar in Washington or the euro
in Rome. In effect, the price level in poorer countries is lower than in richer countries. People in
Delhi and Addis Ababa are indeed poorer than Americans, but because of the lower price levels
they face, the difference is not nearly as large as it appears to be at market exchange rates. The
alternative exchange rate that converts dollars and euros into rupees and birr in a way that preserves
comparable purchasing power is called the purchasing power parity (PPP) exchange rate, and it
is these PPPs that are measured by the ICP. In essence, PPPs are the price indexes computed from
the hundreds of thousands of prices collected by the ICP.

The differences between market and PPP exchange rates are large and important. For poor
countries, GDP per capita at international prices can be three (India) or four (Ethiopia) times
larger than GDP per capita in domestic prices converted at exchange rates. But the ratio of market
exchange rates to purchasing power parity exchange rates is not constant over time, nor is it the
same for all countries with the same level of per capita income. So there is no choice but to actually
collect the prices, and to do so, if not every year, at least on a regular basis.

Key Findings: Inequality

How did the 2005 ICP reshape the view of the world? The headline numbers came from India
and China, whose economies “shrank” under the new estimates. The international dollar value of
China’s per capita GDP in 2005 fell from $6,757 in the 2007 World Development Indicarors (WDI)
to $4,088 in the 2008 WDI (World Bank 2007, 2008). For India, the same comparison shows a
reduction from $3,453 to $2,222. All of these numbers are for a single year, 2005, and because
they come from converting the same local currency values but at different PPPs, another way of
stating the change is that the PPP for China rose by a factor of 1.65, while the PPP for India rose
by a factor of 1.55. Recall that GDP in international dollars is obtained by dividing a country’s
own GDP by the PPP measured by the ICP, so that higher PPPs translate into lower estimates of
GDP. The reduction in China’s and India’s GDP stems from the fact that the price index for China
relative to that of the United States was 1.65 times higher than previously estimated, and that for
India relative to that for the United States was 1.55 times higher.

Because international comparisons are carried out in international dollars, and because
everyone is familiar with U.S. dollars, the obvious first interpretation of these data is that China’s
and India’s economies are smaller than previously thought. But if the ICP had used not the
U.S. dollar but, say, the Indian rupee as its unit of account, the change would have been that the
U.S. economy was much larger than previously thought and China’s economy slightly smaller than
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previously thought. All of these international comparisons are essentially relative; the ICP does
not measure quantities, so it cannot say whether the absolute values of China’s or India’s per capita
incomes were previously overestimated.

All of this may seem like hairsplitting, but it points to an important fact: the ICP widened the
gaps between both India and China and the United States. Neither India nor China is any smaller or
poorer (or indeed richer) than it was, although both are estimated to be smaller and poorer relative
to the United States. In the 2007 World Development Indicators, the per capita income in the United
States in 2005 was more than six times the per capita income in China, and more than 10 times the
per capita income in India (World Bank 2007). In light of the 2005 ICP as reported in the 2008
World Development Indicators, these ratios increased to 12 times and nearly 19 times.

India and China are only two of the countries that moved farther apart from the United
States in the 2005 ICP. Indeed, the effect was quite widespread, with many of the world’s poor-
est countries shrinking relative to the United States. There was relatively little change among the
world’s richest countries (because many of them calculate PPPs every year, there is little opportu-
nity for revision), so that the 2005 ICP caused a general widening of the dispersion of per capita
incomes around the world.

Figure 1 plots the ratios of the “old” PPPs to the “new” PPPs against the logarithm of per
capita GDP. Each point is a country, and the ratio is the ratio of the PPP reported in the 2007
World Development Indicators to the PPP reported in the 2008 WDI (World Bank 2007, 2008). If
the ratio is greater than 1, measured per capita income has decreased relative to that of the United
States; if it is less than 1, per capita income has increased relative to that of the United States.

Figure 1 shows a strong downward slope, which means that the revisions of the 2005 PPPs
were generally larger for poorer countries. As a consequence, many of the poorer countries are
poorer relative to the United States, while the richer countries stay about where they were. Inequal-
ity between countries is therefore larger under the 2005 ICP. The upward revaluation of the PPPs
for India and China turns out to be quite common, with many other countries in Africa and some
in Asia experiencing similar or larger upward revisions. Indeed, the top left of the figure shows
that some African countries had much larger upward revisions than India and China. A number
of these had never been benchmarked in an ICP, and so the previous PPPs were little more than
imputations or educated guesses.

Branko Milanovi¢ (2009) has calculated the Gini coefficient for income inequality among
all the citizens of the world. This number is much bigger than the Gini coefficients for even the
most unequal of individual countries because world inequality is dominated by differences berween
countries rather than by differences within them. According to Milanovi¢s calculations, the world
Gini coefficient in 2002 rose about 5 percentage points because of the revisions in the 2005 ICP,
from 66 percent to 71 percent. Even if we ignore inequality within countries and compute the
world Gini coeflicient on the (counterfactual) assumption that everyone in each country has the
same income, there is a similar increase of 5 to 6 percentage points just from the ICP revision.

Key Findings: Poverty

If the ICP made the poor world poorer relative to the United States, did it increase global poverty?
Not necessarily, because the outcome depends on whether poverty is viewed from a rich country
perspective or from a poor country perspective.

From a rich country perspective, the global poverty line is taken to be a dollar a day and is
held fixed in real dollars. The global line in use before the 2005 revision was not precisely a dollar,
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but $1.08 in 1993 prices. By 2005 consumer prices in the United States had risen by 35 percent,
and so the dollar-a-day line was actually $1.46 in 2005 prices. When that global line was used with
the old PPPs to calculate global poverty, the global poverty count was 931 million people. If the
same global line, $1.46 at 2005 prices, is used with the new PPPs, the global poverty count increases
to 1.76 billion people, almost twice as many as before. Because the global poverty line is fixed in
U.S. dollars and because the PPPs of poor countries have increased, the local equivalents of the
global line have increased, and many more poor people are beneath them. Relative to the United
States, then, the poor world is poorer than was thought, and there are many more poor people.
But use of this rich country perspective is not the only way to make the calculation. In 2005,
at the old PPP of 11.3 rupees to the dollar, $1.46 was worth 16.5 rupees in India (this figure lies
between India’s two domestic poverty lines of 17.7 rupees for urban India and 12.0 rupees for rural
India). Thus using the old PPPs, at a global poverty line of 16.5 rupees per person per day, there
were 931 million poor people in the world, which is just a restatement of the old dollar calculation.
However, if the global poverty line is fixed not in dollars at $1.46 but in rupees at 16.5, and if the
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new PPP exchange rates are used, the new global poverty estimate is 943 million people, which is
close to the original number. Relative to India, then, the world is neither poorer nor richer than
first thought; the ICP revision has had very little effect.

One feature of this second calculation is worth noting. At the new, higher PPP for India, the
global poverty line of 16.5 rupees is now worth only $1.04 in 2005 U.S. dollars. This number is not
only lower than the global poverty line in 2005 dollars (which it must be because of the increase in
the PPP), but also actually lower than the global poverty line in 1993 dollars! However, this is just
a consequence of the happenstance that the proportional increase in India’s PPP was larger than
the U.S. rate of inflation from 1993 to 2005.

Which of these two approaches is right, and why did the World Bank arrive at yet a third
answer? Taking the second question first, the World Bank uses (a version of) the poor country
perspective and calculates its global poverty line not as India’s line but as the average of the poverty
lines of the world’s poorest countries. In principle, this approach should yield something like the
just-described India-based calculation. And yet the Bank’s calculations using the new PPPs show
that 1.37 billion people are living in poverty, a substantial increase over the original estimate. The
Bank arrived at this figure because it made other changes while implementing the ICP revision. In
particular, it took the opportunity to update the group of countries whose poverty lines were used
to calculate the global poverty line, and it turned out that, on average, the new reference group had
higher poverty lines than the old reference group. Much of this was attributable to one country
alone. India, which has one of the lowest poverty lines in the world but is no longer one of the
poorest countries in the world, was dropped from the group, so the global poverty line went up. As
the India example shows, it was this change in the global poverty line, not the ICP revision, that
was responsible for increasing the global poverty count.

Of course, there is no right answer here. A good case could be made for holding the line fixed
in dollars: the international community understands rich world currencies, is justifiably appalled by
the number of people living on an unimaginably small but comprehensible amount, and is confused
by a standard that appears to be denominated in dollars but is actually denominated in poor country
currencies. The case in favor of the poor country standard is based on the reasonable belief that the
poverty lines of the world’s poorest countries are likely to be a good indication of the absolute mini-
mal standard of living anywhere in the world. (But note that the Bank’s new poverty line of $1.25 at
2005 prices is substantially #bove India’s rural poverty line, beneath which live nearly a quarter of a bil-
lion people.) Likewise, there is certainly a case for revising the line from time to time, and there is no
compelling reason to always use the poverty lines of the same set of countries. Even so, the combina-
tion of a revision of the line and a revision of the PPPs at the same time is certainly confusing, and has
made the whole process—which has always been hard to explain—even less transparent than usual.

More Countries in 2005, Fewer Imputations

What did the 2005 round of the ICP do differently? Do these changes make the new results more
or less credible than the earlier numbers?

The most obvious improvement in 2005 was the increase in the number of participating
countries. The 2005 ICP collected prices for 146 countries in all regions of the world, including
48 countries in Africa, a continent that is often underrepresented in international statistical com-
pilations. Meanwhile, China was a full participant for the first time, and India participated for the
first time since 1985. The only major gaps in 2005 were in Central America, the Caribbean, and

a number of small island economies.
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The very first ICB run jointly by the University of Pennsylvania and the United Nations
Statistical Office, collected prices in only six economies: Hungary, India, Japan, Kenya, the United
Kingdom, and the United States. Four other countries—Colombia, France, Germany, and Italy—
collected data for 1970, and were included in the first ICP set of PPPs published in 1975. With suc-
cessive rounds, the number of countries gradually increased, reaching 60 in the 1980 round, 64 in
the 1985 round, and 118 in the 1993 round, the last before the 2005 round.

For most academic economists who use them, the results of the ICP are accessed through
the Penn World Table (PWT), Mark 1 of which appeared in 1980. Mark 5 (Summers and Heston
1991), based on the 1985 round, contained results for 139 countries and covered the period from
1950 through 1988, though not with all years for all countries. Mark 5, described by Robert Sum-
mers and Alan Heston in an important article in the Quarterly Journal of Economics in 1991, was
responsible for reigniting an academic interest in the empirical study of economic growth, and
there is now a huge literature using these data as well as the later versions of PWT Mark 6 based
on the 1993 round. Mark 7, using the 2005 ICP, is currently in preparation.

For countries not covered by the ICP, PPP exchange rates are “filled in” by estimating the price
level based on each country’s level of development. For example, in the examples just cited, the price
level for India is 0.33 and for Ethiopia 0.25, so that for a country with per capita incomes between the
two the price level would be somewhere around 0.30, and the PPP would be 30 percent of the market
exchange rate. In practice, prediction of the price level can be improved by taking into account factors
in addition to per capita GDP. However, each country is special in some way, and the predictions of
a regression are never as good as using actual data.

In past rounds, when a country missed an ICP round, such as India in 1993, a guess could
also be made by taking a previous PPP exchange rate, from the 1985 benchmark, and “updating”
it from the relative rates of inflation in the United States and India. But the basket of goods in each
country’s consumer price index (CPI) is not the same as the international baskets used in the ICP.
Nor are domestic CPIs always constructed to the same principles. So this, too, is only a rough and
ready substitute for collecting the data.

In summary, one of the great strengths of the 2005 ICP was that very few imputations and
updates were required because it covered all major countries together for the first time.

Better Linking of the World in 2005

An important improvement in the 2005 ICP was the way in which the price collection was organized.
In the early days when only a few countries were participating, the ICP was carried out centrally—for
example, at the University of Pennsylvania—but as the number of countries grew over time, price
collection was regionally dispersed. Each region calculated its own set of regional PPPs relative to a
regional base country, with PPPs for the world calculated at a final “linking” stage.

By the 1993 ICP, the dispersal had reached the point at which the central organization had
become very weak. This situation caused many problems, and one of the main aims of the 2005
round was to develop a coherent global structure for the ICP. It was at this point, too, that the World
Bank was brought into the ICP and became not only a major funder but also the home of the Global
Ofhice, which was responsible for the overall design of the project and for combining the regional
estimates into a set of global PPPs. Each of the five regions had its own office, each maintained its
own data collection machinery, and each calculated its own set of PPPs for the region. Meanwhile,
Eurostat and the Organisation for Economic Co-operation and Development (OECD) were jointly
conducting their own regular process of calculating PPP exchange rates for their countries, but in
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coordination with the ICP regions. For other regions, such as Africa, the 2005 ICP was a new regional
effort with an empbhasis on statistical capacity building that would not have taken place otherwise.
At the center of the regions was the Global Office in the World Bank, which was responsible for
coordination and for the final linking stage in which a global set of purchasing power parity exchange
rates was calculated from the information submitted by the regions. The Global Office worked under
the auspices of an executive board formed by the UN Statistical Commission and was provided with
technical advice by the panel of experts who formed the Technical Advisory Group. Overall, the
World Bank furnished the organizational and technical skills to make this enormous operation work.

What were the payoffs from this reorganization? What had gone wrong in the 1993 round,
and how did the new structure help to remedy it?

The 1993 round was neither centrally coordinated nor controlled, and in the face of under-
funding at the center it became a set of regional exercises carried out at different times, each of
which collected data and calculated regional PPPs. A United Nations report circulated in 1998,
commissioned jointly by the UN, the World Bank, and the International Monetary Fund, and
commonly referred to (after its chairman) as the Ryten report, argued that the estimates from the
1993 ICP were not credible. It concluded, with faint praise, that the “ICP is a programme worth
keeping but that its current condition, if little is done about it in terms of credibility, quality of
output, and survival prospects, is poor” (United Nations 1998).

One credibility problem came from the way the global PPPs were constructed. Without
adequate central coordination, not all of the planned links could be carried out, so that the global
PPPs were calculated by linking the regions ex post. The linking was accomplished by using coun-
tries included in more than one region as bridges. This approach is conceptually similar to linking
an old and a new time series from a price index through its value in a bridge year for which both
price indexes are available. But spatial price indexes cover many countries simultaneously and do
not have the natural ordering that comes in time series. This difference means that the results of
linking two regions through a common country will depend on which country is used, a choice
that needs to be made on principle and not by happenstance, as was the case in 1993. One par-
ticular concern is whether the linking country is special in some way—for example, whether it has
patterns of consumption and relative prices that are somehow unusual, something that is often
thought to be the case for Japan, which was one of the linking countries in 1993.

The results also depend on just how the linking is done. For example, one possibility is to use the
PPP exchange rates between Japan and India, both in the Asia-Pacific region, and Japan and the United
States, both in the OECD region, to derive a PPP exchange rate between the United States and India.
A more detailed exercise can be done to convert the price of individual goods and services in India—
rice, clothing, automobiles—from rupees into dollars using the price of each good in Japan as a bridge.
As with the choice of bridge countries, the level of disaggregation will affect the final answer. The spirit
of the ICP dictates that the linking be done at the finest level possible, but without central coordination
this, too, was dictated by happenstance, and from the uncoordinated choices of each region.

China actively participated in 1993, at least to the extent of making a number of compari-
sons between cities in China and elsewhere, but those were never fully incorporated into the 1993
ICP. As a result, the PPPs for China in 1993 were based on data collected in 1986 to make a bilat-
eral comparison with the United States, and then extrapolated forward to 1993.

In the 2005 ICP, the linking of the regions was centrally planned and implemented. Instead
of relying on a few countries that happened to be in more than one region, a group of 18 “Ring”
countries' was selected in advance, with two or more countries in each region. Each Ring coun-
try carried out a second round of price collection, relying on a common special list of more than
1,000 items. The Ring can be thought of as a separate, self-contained mini-ICP, although “mini” is
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relative, because the number of countries in the Ring was larger than the number of countries in
the first round of the ICP. It generated a set of Ring PPPs, and beyond that a set of Ring prices—in
common Ring currency—for each of the goods and services in the ICP. These prices, appropriately
averaged, were then used to “glue” the regions together into a global set of accounts in which there was
a purchasing power parity exchange rate for each country (relative to the U.S. dollar, which was the
numeraire), but also a set of prices—in U.S. dollars—for each of the 155 goods and services (“basic
headings”) covered by the ICP

The linking of the regions in the ICP 2005 was not without its problems. The most serious
of these were not failings of the ICP itself, but came from the conceptual difficulties associated with
all exercises of this kind, particularly when comparing countries whose patterns of consumption
and relative prices are radically different. It is one thing to make PPP comparisons of France and
Germany, or of Kenya and Tanzania, but it is on altogether shakier ground to compare Canada
with Cameroon, Japan with Senegal, or Bolivia with Tajikistan. Such comparisons are difficult
in theory and subject to a wide margin of uncertainty in practice. Indeed, this is something that
anyone using the results of the ICP should always keep in mind.

That the linking procedures in the 2005 ICP were well documented and well thought out,
even if not unchallengeable and certainly not the final word, made the 2005 round much more
credible, more reliable, and safer than any of its predecessors.

More Precise Definitions of Goods
and Services in 2005

With its better coordination, the Global Office was able in the 2005 ICP to provide the technical
support needed to help each country collect prices in a coherent way and to check and edit the
results for credibility and correctness. Such advances attract little attention from the outside, and
any description is soporific both to write and to read, but their importance is hard to exaggerate.
One of the criticisms in the 1998 UN report was that the ICP was very strong on the theory of the
index numbers underlying the PPPs, but much weaker on giving statistical offices precise instruc-
tions on how to collect prices. That weakness was remedied in 2005.

In the 2005 ICD, each region developed its own list of prices—something that makes sense
when countries are more similar within regions than across them. The Ring list was put together
centrally by the Global Office, based on inputs from each region. This list is crucial in linking
the world and plays a central role in determining the distance between poor and rich countries,
and the extent of world inequality. The 2005 Ring included countries as disparate as Senegal and
Cameroon in Africa, Japan and Estonia in the OECD, Jordan and Oman in Western Asia, and
Malaysia and the Philippines in the Asia-Pacific.

Any list that runs across such countries has to satisfy two criteria that are often at odds.
One criterion, in order to validate the international comparisons, is that the goods being priced
are the same in all countries. This criterion calls for precise definitions of the goods in the list. If
the definitions are too vague—for example, a “shirt” or a “family car”—the ICP runs the risk of
pricing lower-quality items in the poorer countries, so that it is not comparing like with like and
is underestimating (overestimating) price levels in poorer (richer) places.

The second criterion is that the goods in the list be widely consumed in each country, so that
the goods are genuinely representative of what people buy.

The 1998 UN report noted the difficulty of satisfying both of these criteria at the same time,
as well as the consequences for the credibility of the ICE, but it did not propose any solution. In any
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event, the 2005 ICP dealt with the issue by developing very precise lists, especially for the Ring list.
For example, instead of wine, or even red wine, the item was “Bordeaux supérieur, with state certifi-
cation of origin and quality, alcohol content 11-13 percent, vintage 2003 or 2004, with region and
wine farmer listed.” This level of detail clearly does very well according to the first criterion of pric-
ing the same item everywhere. The second criterion was dealt with by asking enumerators to report
whether the item was representative of local consumption, with the aim of down-weighting non-
representative products. For a number of reasons, including the difficulty of defining representative,
the reporting did not work in some regions. Nevertheless, it was clear that the 2005 ICP was a huge
improvement on one of the two criteria, if not on both. Making both criteria work remains an active
research area, and there will undoubtedly be further refinements in the 2011 ICP.

Continuing Progress on Other Issues

The ICP has long had a list of problem children known as “comparison-resistant” goods and services.
Many of these are services for which it is traditionally difficult to define quantities—for example, how
does one compare a hip replacement or brain surgery in Nairobi, Tokyo, and Buenos Aires?—and
many relate to government activities—that is, the provision of education, defense, or administrative
services by civil servants. These are all areas in which there are long-standing problems of measure-
ment, even for domestic national accounts, and these problems tend to be even more difficult in
cross-country comparisons. The handling of these issues occupies a large portion of the time of the
technical committees that support the ICP. None of them is definitively solved, and none of the
current solutions is above criticism. But there is also no doubt that progress is being made, and that
better methods and better data collection are constantly being brought on line.

The ICP relies heavily on data it does 7ot collect—the national accounts of the participat-
ing countries. Because the ICP collects data on prices, not on expenditures or quantities, when it
reports levels of real income in international dollars in different countries, it is relying on local
estimates of income in local currency and then converting them to international dollars by divid-
ing by the price indexes from the ICP. Indeed, even the construction of the price indexes from the
prices of individual goods and services relies on the local national accounts to provide the weights
that indicate the relative importance of each category. Thus the ICP comparisons are only as good
as the national accounts that go into them, over which the ICP has no direct control.

Put more positively, the ICP itself is an opportunity for the Global Office to help countries
improve their national accounts. A good deal of this was done in 2005, and more is being done
now in preparation for the 2011 ICP. Thus the ICP, like the Olympic Games, can leave a lasting
legacy of better local infrastructure.

Credibility of the ICP Revisions

According to figure 1, the 2005 ICP made few revisions among the richer countries, and there were
essentially no revisions among the Eurostat-OECD countries. These countries have their own PPP
program, run by the European Union and OECD statistical offices, which calculates PPPs on an
annual basis, and which was incorporated into the 2005 ICP. For those countries with annual monitor-
ing, there is no possibility of the large revisions that can happen when a country has not been bench-
marked for a dozen years or more. The large number of rich countries without revision illustrates the
benefits of calculating PPPs at a higher frequency than is the case for much of the rest of the world.
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Are the revisions elsewhere credible? Are the new PPPs more reliable than the old ones? Are
the higher inequality measures better than the old ones?

The answer to all of these questions is certainly affirmative. As documented in the UN
report, the 1993 ICP was in some disarray and had lost much of its credibility. This disarray was
particularly evident in the way the regions were linked, and it is the linking that is responsible for
establishing the PPPs in Africa and Asia relative to the United States and the other OECD coun-
tries. The linking in the 2005 ICP through the Ring countries was well thought out in advance
and centrally and systematically implemented.

In addition to the improvements in the linking itself, there were many more countries to
be linked. Most of the African countries had never been benchmarked, nor had China, and the
Indian benchmark was more than 20 years out of date. Even if there had been no linking and the
2005 ICP had produced only a set of unconnected regional accounts, it would have been a huge
advance in the supply of credible price information from all countries.

Of course, it is always good to keep in mind that international comparisons are difficult,
especially between countries that are very different in their consumption patterns and in the struc-
ture of relative prices. No matter how accurate, detailed, and careful is the price collection by the
ICP, comparisons of, say, Senegal and Japan, Brazil and Bangladesh, or the United States and
Tajikistan are going to be rough at best. Indeed, a good starting point for anyone using the ICP
results is to take such comparisons with a large grain of salt.

One central issue also identified in the UN report was how to resolve the conflict between,
on the one hand, wanting to measure the same goods in different places and, on the other, ensur-
ing that the goods whose prices were being measured were representative of consumption in each
country. In the 2005 ICP, this conflict was resolved in favor of ensuring that the items were closely
comparable. If the list of such items contains many items that are common in rich countries but
rare and expensive in poor countries, it is possible that linking through the Ring would exaggerate
the difference in prices between poor and rich countries, and this exaggeration would contribute
to an overstatement of global inequality.

However, work by this author (Deaton 2010) failed to yield much evidence of this effect in the
details of the Ring comparison in the 2005 ICP, or at least that the effect contributed very much to
the widening of the gap between rich and poor countries. Instead, the main source of uncertainty is a
more fundamental one—because of the different relative prices and different weights, there is a wide
range of reasonable ways of calculating PPPs. This issue cannot be resolved by better measurement,
although research can certainly build on what has been done so far in order to suggest new measure-
ment. In the meantime, transparency about methods and about data is of the greatest importance.
To aid this, the Global Office has provided data sets to researchers that allow methodologies to be
compared, and this analysis will surely guide further improvements in the 2011 ICP and beyond.

NOTE

1. 'This group included the economy of Hong Kong SAR, China.
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CHAPTER

The Framework of the
International Comparison Program

D. S. Prasaba Rao

A global statistical initiative, the International Comparison Program (ICP) collects compara-
tive price data and then estimates the purchasing power parities (PPPs) of the currencies of
the world’s economies.! Conducted under the auspices of the United Nations Statistical Commis-
sion (UNSC), the program is designed to meet the data needs of the international community of
government policy makers, international organizations, multinational enterprises, and researchers.”
Worldwide, there is considerable demand for data on internationally comparable national income
aggregates, including gross domestic product (GDP), per capita income, and government expen-
ditures on health, education, defense, and investment. In a world that is increasingly integrated
economically, interest is high in the relative size, structure, and performance of nations based on
a comparative analysis of real incomes and growth performance. Meanwhile, serious debates are
under way on the effects of globalization on the welfare of the global society as reflected in real
incomes and global inequality. The evidence on global inequality is patchy at best. The current
research in the area relies heavily on the availability of reliable real income measures, together with
information on the distribution of income at the national level.

Country-specific data are regularly produced and disseminated by the national statisti-
cal offices. However, the direct comparability of national data is limited because such data are
usually expressed in the respective national currency units. The incomparability of published data
on national aggregates also stems from differences in price levels, which imply the differential pur-
chasing powers of currencies. For example, all countries in the Euro Area produce their national
accounts aggregates in euros, but such figures are not directly comparable because there are marked
differences in price levels. For several decades, it was standard practice to use market exchange rates
in converting national aggregates, and this practice was adopted by major international organiza-
tions as well. However, since the seminal work of Gilbert and Kravis (1954) the reliance on market
exchange rates for converting national aggregates has lessened, and exchange rates are gradually
being replaced by the purchasing power parities of currencies.
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The International Comparison Program® began in 1968 as a small research project con-
ducted by Prof. Irving Kravis at the University of Pennsylvania under the auspices of the UNSC.
Gradually, the project, which covered 10 countries in its first phase, grew to its most recent exercise,
the 2005 ICP, which covered 146 countries, accounting for 95 percent of the world’s population
and 98 percent of the world’s gross domestic product in nominal terms. Thus the general frame-
work for undertaking these cross-country comparisons has been evolving over 40 years, and the
methods for compilation of PPPs are being continually refined.

A brief review of the principal finding of the 2005 round of the ICP confirms the signifi-
cance of the project.” In PPP terms, the size of the world economy in 2005, as measured by the
world GDP, was US$55 trillion, which was 24 percent larger than GDP converted to U.S. dollars
using market exchange rates. According to the ICP estimates of PPPs for 2005, the United States is
the largest economy in the world with a world share of 22.5 percent. It is followed by China with
9.7 percent and Japan with 7.0 percent. When these shares are computed using exchange rates,
they are 27.9 percent for the United States, followed by 10.3 percent for Japan, 6.3 percent for Ger-
many, and 5.1 percent for both China and the United Kingdom. It is obvious that the sizes of the
economies do not necessarily correspond with the living standards enjoyed in different countries.

In 2005 the economies with the highest per capita incomes (per capita GDP) were
Luxembourg at 780 percent of the world average, followed by Qatar at 765 percent, Norway at
530 percent, Brunei Darussalam at 529 percent, and Kuwait at 501 percent. The per capita income
of the United States was only 465 percent of the world average. By contrast, the poorest country was
the Democratic Republic of Congo with a per capita GDP of US$264 (in PPP terms), which was
6.6 percent of the world average. However, the per capita actual individual consumption® used in the
ICP provides a more accurate measure of the current welfare enjoyed by people in different countries.
Indeed, the ICP revealed some interesting results. Luxembourg was still ranked first in terms of actual
individual consumption (553 percent of the world average). However, on the basis of this measure
the United States was a close second with 525 percent of the world average. Even more interesting
was Qatar, where the level of actual consumption was only 207 percent compared with 765 percent
in per capita GDP terms. Similar sizes of actual consumption were revealed for Kuwait and Brunei
Darussalam. A more complete overview of the results is presented in chapter 19 of this volume.

On the flip side of income comparisons data was the information on the relative price levels
in different countries. Inferences on price levels were drawn through a comparison of the PPPs
from the ICP and the corresponding exchange rates of currencies. Price level indexes® (PLIs) were
generally low for the poorer countries, and they were around and above unity for high-income
countries. For example, at the GDP level the PLI for India was 41 percent of the world level
compared with Luxembourg, which had a PLI of 142 percent. These PLIs varied across countries
belonging to different income groups and also across different aggregates. For example, for the
machinery and equipment aggregate the PLI for India was 75 percent of the world level, whereas
it was about 102 percent for Luxembourg.

Measures of real income are a useful source of data for the study of inequality in the distri-
bution of income worldwide. Recent work by Milanovié (2009) has shown that world inequality
as measured by the Gini coeflicient was 0.717 in 2005 compared with 0.66 in 2002. This level of
inequality is far greater than that observed in countries with the most inequality. Results reported
by Chen and Ravallion (2010) based on the 2005 ICP results indicate that the world is poorer than
was previously thought. The number of poor under an international poverty line approximately
equal to US$1 per day in 1993 terms is now considered to be about 1.5 billion compared with the
1 billion estimated by relying on previous data on real incomes based in turn on extrapolations

from the 1996 round of the ICP?
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The results from the 2005 ICP just discussed reinforce the significant role of the ICP in
providing internationally comparable economic aggregates. There is little doubt about the sig-
nificance of and the importance attached to the findings of the 2005 ICP. But to use these results
effectively, one must understand the process and methods employed in the compilation of the ICP
results. The main objective of this chapter is to provide an overview of the framework of the ICP
and briefly describe the concepts and methods employed. The chapters that follow are designed to
provide the reader with details of the actual procedures used in implementation of the ICP at the
regional and global levels.

This chapter is organized as follows. Section 1.1 describes the national accounts concepts
that underpin the ICP, and it highlights the decomposition of value aggregates into price and
volume/quantity components. The pivotal concept of purchasing power parities and related
measures such as price level indexes and real expenditures are discussed in section 1.2. Because
the ICP strives to provide measures of PPPs of currencies, section 1.3 presents the framework
used for price comparisons across countries. Various aspects of price surveys, data validation,
and the methods used in the process of aggregating the price data are the main elements of this
section. Section 1.4 then focuses on the regionalization of the ICP and the approach used in
deriving global comparisons by linking regional comparisons. The chapter ends with concluding

comments.

1.1 National Accounts as a Basis for the ICP

The principal objective of the ICP is to provide internationally comparable data on suitable mea-
sures of economic activity and incomes in different countries. The United Nations and other inter-
national organizations such as the Organisation for Economic Co-operation and Development
(OECD) and Eurostat, the statistical office of the European Union, have been actively engaged
in setting up a framework to measure economic activity. The current best practice in economic
measurement is the System of National Accounts 1993 (SNA93)? published by the Commission of
the European Communities et al. (1993). It forms the basis for the ICP.

The gross domestic product is the most commonly used measure of economic activity.’
Within the framework of national accounts, GDP can be measured using three different methods:
the production measure, the income measure, and the expenditure measure. For the purpose of
international comparisons, the focus has always been on the production and expenditure measures.
The reason for this focus is mainly operational: it is difficult to gather the data needed to compare
income measures across countries.

On the expenditure side, GDP is expressed as the sum of (1) final consumption by house-
holds; (2) government expenditure; (3) gross fixed capital formation; and (4) exports net of
imports. Because the basic building blocks are expenditures within different categories, it is feasible
to collect data on the prices paid by the purchasers associated with different transactions, which
can then be used in making price comparisons across countries. Since its inception, the ICP has
based all of its comparisons on data from the expenditure side.

GDP can equivalently be derived from the production side of the national accounts—that
is, as the value of gross output less intermediate consumption plus taxes less subsidies. The pro-
duction approach provides the most direct measure of GDP, and it is the main approach used by
many countries because output measures are available through enterprise surveys and so forth.
International comparisons on the production side are often referred to as the industry-of-origin

approach to international comparisons.'!
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In obtaining measures of economic activity and well-being, it is more appropriate to focus
on the expenditure approach to the measurement of GDP. Using this approach, one could examine
the role of government expenditures, and in particular the level of government expenditures in the
areas of health and education. By contrast, the production side of GDP and the industry-of-origin
approaches are useful in comparing economic performance in different countries and by different
industries. Using sectoral data, one would find it possible to measure and compare productivity by
different industries and sectors of the economy. Operationally, though, it is more difficult to collect
the data necessary for undertaking international comparisons on the production side.'

Structure and Components of GDP
from the Expenditure Side

GDP consists of the following main components. In particular, GDP is equal to

individual consumption expenditure by households +

individual consumption expenditure by nonprofit institutions serving households (NPISH) +
government expenditure (consisting of individual consumption expenditure by government) +
collective consumption expenditure by government +

gross fixed capital formation +

changes in inventories and net acquisitions of valuables +

balance of exports and imports.

For the purpose of the ICE GDP is then divided into 13 major categories, which are further
subdivided into 43 groups. An example of a category is “food and nonalcoholic beverages,” which is
divided further into two groups: “food” and “nonalcoholic beverages.” The category “clothing and
footwear” is similarly split into two groups. Groups are then broken into classes—for example, the food
group contains nine classes that include bread and cereals, meat, fish, and so forth. Each of these classes
is then divided into basic headings—for example, rice is a basic heading in the bread and cereals class.

Basic Headings

The basic heading (BH) is a pivotal concept used in the ICP. It is the lowest level of aggregation
within the national accounts at which expenditure and expenditure share data are available. For
example, if 7ice is a basic heading, then national accounts data would show the total expenditure on
the rice basic heading. However, if different kinds of rice (such as long grain rice and short grain rice
with a percentage of broken rice) belong to the rice basic heading, then no expenditure or quantity
data are available at the item level, although price data can be collected for each of the rice items in
countries in which they are sold. Therefore, basic headings are important from the perspective of
the aggregation of price data (this aspect of aggregation is discussed further in section 1.3).

In the 2005 ICD, a total of 155 basic headings were placed in categories. Of the total,
110 basic headings fell into the aggregate “individual consumption expenditure by households.”
By contrast, only 12 basic headings fell into the “gross fixed capital formation” aggregate. The ICP
essentially uses a pyramid approach, as illustrated in figure 1.1. Price data for different items are
aggregated to yield price comparisons at the BH level, which are then aggregated upward to yield
price comparisons for different commodity groups, for broad categories, for the main components
of GDP, and, at the end, for GDP as a whole. Aggregation above the BH level makes use of the
weights data available from the national accounts.
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FIGURE1L! Hierarchical Approach to ICP 2005

26 categories (e.g., food and
nonalcoholic heverages)

126 classes (e.9., bread and cereals)

155 basic headings (e.g., rice)

Source: ICP 2005.

The Basic Index Number Problem:
Decomposition of Value Aggregates

The main objective of the ICP is to compile national income aggregates from the expenditure side
in an internationally comparable form expressed in the same currency unit and also adjusted for
price level differences. For example, consider the aggregate “food consumption.” Let the aggregate
be based on the consumption of a range of food items. Let NV be the number of commodities within
the food category, and let p, and ¢, respectively, denote the price and quantity of the i-th commod-
ity in j-th country.” Then the food consumption expenditure aggregate for country j, E, is given by

N
(1.1) E = iz:l«]’ij%-

Typically, the price data are expressed in the currency unit of country 7, and price levels vary
across counties. The main problem is to decompose the value or expenditure aggregate in (1.1) into
a price level component 7, and a quantity or volume component Q; so that

1.2) E=P-Q,

The price level component, P, may be interpreted as a PPP'* of currency j expressed in terms of
the currency of a reference or numeraire country. Suppose country 1 is selected as numeraire, and
so P, = 1. Then Q, can be interpreted as the real expenditure or the volume of food consumption
in country j. From equation (1.2) it can be seen that
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i . . .
P expenditure expressed in reference currency units = Q..

~

Once the volumes or real expenditures are obtained, then the relative expenditure com-
parisons may be made either through the ratio Q /Q, comparing the real expenditure on food in
countries j and £ or through country shares, computed as

Q
>Q,

k=1

(1.3)

where Cis the total number of countries in the comparison.

The steps involved in the compilation of P;and Q are the subject of this chapter and chap-
ters 4, 5, and 6. The survey methodology used in the collection of price data and the aggregation
methods for obtaining price level and volume measures vary a great deal, depending on the type of
aggregate used. If certain products within an aggregate are not sold in the market—for example,
hospital services in a country may be provided by the government—it is difficult to observe the
price and quantities of the various types of hospital services provided. This situation calls for a dif-
ferent approach, which is discussed in chapter 16.

Sources of Price and Expenditure Data

Although the conceptual framework of the ICP is provided by the SNA and national accounts aggre-
gates from the expenditure side, the sources of data for the decomposition discussed in the previous
section and shown in equations (1.2) and (1.3) are quite different. The national accounts, which are
published on an annual and quarterly basis in almost all countries, provide data only on the expen-
diture values, £, for different aggregates. These are typically expressed in current prices or prices in
the year of the publication or in constant prices where the aggregates are expressed using prices in
a fixed base year. Expenditure aggregates at current prices are available from the national accounts
publications. By contrast, national accounts do not contain any price data. Therefore, the data
needed for price comparisons within the ICP must be compiled from a completely different source,
and usually these are through carefully planned and executed price surveys in different countries.
The main conclusion to be drawn from this discussion is that the quality of international
comparisons depends on the quality of price data as well as that of the published national accounts
data. In assessing the plausibility of the international comparison results, it is important that one
examine both of these sources carefully in order to identify the main source of any problem.

1.2 Conceptual Framework of the ICP

The ICP focuses mainly on providing estimates of the three core measures—PPPs, price level indexes,
and measures of real and nominal expenditures—needed to conduct international comparisons of
real incomes and standards of living. The first and foremost is the PPPs of the currencies of different
countries. These PPPs are used in turn to derive measures of price levels in different countries. As
explained earlier, PPPs are used in converting expenditure data from national accounts expressed in
respective country currency units into real expenditures or volumes of expenditures that are directly
comparable across countries. These three measures are elaborated further in the sections that follow.



The FrRAMEWORK 0F THE INTERNATIONAL CoMPARISON PROGRAM

Purchasing Power Parities

The main step involved in international comparisons is the conversion of national income aggre-
gates expressed in national currency units into a common currency unit. Such a conversion makes
it possible to compare the aggregates across countries, and one should also be able to sum them
across countries or regions and examine the country shares within the global economy. The simplest
method and one that was followed for a long time was the use of market exchange rates to convert
national aggregates. Conversion using exchange rates makes it possible to compare and aggre-
gate across countries, but the resulting aggregates are not very meaningful because exchange rate
conversion does not necessarily account for price level differences. It is now well recognized that
exchange rates are volatile, reflecting sizable movements of capital across countries. The exchange
rates are less likely to refer to the actual price levels in different countries and the purchasing power
of the currencies.” Therefore, PPPs are used in the place of exchange rates.

A working definition of a PPP is that it represents the number of currency units required ro
purchase the amounts of goods and services equivalent to what can be bought with one unit of the cur-
rency unit of the base or reference or numeraire country. This simple but effective definition of a PPP
has several key elements. The first element is to determine the number of currency units of a given
country that have the same purchasing power as one unit of the currency of another country. Index
number methods in conjunction with data on prices paid by consumers in different countries are
used in determining the purchasing power. For example, a PPP of 13.5 Indian rupees (Rs) per U.S.
dollar for the basic heading rice means that the quantity of a basket of different varieties of rice
that can be bought for one U.S. dollar costs 13.5 Indian rupees at the prices prevailing in India.'®
Thus Rs 13.5 represents the PPP for the commodity rice. An implication is that the PPP can vary,
depending on the commodity or commodity group being considered.

The second element is that PPPs are measured relative to a numeraire or reference currency
unit. In the example just given, the U.S. dollar is used as the numeraire currency—that is, the
currency in which PPPs and real expenditures in different countries are expressed. The numeraire
is usually an actual currency such as the U.S. dollar, but it can also be a world average currency or
regional average currency. A commonsense requirement would be that international comparisons
and relative levels of income or GDP not be affected by the choice of the reference currency.

A simple and celebrated example of a PPP is the Big Mac index (published in 7he Economist
since 1986). It measures PPPs based on just a single item, McDonald’s Big Mac, and its prices in
different countries. According to the index,"” the price of a Big Mac in the United States is US$3.73,
in Australia $A 4.35, and in Japan ¥320. These prices imply PPPs of $A 1.17 and ¥85.79 per U.S.
dollar. An interesting feature is that the PPP for Japanese yen per Australian dollar can be either
directly computed as the ratio of ¥320 to $A4.35, which is equal to ¥73.56, or indirectly obtained as
the ratio of the PPPs of the Japanese yen (JY) and the Australian dollar (AUD), both expressed with
respect to the U.S. dollar as

ppp. - PP 8579
sAan = ppp 117

AUD,USD

= ¥73.56.

'This transitivity property of PPPs is automatically satisfied when only one commodity is included in
the basket of goods and services used for the PPP computation. However, more complex methods
are required when more goods and services are included. Chapters 4, 5, and 6 of this volume
describe the index number methods used in the computation of PPPs. The property of transitivity
is more formally defined in section 1.3.
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It is important to note that PPPs are similar to the price index numbers computed over
space—that is, across countries or regions within a country—and very similar to the price index
numbers over time. But there are two important differences. First, the magnitude of a PPP has
the currency dimension, and therefore it cannot be readily interpreted as a price index. Reverting
to the example of PPPs based on the Big Mac index, a PPP of ¥85.79 per U.S. dollar simply says
that what a consumer can buy for one U.S. dollar requires 85.79 Japanese yen. Can one infer the
price level from this? It would be possible only if the currency unit were the same in both countries
(the problem of measuring price level is considered shortly). The second difference is that price
comparisons over time are undertaken in a sequence determined by chronological order. However,
such sequencing is not possible where cross-country comparisons are concerned. For this reason, it
is necessary to ensure that the PPPs satisfy the transitivity property.

What are the uses of PPPs? Purchasing power parities are gradually replacing market exchange
rates as the conversion factors used to make international comparisons of the real incomes, price
levels, and economic performances of countries. The use of PPPs is in fact essential to make real
GDP comparisons—that is, comparisons of the underlying volume of goods and services in dif-
ferent countries. There is an exact parallel here between the use of PPP exchange rates for GDP
comparisons between countries at a given point in time and the use of constant prices in compari-
sons of GDP for a given country over time. In both cases, comparisons are impossible to interpret
unless differences in the underlying volumes are separated from differences in prices. The spectacu-
lar growth in the use of PPPs for international economic analysis largely stems from the increased
availability of PPP data from the World Bank through its International Comparison Program and
also from the extrapolated series made available through the Penn World Table (PWT). The 2005
ICP covered 146 countries, including most of Africa, China for the first time, and India for the first
time since its last participation in 1985. The PWT, constructed and made popular by Summers
and Heston (1991) and Heston, Summers, and Aten (2009), provides extrapolated PPPs for over
170 countries covering the period 1970-2005."8

The World BanK’s flagship publication World Development Indicarors makes use of extrapo-
lated PPPs and presents cross-country real income data (World Bank 2011)." The Bank has also
been using PPPs from the ICP to measure regional and global poverty; it provides estimates of the
number of people whose income/expenditure is below US$1 a day or $2 a day. Chen and Ravallion
(2010) provide estimates of global poverty based on the recent 2005 ICP PPP data. They find that
poverty is much worse than what was thought before release of the latest PPP data. Chapters 20
and 21 of this volume describe how PPPs from the ICP are used in the measurement of regional
and global inequality and poverty.?’

The ICP’s PPPs have gained prominence from their use in the Human Development Index
(HDI) by the United Nations Development Programme (UNDP). The HDI uses PPPs in the
measurement of real per capita GDE which is one of the three components of the HDI. In recent
years, large countries such as India have begun to measure the HDI at the state and district levels.
Thus PPPs are also being used for interregional price comparisons within a country.

The most important use of PPPs is in measuring the real GDP of countries, thereby mak-
ing it possible to rank countries by their relative size as well as by their real per capita GDP. Total
and per capita GDP converted to a common currency using PPP exchange rates also provide the
basis for a range of key analytic statistics such as CO? emissions or energy consumption per unit of
GDP. The ICP produces PPPs not only at the GDP level but also for lower-level aggregates such
as private consumption, government consumption, and investment. For example, government
expenditures on health and education expressed in a common currency unit using PPPs are often
used by institutions such as the World Health Organization (WHO) and the United Nations



The FrRAMEWORK 0F THE INTERNATIONAL CoMPARISON PROGRAM

Educational, Scientific and Cultural Organization (UNESCO). Per capita gross fixed investment,
per capita government collective expenditures, and per capita actual individual consumption of
households are widely used in analyzing economic growth, the role of government, and living
standards, respectively.

Given the long list of uses of PPPs, one might wonder whether there is a role for exchange
rates in international economic analysis. Market exchange rates are useful in determining whether
a country’s exports can meet the costs of imports, in calculating the value of the current account
balance in the balance of payments, and in comparing share prices. In addition, the traditional
analysis of growth in GDP at constant prices, productivity growth, domestic inflation, and the
structure of GDP within a country are best based on domestic data in which the value aggregates
are all expressed in domestic currency units. For these purposes, it is not necessary to convert the
value aggregates using PPDs.

Finally, it is also useful to note the purchasing power parity theory put forth by Gustav Cassel
(1918), which states that if all goods and services were traded freely without barriers, then the pur-
chasing power of currencies would coincide with the market exchange rates. This theory assumes
that exchange rates are determined only by the demand for currencies to finance trade in goods
and services. But this is clearly not the case; foreign currencies are also purchased for tourism, for
folio and direct investment, and in expectation of speculative gains from movements in exchange
rates. Purchases of currencies in order to finance trade may often be a relatively small part of the
total volume of currency transactions. Market exchange rates do not tend to converge toward PPPs
nor PPPs toward exchange rates, and the purchasing power parity theory of equilibrium exchange
rates has long been discarded. As a result, there is a definite need for reliable PPPs for converting

aggregates 1nto common currency units.

Measuring Price Level

An ICP concept that matches PPPs in importance is the price level in a country, which is com-
monly measured by the price level index or PLI. As noted earlier, a PPP indicates the number of
currency units that have the same purchasing power as one unit of a reference currency. It is not
possible to make any inferences about the price level in the country concerned, but people do like
to know which countries have lower prices and for what commodity categories. The general per-
ception is that developing countries are relatively cheaper than more developed countries.

A measure of price level in a given country for a basket of goods and services is the ratio of
the PPP for a particular basket to the market exchange rate for the currency. Thus the price level
index for country j with respect to a commodity group is given by

PPP

1.4 PLL=—"'.1
(1.4) LL =+ 100

where XR, is the exchange rate of the currency of country j. For example, the 2005 ICP found
that the PPP for the British pound* was US$1.00 = £0.65, where the exchange rate, XR, was
US$1.00 = £0.55. Thus if a tourist from the United States exchanges $10 for £5.5 at a bank, he or
she would have to spend £6.5 to buy what could be bought using $10.%2 This means that the price
level index using equation (1.4) is equal to 118, which indicates that prices in the United Kingdom
are 18 percent higher than those in the United States. Table 1.1 shows the PPPs, exchange rates,
and price levels at the GDP level, which means that all the goods and services in all categories
form the basket.
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TABLE1] PPPs, Exchange Rates, and Price Level Indexes: Selected Countries, ICP 2005
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Source: World Bank 2008, summary table and table 2.

Several features of table 1.1 are worth noting. The first feature is that the PLI for the
United States defined when the U.S. dollar is the numeraire currency is equal to 100. Relative
to that, countries in Europe appear to have higher PLIs, with Switzerland 40 percent above the
price level of the United States. By contrast, all the developing countries have PLIs of less than
50 percent, except for South Africa, which has a PLI of 61. From the table, a negative relation-
ship between income level and the PLI may be postulated. There is a lot of research explaining
why the national price levels exhibit this type of relationship. Of particular importance is the
work of Kravis and Lipsey (1983), Clague (1988), and Bergstrand (1996). The main conclusion
is that price level differences are induced by differences in the prices for tradable and nontrad-
able goods, as well as the productivity level differences between developed and developing
countries.

The second feature of table 1.1 worth noting is that when the PLI for India is 33 with
the United States set at 100, it is difficult to know whether prices in India are low or prices in the
United States are high. Column 3 of table 1.1 provides no answer. And it is for this reason that the
ICP often reports PLIs relative to a world average level of 100.%> From the last column, it is clear
that the U.S. prices are themselves above the world average by 24 percent and that the Indian price
level is now 41 percent of the world average.

In conclusion, the PLI is an important concept that has significant practical relevance.
Obviously, PLIs for the same country vary across different commodity groups. It is usually true
that consumption goods are cheaper in developing countries, which is what the average tourist
experiences during visits to Africa or South Asia. However, investment goods such as machinery
and equipment are usually a lot more expensive than consumption goods or the whole of the
GDP. For example, Bhutan has a PLI of 114 for machinery and equipment compared with a
PLI of 44 for GDP. The respective figures for Vietnam are 86 and 37 and for the Democratic
Republic of Congo 153 and 63. These PLIs illustrate the importance of PLI data for differ-
ent commodity groups because policy makers need to ensure that investment goods are more
cheaply available.
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Real and Nominal Expenditures

The main focus of the ICP is on the expenditure side of GDP. Therefore, all the aggregates of
interest relate to expenditures associated with certain commodity groups. The data available from
the national accounts of countries are in the form of expenditures expressed in national currency
units. These are denoted by £ as defined in equation (1.1). Obviously, these £/s are not comparable
across countries. In this case, it is necessary to convert them into common currency units. The
nominal expenditure aggregates are obtained by converting the value aggregates in national cur-
rency units using exchange rates. Let /VE, represent nominal expenditures, and then

N
E ;Pa‘%
(1-5) NE} = X—R] = XR] .

The term nominal is used in describing this aggregate because /VE; does not account for price level
differences.

The real expenditures, which are also referred to as volumes for any expenditure category, are
simply the expenditures for the category in national currency units converted using the PPPs for
the category. Therefore, the volumes denoted by Q are given by

N
E Zpi/q,-j
(1.6) Q/ = real expenditure = W]P] = IZII)TPJ
The real value aggregate in (1.6) converts the national currency value aggregate into a reference or
numeraire currency after adjusting price level differences using the PPPs.

1.3 Methodological Framework
for Price Comparisons

The ICP is designed to yield reliable global comparisons of prices and real expenditures. As it has
evolved over the last four decades, the ICP has become increasingly regionalized for reasons that
will become clearer in this section. The 2005 ICP covered 146 countries from different regions of
the world and at different levels of development. The ICP has devised an approach in which PPP
computations and real expenditure comparisons are first undertaken at the regional level, where
the items used in consumption are likely to have significant overlaps and the price structures in
these countries are likely to be similar. The regional comparisons are then linked through the
additional data collected for a set of countries selected from different regions—the so-called Ring
countries—and for a single list of items. The additional price data are then used to link regional
comparisons to yield global comparisons.

The general architecture of global comparisons is discussed in section 1.4. This section pro-
vides a brief description of the ICP methodology for compiling PPPs and real expenditures at
the regional level. As mentioned in section 1.1, price data and national incomes data are the
two key inputs for this process. The national accounts framework and the nature of data from
national agencies are discussed further in chapter 3. The methods and procedures employed in the
collection of suitable price data and some basic principles that underpin the choice of the methods
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used in aggregating the price data are the main elements of this section. It begins by explaining
the structure of the ICP at the regional level. It then turns to identification of the product lists
and important considerations such as the comparability, representativeness, and importance of the
products and the need to maintain consistency between national accounts. Price surveys for com-
parison-resistant services and special product categories such as machinery and equipment are also
briefly described. The section concludes with an overview of the methodological considerations for
the compilation of PPPs, including the #ransitivity, base invariance, characteristicity, and additivity
properties of multilateral comparisons.

Structure of ICP Comparisons

The ICP has adopted a pyramid approach (see figure 1.1) to building up PPPs at various levels.
Following on from the definition of a PPP and given that a PPP based on a single item of
consumption is simply the ratio of prices,?® the ICP starts with the price data at the item level.
These price data are combined to yield PPPs at the basic heading level, where a basic heading is
identified as the lowest-level aggregate for which information on expenditure is available from the
national accounts. The ICP has 155 basic headings. Some examples of basic headings are rice; lamb,
mutton, and goat; eggs and egg-based products; coffee, tea, and cocoa; small electric household
appliances; motor cars; passenger transport by railway; newspapers, books, and stationery; phar-
maceutical products; compensation of employees in the health sector; general-purpose machinery;
and residential buildings.?> At the first stage, the ICP compiles PPPs for each of the 155 basic head-
ings.”® The index number methods used in deriving basic heading PPPs are discussed in chapter 4.

The 155 basic headings are combined to form 126 classes. The main aggregation is in the food
and nonalcoholic beverages area where 29 basic headings are grouped to form 11 classes. For example,
the basic headings fresh milk, preserved milk and other milk products, cheese, and eggs and egg-based
products are combined to form the class milk, cheese, and eggs. These classes are designed to provide
PPPs useful for researchers who may wish to reweight them to derive PPPs for specific applications.”
For example, the BH-level PPPs are combined with expenditure patterns of the poor in deriving
poverty PPPs. The methodology used for this purpose is elaborated in chapter 21.

The 126 classes are then combined to form 61 broad commodity groups such as food, cloth-
ing and footwear, health, transport, construction, and machinery and equipment. For example,
the group food is made up of nine classes, which include bread and cereals; meat; fish and seafood;
milk, cheese, and eggs; oils and fats; fruit; vegetables; sugar, jam, honey, chocolate, and confection-
ery; and food products not elsewhere classified.

Finally, the 61 groups are aggregated into 26 categories, which are listed in table 1.2. This
list is indeed important because it represents the level of aggregation at which the PPP results from
the ICP are actually published.?®

The methods used to compute PPPs at the BH level and at higher levels of aggregation differ
because of the nature of the data available at those levels. These are discussed further in section 1.3.

Collection of Price Data

Price data are the crucial input for PPP compilation within the ICP. The meaningfulness of the
final PPPs from the ICP critically depends on the accuracy, reliability, and representativeness of
the price data collected. A few of the important considerations involved in the collection of price

data are discussed in this section.
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TABLE1.2 Main Aggregates Used in the ICP

Source: World Bank 2008, appendix C.
Note: NPISH = nonprofit institutions serving households.

Consistency with National Accounts Data

Because PPPs are price level measures that are in turn used in deriving estimates of real expen-
ditures and volumes, it is important that the price data used in the ICP are consistent with the
national accounts notion of the aggregates under consideration. Equations (1.1) and (1.2) applied
to a commodity aggregate such as food would be
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(1.7) E]ﬁwd:ief%dpiqu_j = pfed. Qi

Equation (1.7) implies that the food value aggregate in country j is determined by the
prices and quantities of items that belong to the food group in country j. However, international
comparisons are made using a common list of items priced in different countries within a region.
If the product list in the ICP is significantly different from the product list of the country, then
there is a serious mismatch between the ICP and the national accounts data that underpin the
expenditure data. Therefore, a degree of consistency must be maintained between the product list
of the ICP and the items used in arriving at the national income aggregates at the country level.
The consistency requirement has implications for the process involved in identifying and preparing
the product list used in the price surveys. In deciding on the product list for a particular aggregate,
one must examine the coverage of the particular aggregate in national accounts and then iden-
tify the products for inclusion in the list. For example, if the aggregate concerned is equipment,
the products identified must relate to the types of equipment used in deriving the expenditure
aggregates.

Unless a reasonable degree of consistency between the national accounts coverage and the
ICP item lists is maintained, the PPPs and real expenditures from the ICP will be less meaningful

for comparative purposes.

Product Lists for Price Surveys

A critical first step in the ICP that has far-reaching implications for deriving PPPs is the preparation
of the item or product list for use with the price surveys. Within the ICP, these lists are prepared
separately for the individual consumption expenditure by households, individual consumption
expenditure by government, and gross fixed capital formation components of GDP. No price data
are collected for imports and exports because exchange rates are used as PPPs for the balance of
trade component of GDP?

'The regionalized approach, which is discussed further in section 1.4, has reduced the need to
prepare a global list of products to be priced by all participating countries.*® Because the regions are
more homogeneous and are more likely to have similar tastes and preferences, it is easier to identify
consumption items that are comparable across countries and at the same time representative. The
process is much simpler in some regions such as the Eurostat-OECD—countries in this group are
at a similar level of development. Furthermore, most of the countries in this group are in Europe,
making it possible to identify products for price surveys. However, the process is more complex
when diverse regions such as the Asia-Pacific are considered. In the 2005 ICD, the process of deter-
mining the product lists for the Asia-Pacific region was conducted through a series of workshops in
which representative experts from all the participating countries discussed and identified a product
list for the price surveys. For example, 656 goods and services were in the list for the individual
consumption aggregate. Despite the elaborate process followed, there was a feeling that the region
has identifiable subregions such as South Asia and East Asia with fairly different consumption
baskets.*!

Because the prices collected will be used in the PPP computations, several considerations
arise. First, from the national accounts perspective discussed earlier, the products included must
be representative and also consistent with the national accounts. Another consideration is the
comparability of products in the list for the price surveys. To derive meaningful PPPs based on com-
parisons of prices at the item level, one must ensure that the products priced in different countries
are comparable. Indeed, it is important to compare like with like in the process of deriving PPPs.
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The PPP based on the price of a Big Mac is a good example. Because the Big Mac is comparable
across countries, it meets the comparability requirement. However, the Big Mac is only one con-
sumption item, and it may not be representative of consumption patterns in different countries.
In some developing countries, the Big Mac is an item consumed by high-income individuals. Thus
it may not be typical of consumption, and reliance only on the Big Mac would tend to distort the
price levels in the countries being compared.

In general, there is a tension between the two criteria, representativity and comparability, and so
the ICP strives to strike a balance between these two requirements, as discussed in the sections that fol-
low. The ICP 2005 Methodological Handbook (World Bank 2007) is an excellent source of discussion
of the concepts of representativity and comparability, and this discussion draws on this major source.

Representativity

An important requirement of the product list for the ICP is that the products selected be repre-
sentative of the products purchased in each country in the region. In practice, it is inevitable that
differences will arise in the types of products purchased in the same basic heading in different
economies, particularly in view of the cultural and economic diversity in the Africa and Asia-Pacific
regions. The ICP 2005 Methodological Handbook®® defines representativity as follows: “Representa-
tive products [are those that] figure prominently in the expenditures within a basic heading within
a country. They are therefore products that are frequently purchased by resident households and
are likely to be widely available throughout the country” (World Bank 2007).

The representativity of an item within a basic heading is also related to the general price level
of the basic heading. The price levels of nonrepresentative products are generally higher® than those
of representative products. Therefore, if in the same basic heading one country prices representative
products while another prices nonrepresentative products, the price comparisons can be distorted.
Because of these issues, price collectors or statisticians must exercise a fair degree of judgment in
identifying products considered representative for a given basic heading. In this process, items in the
consumer price index (CPI) of a given country may be considered representative for that country.

At the stage at which the product list is being prepared, it is important to ensure that coun-
tries would find it feasible to identify representative products to price. Each country is not expected
to price all the products in the list for a given basic heading. All the countries are expected to price
both representative and unrepresentative products. In the 2005 ICP, countries were asked to iden-
tify the representativeness status of each item they priced, but the responses were mixed, and it was
evident that the concept of representativeness was difficult to implement. Thus the information
collected on representativity was simply ignored.**

The criterion of representativity was used in the 2005 ICP only for items in basic headings
that belonged to individual consumption expenditure by households. The government expenditure
comparisons were based on wages and salaries data and therefore did not require any product list.
The ICP’s Global Office (located at the World Bank) prepared a list of items in order to compute
PPPs for gross fixed capital formation and endeavored to make the list as representative as possible
for all ICP countries.

Comparabhility

Comparability is an important requirement that has implications for meaningful interpretation of
the PPPs derived. The ICP 2005 Methodological Handbook defines comparability as follows: “Two or
more products are said to be comparable either if their physical and economic characteristics are
identical, or if they are sufliciently similar that consumers are indifferent between them. Alterna-
tively, two similar products may be said to be comparable if consumers are indifferent to which of
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the two they consume. This implies that consumers are not prepared to pay more for one than the
other” (World Bank 2007).

Identifying comparable products is difficult when undertaking comparisons in regions with
diverse cultures and standards of living. In such cases, a useful starting point is to define detailed
specifications for each product to be priced. When there are subregional variations such as in the Asia-
Pacific region, it may be necessary to have products that are comparable across countries in the subre-
gion. This means that some products that can be priced in one subregion cannot be priced in another.

Usually, it is difficult to decide on the level of comparability to be achieved. A product
selected for pricing is more likely to be comparable between economies if the specifications are
tightly defined. This is the approach followed in the Eurostat-OECD region. But the more tightly
defined the product, the more difficult it becomes to find products meeting the specifications.
Similarly, two products that differ in some price-determining characteristics will generally not be
comparable. In such cases, it may be necessary to define products more loosely to enable countries
to find products that meet the specifications. A disadvantage of this approach is that in such cases
it becomes difficult to determine whether countries priced the same item.

Within the ICE, comparability is closely related to the price-determining characteristics. For
example, rice sold loosely in small quantities may be considered different from rice sold in packets
of 5 kilograms. Here the size of the purchase is one of the price-determining characteristics because
the price per kilogram could be higher when rice is purchased in small quantities. Similarly, an
item, say potatoes, bought from an open market may be considered different from potatoes bought
from a supermarket even if the quality characteristics are the same. Potatoes sold in a supermarket
may have other service components, such as an air-conditioned store and help with packing the
purchases made. It is recommended that these price-determining characteristics become part of
the specifications and are used in pricing the products.

In the preparation of product lists, it is important to strike a balance between comparability
and representativity. On the one hand, comparability is clearly important because it is difficult to
make sense of price comparisons unless the products have similar characteristics, including quality.
On the other hand, representativity is also important because the prices of nonrepresentative
products are usually higher than those of representative ones. If a good balance is not struck, the
resulting comparisons are likely to be distorted.

The actual aggregation methodology used in computing PPPs from the price data is designed
to make use of information on representativity, as well as on the price-determining characteristics
of the product. Chapter 4 of this volume looks at the aggregation of item-level prices and describes
procedures that can incorporate representativity. In particular, the Country Product Representa-
tivity Dummy (CPRD) and GEKS (Gini-Elteto-Kéves-Szulc) methods are used in handling the
additional information on representativity.

Importance
The practical use of the concept of representativity proved difficult in the Asia-Pacific and Africa
regions. Considerable confusion arose as to whether a particular product was representative. In
many instances, products considered representative were not actually priced in the surveys. Mean-
while, a large proportion of nonrepresentative products were actually priced. Such imbalances in
the surveys can lead to highly distorted estimates of PPPs. As a result, it was decided not to use
the representativity information provided by the countries; it was used only for post-ICP research
into this concept.

Consequently, for the 2011 round of the ICP it was recommended that the notion of the
importance of a product be used in dealing with the price data provided by the countries. Because
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price surveys are usually based on a self-weighted design in which the weights represent the volume
shares of the products in a particular basic heading, any notion based on either volume of the
product sold or share of total sales could be used as an indicator of importance.

Basically, then, product lists should be prepared with the main focus on comparability. Once
all the product characteristics are specified, then the price statisticians in each country provide an
indication, in the first instance, as to whether the product is important or not. “Importance” refers
to expenditure shares within the basic heading. Although statisticians will not usually know expen-
diture weights within basic headings, they are asked to use their expert judgment as to whether,
if such weights were available, they would be relatively large. If so, the product concerned is to be
regarded as “important.” As a working rule, it has been agreed that any products also priced for a
country’s consumer price index would automatically be defined as “important.”

Structured Product Descriptions

Once the product lists are finalized and their price-determining characteristics are identified, they
are recorded in the form of structured product descriptions (SPDs). In the 2005 ICP, the product
characteristics were identified using the checklist of the consumer price index of the U.S. Bureau
of Labor Statistics as a starting point. The SPD of a product defines those characteristics that
are price-determining. Once the SPD is set for a product cluster, products within the cluster are
identified by selecting the specific characteristic of each product included in the pricing list. The
SPDs, which were developed by the Global Office, were used as a basis for preparing product lists
at the regional level.

National Annual Average Prices

Once the product list is finalized and price surveys are conducted in the participating countries,
these prices are reported back to the regional office for further processing. In the 2005 ICP, there
was considerable discussion about the merits of using individual price quotations, but it was
decided for operational reasons to use national annual average prices as price data in the computa-
tion of PPPs. In concept, the national annual average price of a commodity would be obtained for
each product as its average unit value for 2005 (defined as the value of the total quantity of the item
sold during the year divided by the number of units of the item sold across the whole country). In
practice, however, it was impossible to obtain the detailed data required to calculate unit values,
and so the process adopted for the ICP was similar to that used within the CPI.

In the 2005 round, a sample of products was selected for pricing, and their characteristics
were defined in detail using the SPDs. Prices were collected for these products in each quarter of
2005 from a range of outlets, including supermarkets, local stores, and markets, and from various
regions (rural and urban and provinces) within each country. Basically, this was a self-weighting
design in which collections were spread across outlets and regions broadly in proportion to their
importance (sales or quantities) in the economy.®” If sufficient information was available to enable
the application of explicit weighting, especially to the urban and rural components to ensure they
reflected the relative importance of each, such information was used in computing a weighted

national average price.*

Weighting the rural and urban prices was considered important. In cases
in which no weights were available, simple arithmetic averages of the prices were used. If the
product under consideration was not a seasonal product, the annual average was calculated as
a simple arithmetic average of the quarterly prices. If the products were seasonal, the weighted
averages of quarterly averages were used.

Participating countries reported to the regional coordinators the national annual average

prices of selected items in the product list. Along with the averages, countries supplied detailed data
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on the number of quotations used in the computation of the averages, as well as the standard devia-
tions of the price quotations used in the averages. The standard deviations could serve as measures
of reliability of the price data used as input for the PPP computations in future rounds of the ICP.

Price Surveys for Comparison-Resistant Areas

The preceding discussion focused mainly on the product lists used in comparisons of individual
consumption by households. Individual consumption consists of 110 basic headings, and inter-
national comparisons of consumption are intrinsically important. However, the real problems
encountered within the ICP are with the comparison-resistant areas. These are the components
of GDP that are not easily amenable to international price comparisons. The difficulty stems in
part from the fact that these components largely consist of nonmarketed services provided by the
government either for individual consumption, such as health and education, or for collective
consumption in the form of police and defense services and in the form of parks and the like for
the enjoyment and benefit of the general population.

In the 2005 ICP, the government expenditure was classified by function, such as health and
education, and then by type of expenditure, including compensation of employees, intermediate
consumption, gross operating surplus, and net taxes on production and receipts from sales. Essen-
tially, government expenditure PPPs were computed by means of the inpuz approach and used
prices for various inputs, including the wages and salaries of employees. Because the input approach
does not explicitly account for productivity differences, a direct comparison of salaries could lead to
misleading PPPs and inflated real expenditures or volumes for countries with low productivity. The
Asia-Pacific, Africa, and Western Asia regions implemented a productivity adjustment, but it was
not applied in other regions or when regions were linked to yield global comparisons.?” Because of
the difficulties associated with comparisons in the government sector, two chapters of this volume
are devoted to this topic—chapter 15 to comparisons of government compensation and chapter
16 to the methodology for productivity adjustments.

Health goods and services were considered under several basic headings covering health
products and health services. Because health services could be provided by both the government
and private providers on a fee-for-service basis, the 2005 ICP relied on the basic principle that price
should reflect the full price irrespective of who paid for the services. Similarly, detailed guidelines
were established for pricing private education services to ensure that the prices collected for edu-
cation were comparable. Education was divided into primary, secondary, and tertiary levels, and
tutoring-type services were also included. Chapter 11 on health and education details the proce-
dures used in the 2005 ICP, and refinements are being considered for the 2011 round of the ICP.

Price comparisons for construction and equipment are difficult when the countries involved
range from low to high income and the technology used in such a diverse range of countries could
be quite different. In the 2005 ICP, a new approach known as the basket of construction components
(BOCC) was employed. The PPPs for construction were based on the prices of the major installed
components of major construction projects, which were then built up from the costs of the more
basic building materials (e.g., sand, cement, steel) and labor. Chapter 13 of this volume on con-
struction provides an overview of the issues and also explains the differences in the methodologies
employed in different regions. Moreover, the chapter describes in detail a new approach under con-
sideration for use in the 2011 ICP. PPPs for equipment were based on price surveys for equipment
goods using specifications for equipment developed by the Global Office. Because comparison of
the prices of equipment goods is a complex task, experts from different regions provided advice on
product characteristics and their representativity in different countries. Chapter 14 on machinery
and equipment provides further details on the procedures used in compiling PPPs for this aggregate.
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Finally, one of the most difficult areas for international comparisons is dwelling services. Com-
parisons of rents even within a country present many difficulties, which are greatly compounded
when it comes to international comparisons. Even using a regionalized approach, it is difficult to
compile PPPs for dwelling services in regions such as the Asia-Pacific where the countries range
from developed ones such as Singapore to lower-income countries such as Cambodia and Vietnam.
A simple approach known as the quantity ratio method was used by the Eurostat-OECD region for
some countries and for all in the Commonwealth of Independent States (CIS) region. Basically, the
national accounts data could be used in measuring value ratios in countries. If a quality-adjusted
quantity ratio could be computed, then an indirect PPP could be derived. Although the approach
is simple and well founded, actual implementation was not easy because it was difficult to compile
reliable and meaningful quality-adjusted quantity ratios. Therefore, in the 2005 ICP the reference vol-
ume method was employed® in the Africa and Asia-Pacific regions. Other regions used price ratios or
quantity ratios or both. Basically, then, the treatment of dwelling services was less than satisfactory in
the last round of the ICP. This is an area in which major improvements are expected for the 2011 ICP.
Details of the procedure used in compiling PPPs for dwelling services are presented in chapter 12.

Data Editing and Validation

Once the price data are collected from the price surveys conducted in different countries, an
important next step is to ensure the quality of the price data. Data editing and validation were
undertaken at various steps during implementation of the 2005 ICP. At the first step, the national
ICP coordinators were expected to check the data for outliers. Then the price data were transmit-
ted to the regional office where they were checked using data submitted by all the participating
countries. The regional price data were validated through a series of workshops attended by the
national statisticians in charge of price surveys for the ICP. Outliers in the price data were identified
using the Quaranta tables developed and employed in the Eurostat-OECD regional comparisons.
In the 2005 ICR, specially developed Dikhanov tables were employed to detect outliers in the price
observations. More details on data validation, along with illustrations drawn from 2005 ICP, are
provided in chapters 9 and 10.

Aggregation of Price Data and Computation of PPPs

The price data collected through price surveys in participating countries within a region are sub-
sequently edited, validated, and prepared for use in the computation of PPPs. PPPs are computed
using a hierarchical approach (see figure 1.1). The lowest level at which PPPs are computed is at
the basic heading level.? PPPs at this level are computed without any quantity or expenditure share
weights because such information is not available at the product level.” These PPPs then form the
building blocks for the computation of PPPs at higher levels of aggregation, leading to PPPs for dif-
ferent classes, commodity groups, categories, and finally major aggregates of the GDP. Chapters 4,
5, and 6 are devoted to a detailed description of the various methods used for the computation
of PPPs at various levels. The main purpose of this section is to provide an overview of the index

number issues confronted in the context of international price and volume comparisons.

Bilateral versus Multilateral Comparisons

Bilateral comparisons are comparisons that involve two periods or two countries. By contrast,
multilateral comparisons are comparisons made between all pairs of countries belonging to a set of
countries. Typical examples of bilateral comparisons are temporal comparisons in which the prices

in period # are compared with the prices in period #— 1, or in some cases the prices in period #
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(current) with the prices in period 0 (base period). Furthermore, time periods appear in a chrono-
logical sequence that facilitates easy chaining of comparisons over time. In the ICE, comparisons
are sought between all pairs of countries within a region or between all the participating countries.
The countries are not ordered in any systematic way.

When the notion of PPPs was introduced in section 1.2, the purchasing power parity of the
currency of country j with respect to a numeraire country was denoted by PPP,. Although this
notation was adequate for expositional purposes, it is incomplete because it does not show the
numeraire country used in computing the PPP. The more general notation introduced here will
facilitate discussion of the various properties expected of PPPs in the context of the ICP. Let PPP,
represent the purchasing power parity for the currency of country £ with the currency of country
j as the numeraire. Thus

PPPysy iy = 14.67

which implies that 14.67 Indian rupees have the same purchasing power as one U.S. dollar with
respect to a specific basket of goods and services.

If bilateral comparisons between two countries, denoted by 1 and 2, are the focus, then
only the price and quantity data from these two countries are used in deriving a PPP or price
comparison between these two countries. Let p,;, p,, and ¢,,, g, (/= 1, 2, ..., N) represent,
respectively, the price and quantity of the i-th commodity in countries 1 and 2. In this case,
PPP,, is simply the price index computed using these price and quantity data. The recom-
mended formulas for this purpose are the Fisher ideal index and the Tornqvist index. These
indexes possess impressive axiomatic and economic theoretic properties. Balk (1996) provides a
detailed exposition of the axiomatic theory, and Diewert (1976, 1992) discusses the economic
theoretical approach to the construction of consumer price index numbers. The Fisher and
Torngqvist indexes are known to be exact and superlative, two concepts developed by Diewert

(1976). The Fisher index is given by

- Pizqil - pizqiz
(1.8) PPk - | ] =

N ~ |-
;Pilqil ;anz‘z

This index is the geometric average of the Laspeyres and Paasche indexes in the brackets of (1.8).
The Torngvist index is given by

N 2

(1.9) pppire - || ;’ 21 where w, =
=1 | P

295
N
;Pﬂ:i

j=1,2.

The Tornqvist index is the weighted geometric average of the price relatives computed for each of
the commodities.

Equations (1.8) and (1.9) are typical examples of bilateral price index numbers in which only
price data from countries 1 and 2 are used in computing the PPPs. By contrast, if multilateral com-
parisons between all pairs from a set of M countries are of interest, then comparisons between all
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possible pairs of countries are necessary. In the 2005 ICD, the total number of participating coun-
tries was M = 146. All these pair-wise comparisons can be represented in the form of a matrix as

prp,  PPP, PPP, PPP,,
pPP,  PPP,, PPP, PPP,,
ppp,  PPP, PPP, PPP,,|
rrp,, PPP,, PPP,, PPP,,

(1.10) PPP -

For example, these PPPs could be between pairs of countries such as (United States, Japan), (United
States, China), and (China, India). A simple approach to the computation of elements of the matrix
PPP in (1.10) is to use the Fisher or Torngvist index number formula in (1.8) and (1.9). However,
such a simplistic approach is not adequate because the elements of PPP need to be internally consis-
tent and also to satisfy a number of useful properties. These are discussed in the subsections that follow.

Transitivity

The first and the most important property in the context of international price comparisons is
transitivity. Transitivity stipulates that the PPP computed between two countries, j and 4, should
be the same whether it is computed directly or computed indirectly through a third country, £.
Stated formally, the matrix PPP in (1.10) is said to be transitive if for any three countries, 7, £, and

£, the PPPs satisfy
(1.11) PPP, = PPP, - PPP,,

For example, this requirement guarantees that for any set of three selected countries—say, India,
Germany, and South Africa—the computed and published PPPs from the ICP should satisfy

PPPGermtzny,lndiﬂ = PPPGermdny,South Africa - PPP, South Africa, India*
These numbers from table 1 in the World Bank’s 2008 report on the 2005 ICP are

PPP

Germany,India

= 1648’ PPPGermany,SauthAﬁim = 435’ and PPPSﬂut/fAﬁim, India = 379

It is useful to note here that when transitivity is satisfied by a matrix of PPPs, then a binary
comparison between two countries, j and 4, is influenced by the price and quantity data for all
other countries in the global comparisons. In the illustrative example just presented, it is clear that
the comparison between Germany and India is influenced by the data for South Africa and all
other countries. However, compensating for this factor is the internal consistency of all the PPPs
for all the countries in the ICP.

Which formula should one use in this context? It is easy to see that neither the Fisher index
nor the Tornqvist index satisfies the transitivity property, but many index number methods could
be used for this purpose. Balk (2009) reviews all these methods, and chapter 5 in this volume

canvasses the core methods currently being used in international comparisons.

Base Invariance or Country Symmetry
Because the ICP is a global comparison exercise with participating countries from all regions of the
world, it is important that all countries be treated equally in deriving the matrix of PPPs that satisfy
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transitivity. It is possible to derive transitive multilateral comparisons by picking a country to serve as
the star country through which all other countries are compared. For example, in the two sets of com-
parisons shown in figure 1.2 the United States and the United Kingdom serve as the star countries.

In Figure 1.2a, all the comparisons are made through the United States, the star country. For
example, India and China are compared in this case by comparing India first with the United States
and then the United States with China. The star country approach does not allow for a direct com-
parison between India and China. Either the Fisher index in equation (1.8) or the Tornqvist index
in equation (1.9) could be used in making comparisons between pairs of countries. It is easy to show
that the comparisons made using this approach satisfy transitivity. Similarly, one could generate
another set of transitive PPPs using the United Kingdom as the star country. Unfortunately, these
two sets would not give the same numerical answers. This means that the choice of the star country
is crucial, and that the star country is treated asymmetrically within the international comparisons.
Thus figures 1.2a and 1.2b show that mansitivity does not necessarily imply country symmetry, and
so the PPPs between any two countries should be the same regardless of the choice of base country.

A simple solution to this problem is to generate star country comparisons using each and
every country as a star country in turn in the comparisons. Therefore, when there are 146 par-
ticipating countries, as for the 2005 ICP, 146 different sets of star country comparisons could be
derived, and each of them would give a different answer. Because all countries should be treated
symmetrically, a geometric average of the 146 star country comparisons could be obtained using
a simple geometric mean. The results become base country—invariant. The resulting set of com-
parisons is exactly the same as that derived using the GEKS method, which is discussed in detail
in chapters 4 and 5 of this volume.

Characteristicity

Drechsler (1973) was the first to note that characteristicity is an important requirement for interna-
tional comparisons. When transitivity as defined in (1.11) is imposed, binary comparisons between
pairs of countries are influenced by data on prices and quantities from other participating coun-
tries. The binary comparisons are then distorted as a result of the imposition of transitivity as an
internal consistency requirement. The characteristicity property stipulates that distortions arising
out of the use of transitive methods should be kept to a minimum. The GEKS method mentioned
earlier is specially designed to maintain the characteristicity of binary comparisons. This is one of
the main reasons why the GEKS method was selected as the main aggregation method for the 2005
ICP comparisons at the regional and global levels.

FIGUREL.2A Comparisons Using United FIGURE1.28 Comparisons Using United
States as Star Country Kingdom as Star Country
India Japan India Japan

\ us / i \ Uk / -
./v T China - > T China

Malaysia Malaysia

Source: ICP.
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Additivity

Another desirable property for international comparisons is additivity. This property ensures
that the additive nature of the national accounts within a country, expressed in national cur-
rency units, is also maintained when international comparisons are made. Basically, additivity
means that the real expenditure aggregates derived by converting the aggregates in national cur-
rency units into a common currency unit using PPPs should add up to the real GDP, which is
obtained by converting GDP using PPPs derived at the aggregate level. Additivity would enable
researchers to examine the structure of the components of GDP in real terms after conversion
using PPPs. However, additivity imposes certain theoretical restrictions and thus is not always
preferred as a property to be maintained in international comparisons (see chapter 5 for more
discussion of these theoretical restrictions). In temporal comparisons, additivity is not guaranteed
when national accounts are constructed at constant prices.?! Nevertheless, several aggregation
procedures such as the Geary-Khamis (GK) and Ikl¢-Dikhanov-Balk (IDB) methods possess the
additivity property. Until the 2005 ICP round, Geary-Khamis was the main aggregation pro-
cedure used in the ICP, even though the GEKS method had been used in the Eurostat-OECD
region since 1985.

In addition to these four important properties expected of PPPs in the context of inter-
national comparisons, several other properties are discussed in the literature. For example, Balk
(1996, 2009) and Diewert (1988) discuss a range of other properties used in evaluating the relative
merits of various aggregation methods.

Aggregation of Price Data at the Basic Heading Level

Each of the 155 basic headings used in the ICP covers a list of products or items used in price sur-
veys by the participating countries in each region. A distinguishing feature of the BH level is that
only data on the prices of items in the basic heading are available. The quantities purchased at the
observed prices are not known. Hence the aggregation at this level must be essentially unweighted. A
complication to be handled at the BH level is that not all items in the basic heading are priced in all
countries. Thus PPPs have to be compiled in the presence of large gaps in the price data. The aggre-
gation methods used at the BH level are designed to make efficient use of all the available price data.

As discussed earlier, the prices collected by a given country within the basic heading are not
all equally important. For example, a number of unrepresentative items may have been priced
by countries within the region. Because unrepresentative items are likely to exhibit higher prices
compared with representative items, the aggregation methods used at this level must take adequate
account of the representativity of the products priced.*

The aggregation methods used in deriving PPPs at the BH level must satisfy transitivity and
base invariance. A range of aggregation methods including the CPD, CPRD, Country Product
Dummy-Weighted (CPDW), GEKS, and GEKS* methods, are commonly used for the computa-
tion of PPPs at the BH level. These methods are discussed in detail in chapter 4 of this volume.

PPPs ahove the Basic Heading Level

Once parities are computed for each of the 155 basic headings for all the participating countries,
they are used as inputs for the higher levels of aggregation. Let PPP; represent the PPP for the i-th
basic heading in the j-th country using one of the countries as a numeraire. Because the numeraire
is the same for all countries, it is not explicitly mentioned in this notation. Typically, expenditure
data are available for each of the basic headings. Let ¢, represent the expenditure on basic head-
ing 7 in country j expressed in the currency unit of country j. Because expenditures are expressed
in national currency units, it is not possible to sum these expenditures across different countries.
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An implicit quantity associated with a given basic heading can be derived simply by con-
verting the national currency into common currency units using the BH PPPs. For example, the
implicit quantity of the i-th basic heading (which itself is made up of a number of items and hence
can be considered a composite commodity) is measured by

e..

(1.12) Q=
7" PPP,

These Qs are in fact real expenditures obtained by converting nominal expenditures in national
currency units by PPPs and thus adjusting for price level differences across countries at the BH
level. These real expenditures are also referred to as volumes. Just as quantities of a single item can
be added across countries, the real expenditures/volumes can be added and used in comparing the
relative shares of countries for a given basic heading. These shares are given by

.- Q; _ fif/PPif

i C e ’
Z;Qij Z}"i//PPPy
J= J=

The shares are used in the ICP for comparing the relative sizes of countries with respect to a specific
basic heading 7, with7=1, 2, ..., 155 and countries j= 1, 2, ..., C.

The price and quantity data used in deriving PPPs at higher levels of aggregation are given
by the PPPs at the BH level and the implicit quantities defined in (1.12). These can be represented
by PPP,, Q,fori=1,2,...,155,andj=1,2, ..., C.

The aggregation methods used in computing PPPs at higher levels of aggregation are also
expected to satisfy the basic properties of transitivity, base invariance, characteristicity, and, if
desired, additivity. The main procedures currently used in international comparisons are the
GEKS, Geary-Khamis, and IDB methods for aggregation. These methods and their properties are
discussed in detail in chapter 5 of this volume.*

In summary, this section has provided a detailed account of the methodological framework
that underpins the collection of price data and the aggregation methods used in deriving PPPs at the
BH level and at higher levels of aggregation. These procedures are applicable when international com-
parisons of a group of countries, such as the ICP regions, are considered. These methods were used by
the Asia-Pacific, South America, Eurostat-OECD, Africa, and Western Asia regions within the 2005
ICP. The global comparisons reported in World Bank (2008) were obtained by linking the regional
comparisons using a set of Ring countries. The process of linking is the topic for the next section.

1.4 Regional and Global Comparisons

The 2005 ICP embraced a totally regionalized approach to global comparisons. The global com-
parison benefited from the participation of 146 countries from all the regions of the world. Based
on the analytical considerations that underpin the preparation of the product lists for price surveys
where representativity and comparability are important, it is indeed difficult to construct product
lists that truly represent the whole world. Recognizing this need, the ICP classified the 146 par-
ticipating countries by geographic region with the exception of the Eurostat-OECD countries,
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which included countries from several continents. The distribution of the countries by region is
presented in table 1.3.

Even though table 1.3 lists 148 participating countries, the actual number was 146, with the
Arab Republic of Egypt participating in both the Africa and Western Asia regions and the Russian
Federation participating in both the CIS and Eurostat-OECD regions. Of the 23 participating
countries in the Asia-Pacific region, three were economies: Hong Kong SAR, China; Macao SAR,
China; and Taiwan, China.*

The regional ICP comparisons were undertaken under the auspices of the regional coordinat-
ing bodies: African Development Bank, Asian Development Bank, Statistics Canada, Economic
Commission for Latin America and the Caribbean (ECLAC), Economic and Social Commission
for Western Asia (ESCWA), Interstate Statistical Committee of the Commonwealth of Indepen-
dent States (CISSTAT), Federal State Statistics Service (Rosstat) of the Russian Federation, and
Eurostat-OECD. The procedures discussed in section 1.3 were generally followed by the regions in
compiling region-specific PPPs at the BH level, as well as at the higher levels of aggregation listed
in table 1.2. Thus within each region, the relativities of countries with respect to real GDP and to
other aggregates such as consumption were determined by the results of the regional comparisons.
The Global Office of the ICP coordinated compilation of the global comparisons using a linking
methodology developed specifically for the 2005 ICP.

Linking Regional Comparisons and Fixity

The compilation of global comparisons, obtained through linking the regional comparisons, was
undertaken with strict adherence to the principle of fixizy. The fixity principle stipulates that
the relative volumes in the global comparisons between any pair of countries belonging to a
given region should be identical to the relative volumes of the two countries established in the
regional comparisons to which they belong. For example, consider Malaysia and Singapore in
the Asia-Pacific region. The real GDPs of these two countries in the regional comparison were
HK$1,703,958 million and HK$1,024,330 million, respectively.® The implied relative GDP level
is that Malaysia’s GDP is 1.663 times Singapore’s GDD. The corresponding real GDP figures from
the global comparisons® are US$299,582 and US$180,093, respectively. These figures also show
the same relative GDP level at which Malaysia’s level is once again 1.663 times that of Singapore.

TABLE1.3 Participating Countries by
Region, ICP 2005

Cwee ot
Africa : 48

v As\aPaqﬁ( ,,,,,,,,,,,,,,,,,,,, 23 ,,,,,,,,,
(|5 10 .........
v EumstatOECD ,,,,,,,,,,,,,,,,,, 46 ,,,,,,,,,
South/.\men(a 10 .........
vvestemAsm 11 ..........
Tota| 143 .........

Source: World Bank 2008.
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The principle of fixity is applied at all levels of comparisons, starting at the BH level. The
methodology for generating global comparisons respecting fixity was developed during the 2005
ICP round and can be found in Diewert (2004).”” Because of their adherence to the fixity prin-
ciple, the regions were able to publish their regional comparison results, expressed in their own
numeraire currencies, as the results became available. The global comparison results, which were
the last to be published, were consistent with the previously published regional results.

Use of Ring Countries for Linking

In contrast to some past comparisons in which regions were linked essentially through price data
collected by one or two bridge countries, the 2005 ICP followed a more robust approach. Eighteen
countries—the Ring countries—were selected to provide links between regions. The selection of
the Ring countries was based on a set of criteria designed to ensure that prices in those countries
were not distorted in any way and that a wide range of goods and services were likely to be found
and priced in those countries. A fuller description of the criteria appears in chapter 8 of this volume.

Six Ring countries were selected from Africa (reflecting the size of the continent and diverse
nature of the subregions), four from the Asia-Pacific region, and two each from the Eurostat-
OECD and Western Asia regions. The CIS region was linked using Russia as the bridge country.
Russia priced both the OECD and CIS product lists. Overall, the strategy of using a large group
of Ring countries appeared to have worked well in the 2005 ICP.

Ring Product Lists and Surveys
The product list for the Ring country surveys was developed by the Global Office. The product list

of household consumption items for those surveys was constructed after a careful examination of
the product lists used in different regions. Out of the combined product lists from all the regions,
any product that was not priced by a Ring country was discarded, and the remaining products were
considered to be potential candidates for inclusion in the Ring product list. The regional SPDs for
these products were examined in order to establish their comparability across regions. The list for
the price surveys was finalized after a series of consultations with the Ring countries.

This process was not needed for the categories of housing, government consumption, health,
construction, and machinery and equipment; global specifications were used in the regional sur-
veys and comparisons. These categories were priced by all countries, including the Ring countries.
As a result, the same data were used for both the regional and Ring comparisons for the Africa,
Asia-Pacific, South America, and Western Asia regions. Ring countries in the Eurostat-OECD
region priced the global specification for the Ring comparison.*®

Methodology for Linking Regional Comparisons

The basic process of linking regional comparisons is depicted in the flow chart in figure 1.3.
The panel on the left-hand side represents the comparisons undertaken in the six regions. These
comparisons essentially follow the procedures described in section 1.3. At the conclusion of the
regional comparisons, a set of PPPs for all the basic headings expressed relative to the regional
numeraire, and PPPs and volumes at higher levels of aggregation, are available from all the regions.
These results represent one component of the inputs into the linking process.

The panel on the right-hand side represents the process of linking through the Ring coun-
tries. Price data are collected through surveys in the 18 Ring countries based on the Ring product
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FIGUREL3 Methodology for Linking Regional Comparisons
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Note: GEKS = Gini-Eltetd-Kdves-Szulc; CPD = Country Product Dummy; CPRD = Country Product Represen-
tative Dummy.

lists prepared by the Global Office. For each BH level, prices collected by the Ring countries are
converted into their respective numeraire currencies using the BH parities from the regional com-
parisons available from the left-hand panel. Once this process is completed, 18 vectors of prices for
items in the basic heading are under consideration, and the prices are expressed in the six numeraire
currency units of the six regions. For example, in the 2005 ICP the four vectors of prices from
the Asia-Pacific Ring countries were all converted to Hong Kong dollars using the PPPs available
from the region. Similarly, the Eurostat-:OECD Ring prices were converted into British pounds.
The Ring price data in the form of 18 price vectors were then aggregated using the CPD method
(discussed in chapter 4), resulting in a single set of between-region parities for a given basic head-
ing, which provide PPPs for each of the regional numeraire currencies expressed in terms of U.S.

dollars. These are called the linking factors.
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Once the linking factors are obtained for each of the 155 basic headings, the regional basic
heading PPPs are converted into PPPs relative to the U.S. dollar using the linking factors. At the
end of this process, as shown in the top step in the middle panel of figure 1.3, a matrix of BH-level
PPPs for 146 countries and 155 basic headings are available. In addition, the expenditure data from
all 146 countries are available in national currency units from the respective national accounts.
Implicit quantity data could be computed along the lines suggested in equation (1.12).

The next step in the left-hand panel for global comparisons is to combine the BH-level
PPPs and expenditure data to derive global comparisons for selected higher-level aggregates.
If the principle of fixity were not applied, the next step would be quite simple. Any of the
aggregation methods (GEKS, Ikl¢, or GK) could be employed directly for the full data set
in one step, thereby providing an unrestricted set of global comparisons. Because of the fixity
requirement, in the 2005 ICP the linking factors were aggregated for each level to calibrate
the regional volumes to the global level. The unrestricted results were not published as a part
of the 2005 ICP.

The application of the fixizy principle in the derivation of PPPs and volumes or real expen-
ditures at a higher level of aggregation is a complicated process. Following a method proposed by
Diewert (2004), the linked global comparisons satisfying the fixity principle were derived. The
methodology used for linking above the BH level is described in chapter 6 of this volume. Because
the methods discussed there are complex, no attempt is made here to describe them.

Finally, at the end of the aggregation process a complete set of PPPs at the BH level and at
higher levels of aggregation and the associated volumes and real expenditures are compiled. These
results were presented in the final report for the 2005 ICP (World Bank 2008).

1.5 Conclusion

The 2005 ICP was a major project covering 146 countries in all regions of the world. If compar-
ing prices over time within a country and compiling the consumer price index are considered
difficult tasks, comparing price levels across countries is a Herculean one. Reflecting the complex
nature of the ICP, the framework and methodology employed by the ICP are also complex. These
procedures have evolved over the last four decades, and the methods continue to be refined. The
aim of this chapter is to provide an overview of and create an appreciation for the approaches
used in the 2005 ICP. The most innovative aspect of the 2005 ICP was the complete regionaliza-
tion of international comparisons, thereby improving the comparability and representativity of
products priced for the purpose of PPP computations. The development of a methodology for
linking comparisons to derive global comparisons satisfying fixity was a major achievement as
well. The new methodology, along with the significant step of using a large number of Ring coun-
tries to strengthen the linking process, has helped to improve the quality and reliability of global
PPPs. Armed with a working knowledge of the framework of the ICP provided by this chapter,
it is hoped that readers will be encouraged to delve into the detailed descriptions provided in the
chapters that follow.

NOTES

1. The 2005 ICP comprised five geographic regions: Africa, Asia-Pacific, Commonwealth of
Independent States (CIS), South America, and Western Asia. It was conducted in parallel
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with the Eurostat:OECD comparison for their member countries. Chapter 2 provides more
details about the coordination between the two programs. For the purposes of this chapter,
the methodology applies to the ICP regions and the Eurostac-:OECD as another region.

. 'The revised version of this chapter has benefited at various stages in its preparation from the

comments of Frederic A. Vogel, Derek Blades, Michel Mouyelo-Katoula, and Erwin Diewert.
The ICP was initially known as the International Comparisons Project, but over time it
evolved into the International Comparison Program, reflecting its transformation from a
small research project to a global statistical exercise.

See the full report on the 2005 ICP, Global Purchasing Power Parities and Real Expenditures:
2005 International Comparison Program, which was published by the World Bank (2008).

. Actual individual consumption includes individual consumption by the household, as well as

consumption by the government on behalf of the household. Government consumption in
the areas of education and health are important contributors. This concept is further elabo-
rated in chapter 3 on national accounts.

A formal definition of price level indexes and further explanations are provided in section 1.2
of this chapter.

The Gini coeflicient is a commonly used measure of inequality. It takes values of between 0 and
1: a value of 0 means perfect equality in the distribution of income, and a value of 1 represents
perfect inequality in which one individual receives all the income and the rest of the popula-
tion receives no income. For most countries, the Gini coeflicient is in the range of 0.3-0.4.
See Deaton’s introduction to this volume.

The 2005 ICP was based entirely on the SNA93, and the 2011 round of the ICP also makes
use of the SNA93, even though it was recently revised.

These concepts are covered in detail in chapter 3, which focuses on the national accounts
framework of the ICP.

More details about this approach and the interrelationships between the expenditure and
production side approaches to international comparisons appear in chapter 24 of this volume.
'The literature on international comparisons on the production side is large. Interested readers
could refer to van Ark and Maddison (1994), Maddison and van Ark (2002), Feenstra et al.
(2009), van Ark and Timmer (2009), and chapter 24 of this volume for more details.

It is quite possible that not all the items listed under this category are consumed in all countries.
In such cases, the corresponding quantities are equal to zero and prices are unobserved. These
possibilities are taken into consideration when the price data are aggregated (see chapter 4 on
aggregation at the basic heading level).

This concept is the most important one within the ICP. It is further elaborated later in this
chapter.

See Kravis, Heston, and Summers (1982) and chapter 1 of the ICP 2005 Methodological
Handbook (World Bank 2007) for more detailed discussions of the suitability (or lack of it) of
the exchange rates for the conversion of national income aggregates.

In this example, the PPP of the U.S. dollar using the Indian rupee as the numeraire currency
would be the reciprocal of 13.5, which is equal to 7.4 U.S. cents to one Indian rupee. The
relative expenditures in India and the United States would not be influenced by the choice of
either currency for conversion.

See http://www.onada.com/currency/big-mac-index for details. The figures in the text were
retrieved on February 20, 2011.

‘The most recent version, PWT 7, provides PPPs and real expenditures in current and constant
2005 prices.
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The World Bank makes its own extrapolations, which are published in World Development Indi-
cators (WDI). These differ from those published in the Penn World Table. The WDI extrapola-
tions are based on the relative GDP growth rate of each country to that of the United States.
Chapter 21 also discusses the derivation of PPPs that are conceptually more suitable for
poverty measurement than what is available from the ICP.

This figure is drawn from the summary table in the 2005 ICP final report (World Bank 2008,
23-27).

Strictly speaking, this interpretation holds if the tourist spends money on the items that make
up the whole GDP. In practice, tourist expenditure patterns differ significantly from the com-
position of the GDP. See Dwyer, Forsyth, and Rao (2009) for an example of PPPs relevant for
tourists.

In this case, it can be shown that the numeraire currency is no longer the U.S. dollar but a
basket of all the world’s currencies.

See the example of the PPP associated with the Big Mac and its prices in different countries.
A complete list of basic headings and various aggregates used in the ICP are available in
appendix C of Global Purchasing Power Parities and Real Expenditures: 2005 International
Comparison Program (World Bank 2008).

In practice, it is not always possible to compile PPPs for all the basic headings. In such cases,
reference PPPs are used. The concept and the rationale for using reference PPPs are fully dis-
cussed in chapter 17.

See Dwyer, Forsyth, and Rao (2009) for an application in which PPPs at the BH level are
combined to derive PPPs for making comparisons of price competitiveness of various destina-
tions for tourists from different origin countries.

The PPP results for groups, classes, and basic headings are available from the World Bank
upon request. Dissemination of the PPP results is guided by the dissemination policy deter-
mined by the Executive Board set up to oversee the ICP.

Recently, Feenstra etal. (2009) extended this approach by using export and import unit values
as price data in the derivation of PPPs for exports and imports. This approach has not yet been
adopted by the ICP because the procedure is data-intensive and further research is needed to
develop implementable procedures.

However, in the 2005 ICP a global product list was used in the process of linking regions
by means of a set of Ring countries. These Ring countries priced a common list of products
irrespective of their region. In the next ICP round in 2011, the linking of regional PPPs will
be facilitated by the use of a list of core products that will be priced by all the countries in all
the regions.

The possibility of subregionalization is currently being researched by the Asian Development
Bank, the regional coordinator for the Asia-Pacific region. Such regionalization may be rel-
evant to the Africa region as well.

See chapter 4 of the handbook for a discussion of these concepts (World Bank 2007).

'This need not be universally true for all nonrepresentative products. For example, an item such
as beef is not representative of meat consumption of the predominantly Hindu population
in India. However, the relative price of beef tends to be lower than the price of other meats
consumed in the country. The same is likely to hold for pork in countries such as Pakistan and
Bangladesh.

See chapter 4 of this volume for a discussion of aggregation methods that are designed to take
into account additional information on the representativity of a given price quotation from a
country in the computation of the PPP for a given basic heading.
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35. For more details, see chapter 7 of this volume on the survey framework for household
consumption.

36. See chapter 4 of the /CP 2005 Methodological Handbook (World Bank 2007) for more details
on this process.

37. Details of the methodology for productivity adjustments used in the 2005 ICP can be found
in appendix D of Global Purchasing Power Parities and Real Expenditures: 2005 International
Comparison Program (World Bank 2008).

38. Because it was not possible to use reference PPPs, a reference volume relative was used in the
place of a reference PPP. The volume relative selected was based on the individual consump-
tion expenditure by households, excluding housing rentals. This approach ensured that the
volume relatives for the household consumption expenditure aggregate remained unchanged.

39. Strictly speaking, PPPs can be computed at the item level where the PPP is simply given by the
price relative or the ratio of the price of the product in the two countries under comparison.

40. However, it is possible to attach weights to products based on the importance classification.

41. See Balk and Reich (2008) for a discussion of the problems arising out of the additivity prop-
erty in the context of national accounts at constant prices.

42. See chapter 4 for further details on how information on representativity could be used in
aggregating item-level price data leading to PPPs at the BH level.

43. The global comparisons for the 2005 ICP were all derived using the GEKS method. The Asia-
Pacific region published results based on the GK method in the appendix of its report (Asian
Development Bank 2007).

44. 'This is the main reason why the 2005 ICP final report on the Asia-Pacific region refers to
participating economies rather than countries (ADB 2007). In this chapter, all the economies
are simply referred to as countries.

45. These figures are taken from table 4 in Purchasing Power Parities and Real Expenditures: 2005
International Comparison Program in Asia and the Pacific (ADB 2007, 27). The numeraire
currency for the Asia-Pacific region was the Hong Kong dollar.

46. These figures are drawn from table 4 in Global Purchasing Power Parities and Real Expenditures:
2005 International Comparison Program (World Bank 2008, 60).

47. Chapters 4 and 6 provide further details on this methodology.

48. See table 5 in Global Purchasing Power Parities and Real Expenditures: 2005 International Com-
parison Program (World Bank 2008) for more details on the exact number of products priced
by region and for the Ring comparison.
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CHAPTER

Governance Structure of ICP 2005

PauL McCaRTHY

The 2005 round of the International Comparison Program (ICP) was the first since 1993. The
main reasons for the long gap between rounds were the problems encountered in finalizing
the 1993 data, in particular insufficient resources (both financial and staff) for the program and
the inability to properly link the regional results because the processes were not standardized across
regions. A perceived shortcoming in the process was the inadequate coordination, mainly between
regions but also within some regions, which was attributed in turn to the lack of a formal gover-
nance structure. As a result, planning for the next ICP round was delayed pending the outcome of
a wide-ranging review of the 1993 process.

At its 29th session, held in 1997, the United Nations Statistical Commission (UNSC)
agreed both on the need to conduct an evaluation of the global International Comparison Program
to address the reservations by certain member states about ICP implementation and the uses of
ICP results, and on the need to seek ways to improve the credibility of ICP data.

On the basis of that evaluation, a report was prepared and presented to the UNSC during
its 30th session, held in March 1999 (UNSC 1999). One of the recommendations was that the
program have “a global or world coordinator.” The UNSC also noted other problems identified by
the report and appointed a group, coordinated by the World Bank, to advise on steps to overcome
these shortcomings and to report back to the UNSC at its 3 1st session at the end of February 2000.
At that meeting, the UNSC considered the World Bank’s report and recommended (among several
other recommendations) that the start of the next ICP round be postponed by one year while an
adequate management structure was designed and instituted at both the global and regional levels.
It also empowered the chair of the UNSC to appoint a group of “Friends of the Chair” to review
the World Bank’s implementation plan.

The World Bank presented a detailed implementation plan to the 33rd session of the UNSC
in March 2002. The plan provided details about a proposed research and development program,
financing arrangements, country participation, and governance arrangements, including regional
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management. Under the governance arrangements proposed, the ICP secretariat (better known
as the ICP Global Office) would be based within an existing international organization, an inter-
national governing body would be responsible for the overall strategic management, an advisory
group would provide technical advice, and regional organizations would manage the ICP in coun-
tries other than those coordinated by Eurostat (the European Union’s statistical office) and the
Organisation for Economic Co-operation and Development (OECD) as part of their ongoing pur-
chasing power parity (PPP) program. The UNSC accepted the recommendations of the report and
endorsed the World Bank as the most appropriate location for the international secretariat for the
global coordination and management of the ICP. The secretariat was duly established within the
Development Data Group (DECDG) of the World Bank. As a result, the staff of the Global Office
were subject to the World Bank’s rules and procedures on working conditions, travel, managing
ICP databases, and data confidentiality.

The Friends of the Chair participated in the formulation of the final plan and the selection
of the ICP global manager. The Friends of the Chair, in conjunction with the World Bank, also
established the ICP Executive Board.

Figure 2.1 is an overview of the governance structure of the 2005 ICP, which essentially will
be replicated for the 2011 ICP. The next section provides detail about the different levels of the
governance structure and the roles and responsibilities of each.

Governance Structure of ICP 2005

A governance structure was implemented to ensure that consistent results would be produced in
each region. This outcome would be achieved by coordinating the work globally, establishing a
single set of standards, providing centralized technical and practical guidance, and ruling on issues
that had the potential to be interpreted in different ways in the regions. Several tiers of governance
were needed, ranging from worldwide coordinating groups to regional bodies. However, the basic
level of governance comprised the national coordinators in each economy to ensure that the rel-
evant agencies in their economies approached the ICP with a consistent view of what was required
and how to achieve it. An important element of the governance arrangements was to ensure that
sufficient financial resources were made available to implement them fully. In addition, each region
required sufficient finances to employ the skilled personnel needed to successfully complete the
2005 ICP round. The nature of the ICP and its global reach meant that the UNSC should be the
apex governing body. Because the membership of the UNSC includes national statistical offices
and other international organizations, it was well suited to provide the overall oversight of the
functioning of the ICP. To provide a more hands-on overview, an Executive Board was formed.
The director of the United Nations Statistics Division (UNSD) was a member of that board to
facilitate communications among the UNSC, the Executive Board, and the Global Office at the
World Bank.'

Executive Board

The Executive Board was established to provide strategic leadership and to make decisions about
the ICP’s priorities, standards, overall work program, and budget (see annex A for a list of mem-
bers). It also was given a key role in overseeing the activities of the ICP Global Office. Representa-
tion on the Executive Board was agency-based (either an international organization or a national

statistics office), with the specific requirement that representatives be very senior staff. Thus those
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FIGURE2.] ICP 2005 Governance Arrangements
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attending board meetings were eminent economists or statisticians and experienced statistical man-
agers. Many were heads of national statistical offices or of statistics departments in international
organizations, and others were managers of economic statistics divisions, with skills and experience
in national accounts or price statistics.

The Executive Board met at least twice a year; once in conjunction with the meetings of the
UNSC and once again about halfway between the annual UNSC meetings. Examples of actions
taken by the board are the following:

* Reviewed nominations for the membership of the Technical Advisory Group (TAG—
described later in this chapter) and approved the final selection.
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¢ After a review of the funding situation, directed the ICP Global Office to produce pur-
chasing power parities for all major components of the gross domestic product (GDP)
rather than for the household final consumption expenditure only.

* Approved the recommendation from the Technical Advisory Group that the ICP regions
and the Eurostat-OECD PPP Programme be linked using the Ring methodology
(described in chapters 4 and 6). Later, the board approved the selection of countries that
would participate in the Ring price collection.

 Approved the timetables for the regional and Ring data collections. The board also
approved the risk assessments and contingency plans that determined a country’s readiness
to begin data collection, along with the requirements to be included in the global report.

* Approved the data access policy established by the Global Office.

* Approved the level of detail to be published in the global report. Later, it delegated the
responsibility for the final decision on the data to be published in the global report to the
chair of the Executive Board and the global manager.

Annual reports on the status and progress of the ICP were prepared by the Global Office and
submitted to the UNSC through the Executive Board.

Global Office

The Global Office was established in 2002 within the World Bank to carry out the day-to-day
work required to implement the ICP worldwide. The global manager was responsible for its opera-
tions, supported by a team of professional statisticians and administrative staff. The Global Office
reported regularly to the Executive Board on work programs and budgets. Important activities
carried out by the Global Office and its external consultants were developing ICP standards,
preparing the framework to determine the goods and services to be priced in the ICP round, pre-
paring the /CP 2005 Methodological Handbook and the “ICP Operational Manual” (World Bank
2005, 2007), producing the software for countries to input and edit price data, analyzing the data
collected for the ICP, and aggregating the price and national accounts data within and between
regions. The Global Office was subject to the World Bank’s administrative and fiduciary rules and
regulations, including all requirements related to the confidentiality of data.

On day-to-day activities, the Global Office reported to the director of the World Bank’s Devel-
opment Data Group. The ICP was not only a global program under the auspices of the UNSC, but
also a World Bank program and initiative in which the DECDG director was accountable to the
World Bank management for the program. DECDG established the ICP database and managed
access to the ICP data. The group’s director was responsible for ensuring that data confidentiality
was maintained according to World Bank rules and procedures. On matters related to the execu-
tion and implementation of the ICP mission, policy, programs, priorities, and standards, the global
manager acted within Executive Board directives and within the framework of board-approved work
programs and budgets. Other key responsibilities of the Global Office were the following:

* Organized meetings of the Technical Advisory Group, kept it apprised of method-
ological issues requiring input, and guided the research required to develop the new
methodologies.

* Developed new methodologies, including the use of structured product definitions to
describe the price-determining characteristics of the products to be priced; methods to
price construction goods and services; and methods to link the regions. Improvements
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were also made in the procedures to compare expenditures for housing, government, and
equipment by preparing global specifications for the price data collection for these items.

* Prepared global specifications for the Ring list for which selected countries provided
prices in addition to those they provided for their regional list. The office also coordinated
the data collection for the Ring price survey and, with the regional coordinators, carried
out the data validation.

* Worked closely with the regional coordinating agencies to ensure that timetables, work
plans, and methodologies were consistently followed.

* Organized the meetings of the regional coordinating agencies at which they were apprised
of the new methodologies. At these meetings, regional coordinators presented the vali-
dation tables showing the diagnostics for the prices submitted by the countries in their
regions. This approach allowed regions to assess jointly whether they were following the
methods consistently.

* Prepared software for data validation and estimation of the PPPs and related indexes. This
software included new validation methods known as the Dikhanov tables.

¢ Provided technical assistance to the regions in the estimation of the regional PPPs.

* Computed the global PPPs and related indexes and published the final global results.

* Worked with the Executive Board to develop data access policies.

The Global Office also worked with other stakeholders within the World Bank and in out-
side organizations on the use of PPPs, on understanding the quality of the results because it affected
the decisions to be made, and on answering questions raised by the press and other data users.

Technical Advisory Group

The Technical Advisory Group (TAG) was responsible for providing advice on technical issues
related to the ICP; it resolved conceptual and methodological matters (see annex B for the 2005
membership list). TAG’s members, appointed by the Executive Board, were all internationally
known experts in the fields of prices or national accounts. To overcome the shortcomings of previ-
ous rounds, several major methodological improvements were implemented in the ICP program,
with TAG providing technical advice. The main innovations and methodological enhancements

provided by TAG included the following:

* Analyzed and reviewed the methods used to compute basic heading PPPs and average
them to the global level. Upon TAG’s recommendation, the Country Product Dummy
(CPD) method was used to compute basic heading PPPs and the traditional Gini-Eltet-
Kéves-Szulc (GEKS) method was used to aggregate those to the higher-level aggregates,
including GDP.

* With misgivings, endorsed implementation of a new methodology to estimate construc-
tion PPPs.

* Proposed a new methodology for linking the regional PPPs into a global set in a way that
maintained the consistency of the regional results.

* Recommended to the Global Office and the Executive Board those countries that should
represent their regions in the Ring price data collection.

¢ Provided the Global Office and the World Bank with guidance on what data needed to
be collected in the ICP to enhance poverty analysis. A significant recommendation was
that there be no specific price collection of a poverty basket. Instead, separate weights
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reflecting the spending patterns of the poor would be used for aggregating basic heading
PPPs to higher levels of the household final consumption expenditure, including its
total.

* Provided the Global Office with advice on other technical matters such as how to
weight PPPs for basic headings that can have negative values (e.g., net exports), how
to improve the data collection for owner-occupied housing, and how to impute
equipment PPPs.

Several important papers were authored by TAG members on the many methodological
issues faced by the ICP. These papers and minutes of the technical discussions are on the ICP

website (http://siteresources.worldbank.org/ICPEXT/Resources/ICP_2011.html) for use by other
researchers.

Regional Coordinating Organizations

Regional offices coordinated ICP activities in each of the five geographic regions—Africa, Asia-
Pacific, Commonwealth of Independent States (CIS), South America, and Western Asia—through
the African Development Bank (AfDB); Asian Development Bank (ADB); Interstate Statistical
Committee of the Commonwealth of Independent States (CISSTAT), in partnership with the
Federal State Statistics Service (Rosstat) of the Russian Federation and the Bureau of Economic
Analysis (Moscow); Statistics Canada, in cooperation with the Economic Commission for Latin
America and the Caribbean (ECLAC); and the Economic and Social Commission for Western Asia
(ESCWA). In addition, the economies included in the regular PPP program run by Eurostat and
OECD were treated as though they were in an autonomous region for the purposes of incorporat-
ing their estimates into the worldwide estimates.

Some regions also had advisory boards responsible for establishing the governance structure
of the regional program, making decisions on technical aspects relevant to the region, and monitor-
ing the work program and financial and staff resource requirements. The boards also were expected
to promote flows of information, disseminate the PPP results, and promote their use in the region.
The regional coordinating agencies set up agreements with each of their participating countries
outlining the respective roles and responsibilities of the regional coordinator and the country.
These agreements provided a formal basis for mutual cooperation.

The main functions of the five regional coordinating organizations acting under the auspices
of the Global Office were to liaise with the national agencies responsible for providing data in their
region, to develop the regional product pricing lists, to train the staff involved in collecting prices
and estimating the basic heading expenditures, to validate the data received, and to produce and
publish the regional results. The regional coordinators and the Global Office maintained close ties
to ensure the highest degree of consistency across regions.

A very important role of the regional coordinator was preparation of the regional list of
products to be priced by the countries. This task required extensive consultations with the coun-
tries so that they were able to participate in the selection of products and then understand the
nature of the product descriptions for their own data collection. The consultation process con-
tinued through the data validation stage when countries in each region were brought together to
review jointly the national prices.

The regional coordinators took part in meetings organized by the Global Office, and at
those meetings worked together to review the regional results, decide on best practices, and agree
on work plans and timetables.


http://siteresources.worldbank.org/ICPEXT/Resources/ICP_2011.html
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National Coordinating Agencies

In most economies, several different agencies provided the national accounts and price data for the
ICP. In such cases, one agency was nominated as the national coordinating office, and within that
agency a national ICP coordinator was appointed. The main role of the national coordinator was to
ensure that the economy’s ICP data (national accounts, prices, and wages) were estimated correctly,
that statistical and field staff (involved in collecting prices) were trained in the concepts underlying
the ICP and the practical implications for collecting prices, that data were edited and entered into
the ICP database, and that editing queries from the regional coordinator were handled promptly.
The national coordinators also attended the data validation workshops held in each region to check
the consistency of the data supplied by those regions.

As stated earlier, the national coordinators participated fully in specifying the list of products
to be priced. A major responsibility was to determine the framework for the price surveys. This task
included selecting outlets to ensure their cooperation in the price collection and training the price
collectors in the ICP methodology on product specifications.

Coordination with the Eurostat-OECD
PPP Programme

The World Bank, Eurostat, and OECD maintained close communications during both the plan-
ning and operational phases of the 2005 ICP. The aim was to incorporate the Eurostat--OECD
results directly into the ICP by treating the Eurostat-OECD program as a sixth “region” of the
world for ICP purposes. The techniques used by Eurostat and OECD differed in some respects
from those used in the other regions because the Eurostat-OECD program had developed certain
methods over the years that could not always be replicated in other regions. However, the close
relationships among the coordinating organizations meant that the results could be satisfactorily
integrated despite the different procedures used.

Summary

An important part of the governance structure of the 2005 ICP was the division of the
world into five geographical regions; a sixth “region” was devoted to the countries in the
Eurostat-OECD PPP Programme. Regionalizing the ICP meant adding to it an extra layer
of governance to cater to each of the regions. However, the extra complexity was more than
offset by the benefits: the products specified for pricing were more homogeneous within
regions, the expenditure patterns were generally more similar among countries in each
region, and the language differences were reduced. Also important, dividing the ICP orga-
nization among regional offices in closer proximity to the countries they were coordinating
produced some operational benefits, particularly the regular personal contact with (and
among) the countries.

The Global Office managed and coordinated the program across the regions, disseminated
details of the statistical methodology to be employed, and either provided direct financial support
or assisted with regional fund-raising activities. The Global Office’s activities were supported by
the ICP Trust Fund, which was in turn supported financially by several national and international
organizations and the World Bank. The regional coordinators met several times in Washington,
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DC, and all regional coordinating agencies were represented on the Executive Board to ensure
consistency across the regions in all aspects of the ICP.

The regionalization worked very well, although its downside was the need to link together
the regional results to obtain a set of worldwide real expenditures and price level indexes. A com-
pletely new process, the Ring country method, was developed to link together the regional results,
but problems arose in implementing the approach (see chapter 8 for details). As a result, a new
methodology has been proposed to link the regions in the 2011 ICP. It is based on all countries
collecting, in addition to prices for their region-specific products, prices for a range of products on
a worldwide product list.

Although it was not part of the original governance strategy, several partnering arrangements
established between some national statistics offices and the regional and global coordinators proved
to be very effective. The Federal State Statistics Service of the Russian Federation and Statistics
Canada were the respective coordinators of the CIS and South America regions. Using funding
made available by the Australian Agency for International Development (AusAID), the Australian
Bureau of Statistics led the development of the product specifications for consumption in the
Asia-Pacific region and also provided technical support for the overall program. The U.K. Office
for National Statistics supplied not only the Africa region with technical support but also the
Global Office in coordinating the Ring program. France’s statistical office, Institut national de la
statistique et des études économiques (INSEE), gave the Africa region technical support as well.
As a result of the success of the partnering arrangements in the 2005 round, a similar process is
being adopted for the 2011 ICP.

Overall for the 2005 ICP, the ICP Executive Board proved to be an effective policy-making
body, ensuring support from all stakeholders. The Technical Advisory Group also provided valu-
able methodological support for several complex problems. Meanwhile, the regional and national
coordinators effectively organized and executed their respective programs. However, problems
did arise on several occasions, and, as a result, questions were raised about the legal status of the
Executive Board, its authority, and whether members served in their own right or as representa-
tives of their organizations. Questions were also raised about the authority of the Global Office as
it extended to implementing the methodology in the regions.

Because the requirements for data access and sharing were not clearly defined at the start of
the 2005 ICP, some countries were reluctant to furnish data at the desired level of detail and to have
their data reviewed by the Global Office and other regions. Fairly late in the process, the Global
Office had to prepare some detailed policies dealing with access to microdata and the conditions
under which data could be shared between the regional coordinator responsible for a country, other
regions, and the Global Office. The policies also covered issues related to access to unpublished data
sets after the final global results were published. These policies provide a firm basis for the 2011
ICP and so are unlikely to be modified significantly.

Opverall, the governance arrangements worked very well, with only relatively minor
fine-tuning required over the duration of the 2005 ICP. Their effectiveness has resulted in similar
governance arrangements being put in place for the 2011 ICP round, albeit with some more fine-
tuning, including enlarging the Executive Board and the Technical Advisory Group to enable more
broadly based representation on those bodies.

Full details of the governance arrangements for the 2011 ICP round are available in a paper
presented to the Executive Board at its meeting on February 21, 2010 (World Bank 2009).!
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ICP Executive Board—ICP 2005

For the 2005 ICP, the membership of the Executive Board was based on institutions and agencies
rather than on individuals. Dennis Trewin, Australian Bureau of Statistics, was appointed chair.
Senior members of the ICP Global Office, including the global manager, were ex officio members.
The following agencies were represented on the Executive Board:

African Development Bank (AfDB)

Asian Development Bank (ADB)

Australian Bureau of Statistics (ABS)

Ecole Nationale Supérieure de Statistique et d’Economie Appliquée (ENSEA)
Economic and Social Commission for Western Asia (ESCWA)

Economic Commission for Latin America and the Caribbean (ECLAC)
Eurostat (European Commission)

Federal State Statistics Service (Rosstat), Russian Federation

International Monetary Fund (IMF)

Interstate Statistical Committee of the Commonwealth of Independent States (CISSTAT)
Ministry of Statistics and Programme Implementation, India

National Bureau of Statistics of China (NBS)

Office for National Statistics (ONS), United Kingdom

Organisation for Economic Co-operation and Development (OECD)
Statistics Canada

Uganda Bureau of Statistics (UBOS)

United Nations Statistics Division (UNSD)

World Bank
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ICP Technical Advisory Group (TAG)—ICP 2005

Unlike the Executive Board, the membership of TAG was largely based on the selection of indi-
viduals rather than on the agency to which they belonged. The exceptions were Eurostat and the
Organisation for Economic Co-operation and Development (OECD), which were represented at
all TAG meetings on an agency basis. At times, experts in a particular field were invited to attend
a meeting to discuss specific issues.

'The following were ongoing members of TAG:

Alan Heston, University of Pennsylvania, United States, Chair
Frederic A. Vogel, ICP Global Manager, World Bank, Ex officio
Angus S. Deaton, Princeton University, United States

W. Erwin Diewert, University of British Columbia, Canada
Francette Koechlin, OECD

Paulus Konijn, Eurostat, Luxembourg

Paul McCarthy, Australian Bureau of Statistics

D. S. Prasada Rao, University of Queensland, Australia

David Roberts, OECD

Sergey Sergeev, Statistics Austria

Silke Stapel, Eurostat, Luxembourg

Kimberly D. Zieschang, International Monetary Fund
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NOTE

1. The United Nations Statistical Commission oversees the work of the United Nations Statistics
Division.
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CHAPTER

National Accounts Framework for
International Comparisons:

GDP Compilation and

Breakdown Process

Paut McCarTHY

The primary purpose of the International Comparison Program (ICP) is to provide the purchas-
ing power parities (PPPs) used to convert national estimates of the gross domestic product
(GDP) into a common currency.! GDP is a measure of a country’s economic production, com-
puted without double counting by calculating the value of gross output and then deducting the
value of the goods and services used up as intermediate inputs (or intermediate consumption).
GDP can also be measured as the market value of all final goods and services produced within
a country in a year. The purpose of this chapter is to explain how the concepts underlying GDP
must be considered in collecting prices and estimating PPPs. These concepts include defining the
final expenditure components of GDP, explaining the prices used to value them, introducing the
classifications to be used for the different expenditure components, and describing the data sources
commonly used to break down the expenditures into the necessary detail.

The ICP is designed to compare levels of economic activities between countries by estimating
PPPs to convert values in national currencies into a common currency in order to provide estimates
of “volumes” or “real expenditures” of activity. The real expenditures are commonly based on data
from the national accounts, but in practice PPPs can be used to convert any values into a common
currency. One of the major uses of PPPs is for poverty analysis. Determining a country’s poverty
line expressed in both national currency units and an international poverty line of one or two
U.S. dollars per day is an important use of PPPs.

Over time, changes in the current values of GDP are a combination of changes in prices
and changes in the underlying volume of output. For many purposes, analysts are interested in
abstracting from changes in prices to enable them to better assess changes in actual levels of activity,
or volumes. Various techniques are used to estimate changes in volumes, and their common
element is that the effects of price changes are removed from the changes in the current values.
Spatial comparisons also have an equivalent of these times series volumes. It is the outcome of

dividing current values of GDP (and its major aggregates) by a PPP. The resulting values can be
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compared directly between countries, with the values expressed in terms of a common currency
and adjusted for differences in price levels between the countries.

The ICP, as a major statistical exercise, requires a great deal of cooperation and coordination
between price statisticians and national accountants. A large part of the overall work program
is directed at identifying the products to be priced and then collecting and checking the prices
required to produce PPPs. Both the selection of the products (the basis of the prices to be collected)
and the survey framework for data collection must be consistent with the underlying estimates of
expenditures making up GDP. Because of these links between PPPs and national accounts, it is
clear that the prices collected in the ICP have to be consistent with the basis on which the national
accounting values were recorded.

It is also important that national accounts estimates are consistent between countries.
The international framework for national accounts for the 2005 ICP was the System of National
Accounts 1993 (SNA93) and will be again for the 2011 ICP (Commission of the European Com-
munities et al. 1993).

In 2005 the majority of countries worldwide were compiling their national accounts
according to SNA93. However, some were still using the version from 1968 or an even earlier
one. Countries’ national accounts also tend to vary to some extent from the ideal because of
the limitations imposed by the statistical data sources available for compiling the accounts. In
particular, the extent to which countries adjust their estimates of GDP to ensure they completely
cover all economic activities tends to vary significantly. Such an adjustment is relatively more
important in developing countries than in developed countries because of activities such as
subsistence production.

So that the national accounts data were as consistent as possible, during the preparations for
the 2005 ICP country statisticians were brought together to review their estimates of GDP and the
breakdowns to the basic headings to make sure they were following the SNA requirements. Some
countries had to revise their data so they were more comparable with those of other countries.
Considerable effort also went into ensuring that the prices provided for the ICP were consistent
with the national accounts expenditures.

One of the main requirements for each country participating in the ICP is to provide
national accounts estimates of expenditure on GDD, expressed in terms of its national currency
and broken down into 155 detailed expenditure subclasses of GDP known as basic headings. This
breakdown of the national accounts aggregates into basic headings provided the values that were
converted into real expenditures at detailed levels and also were used as weights when averaging
PPPs to more aggregated levels, up to the level of GDP. Because the basic heading values were used
as weights, the PPPs of goods and services that accounted for large shares of the final expenditure
were given a larger weight in calculating the PPPs for higher-level aggregates than the PPPs of
goods and services that had relatively small shares (see chapters 5 and 6 for details on aggregation
methods).

In explaining how the concepts underlying GDP must be considered in collecting prices and
estimating PPPs, this chapter is organized as follows. The first section describes the three different
methods of measuring GDP and those expenditures that have to be imputed to ensure that GDP
completely covers all relevant economic activity. The second section explains the components of
the expenditure approach to measuring GDP and the specific ICP requirements that result in some
modifications in the breakdown of the national accounts expenditure classification into categories
such as health and education. The third section goes into detail about the breakdown of GDP
into basic headings. The section that follows then describes the basis on which product prices are
collected for the ICP to ensure they are consistent with the national accounts values. The final
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section provides a brief summary and outlines the process proposed for collecting national accounts
expenditures in the 2011 ICP. This chapter also contains an annex that lists the 155 basic headings
specified for the 2005 ICP.

Concept and Measurement of GDP

GDP measures a country’s economic output as the market value of all final goods and services
produced within an accounting period (generally a year or a quarter) by enterprises resident in
the country. The market value is expressed in terms of “purchasers’ prices.”? The value of GDP
measured at purchasers’ prices is often referred to as “GDP at current prices” or “current values
of GDP” or “nominal GDP” It includes the out-of-country production of a resident producer
and excludes in-country production by nonresident producers. For example, a resident producer
may have employees working abroad temporarily (less than one year) installing equipment in
an oil field. Such output is recorded as part of the GDP of the country in which the producing
unit resides (as an export of that producer and the country) rather than as part of the GDP of
the country in which the activity is undertaken. In practice, the bulk of a country’s output is
attributable to business units resident in the country.

Three Methods of Estimating GDP

In concept, GDP is a measure of value added (i.e., gross output less intermediate consumption?®)
from all economic activity within an economy. The three approaches to measuring GDP are as
follows, all of which should give the same result:

1. The production measure of GDP is derived as the value of gross output (minus intermediate
consumption) plus any taxes (minus subsidies*) on products not already included in the
value of output. The most direct measure of GDD, it is the sum of the value added of
every class of enterprise. Many countries use only the production method to estimate
their GDP. However, these countries are required to provide the expenditure breakdowns
for the ICP. The production approach to measuring GDP is not used to estimate PPPs
because prices would be needed for both final output and intermediate consumption,
broken down into detailed aggregates, and these would be difficult to collect. Also,
a major use of PPPs is to estimate poverty lines, which rely on PPPs for household
consumption expenditures.

2. 'The income measure of GDP is derived as the value of compensation of employees added
to gross operating surplus, gross mixed incomes,’ and taxes (minus subsidies) on both
production and imports. This approach works off the principle that the incomes of
producers and their employees are equal to the value of their products. Therefore, GDP is
the sum of all producers’ incomes and those of their employees. Income-based estimates
of GDP cannot be used by the ICP because no prices are available for gross operating
surplus, which is a major component.

3. The expenditure measure of GDP is derived as the sum of expenditures on final
consumption by households and by government added to gross fixed capital formation®
and exports (minus imports). This measure is based on the principle that all of the final
products are either purchased by someone or put into inventories. The breakdown of
GDP into aggregates and basic headings for the ICP is based on the expenditure method
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because it is easier to obtain the underlying prices for these components. The values of
final expenditures recorded in the national accounts are closely associated with the data
and prices used for the national consumer and producer price indexes for household
consumption and equipment purchases by businesses, respectively.

Conceptually, each of these methods results in the same estimate of GDP, but, in practice, data
deficiencies can lead to differences between them.

The difference between the production-based measure of GDP and each of the income- and
expenditure-based estimates of GDP may be shown explicitly as a “statistical discrepancy” for each
of those accounts. In some countries, the three approaches are balanced using supply-use tables,
which provide a framework for systematically removing any discrepancies between these three
conceptually identical estimates of GDP.

Expenditure-based estimates of GDP comprise (1) final consumption expenditure by house-
holds and by government, (2) gross fixed capital formation by businesses and government, and
(3) net exports (exports minus imports) of goods and services. Gross capital formation by busi-
nesses consists of the buildings or equipment acquired (such as a factory or industrial machinery)
and civil engineering works (such as a port acquired or built by a coal exporter) and changes in
inventories. Examples of gross capital formation by government would be the construction of
government schools or the purchase of equipment for a government hospital. Imports of goods and
services have to be deducted in calculating GDP because, although they are included in the final
expenditures, they are part of the production of the countries from which they have been imported
rather than part of domestic production (i.e., GDP). The expenditure for an import appears in the
basic heading in which the purchase takes place—for example, the expenditures for an automobile
imported and purchased by a consumer are recorded in “household final consumption expenditure

on motor car purchases.”

GDP Compared with Gross National Income

GDP measures the production by producers who reside within a country’s territory. The income
generated from such production is distributed mainly to residents of the country, but some of the
income may accrue to nonresidents (such as the interest or dividends that have to be paid abroad or
the cost of servicing foreign debt). Similarly, some residents may receive income from nonresidents
(such as interest or dividends paid to residents from abroad). For some types of analysis, these
income flows can be of interest, which leads to the concept of gross national income (GNI). GNI
measures the value of the incomes received by residents. It differs from GDP by the net amount of
the income flows between a country’s residents and the residents of other countries.

National Accounts Production Boundary

The production boundary of GDP defines the activities to be included or excluded from the
measure of economic output. In theory, all output for market is included in the production
boundary of GDT, which has implications for the data required for the ICP. Some nonmarket
production is also included in the production boundary.

Market output is output that is sold at economically significant prices or is otherwise
disposed of on the market. Prices are said to be economically significant when they have a
significant influence on the amounts that producers are willing to supply and on the amounts
purchasers wish to buy. Apart from certain service industries that have adopted special conventions,
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the value of the market output of a producer is obtained as follows for an accounting period
(year or quarter):

Market output of a producer

equals the total value of goods and services sold

plus the total value of goods and services bartered

plus the total value of goods and services used for payments in kind, including employees’
compensation in kind

plus the total value of goods and services supplied by one establishment to another belonging
to the same market enterprise to be used as intermediate inputs

plus the total value of changes in inventories of finished goods and work in progress intended
for one or other of the above uses.

The goods and services sold should be valued at the prices received for their sale—that is, at pur-
chasers’ prices, taking into account any own-account consumption that has no taxes or margins
included in the price. These same prices provide a means to impute values for goods and services
bartered, for those provided as payments in kind, and for any goods and services transferred within
the enterprise. Income in kind should be valued at purchasers’ prices if the employer has purchased
the goods and services being provided to the employees. It should be valued at producers’ prices
if the goods and services were produced by the enterprise itself. Valuing inventories for national
accounting purposes is a complicated process; SNA93 states that goods entering inventories
should be valued at the prices at which they could have been sold when first produced, and
goods withdrawn from inventories should be valued at the prices at which they could be sold at
a later time.

The production boundary requires that values be imputed for some of the expenditure
components of GDP. Some goods and services are acquired without any payment. For national
accounting purposes, values must be imputed for these types of transactions to ensure that GDP
measures the value of all the production in an economy and that countries are comparable. The
main imputations are income in kind, the rents of owner-occupiers, financial intermediation services
indirectly measured (FISIM), barter transactions, and consumption of goods produced for one’s own
final use. Values are imputed for these goods and services based on the prices of similar goods and
services sold on the market, or based on the costs of production when suitable prices are not available.

In theory, the three different measures of GDP (expenditure, income, and production) are
identical, although data deficiencies can in practice result in differences. Any imputations have to
be recorded for each of these three approaches to measuring GDP to maintain the conceptual iden-
tity between them. For example, the value of the personal use of a business vehicle by an employee
would be included as part of the “transport” component of the household final consumption
expenditure in the expenditure measure of GDP, thereby increasing both that component and
GDP itself. On the production side of the accounts, the value of the personal use of the vehicle
would be deducted from intermediate consumption and shifted into “income in kind” within
compensation of employees, thereby increasing value added for the industry concerned and thus
production-based GDP. This increase in the compensation of employees (recorded as “income in
kind” within that aggregate) would also flow through directly to the income-based measure of
GDP. The imputation and methods used are important to the ICP because they not only affect
the value of the real expenditures in the basic headings involved, but also the expenditure weights
used to aggregate basic heading PPPs. There are implications as well for the underlying prices to be
collected, which is especially important for housing and own consumption.
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Imputed Expenditures

This section describes briefly the issues underlying the imputations required.

Income in Kind

Employees sometimes receive goods and services free or at very low prices as part of their
compensation. For example, railway workers may have the right to free train travel, coal miners
may receive a regular ration of coal, and members of the armed forces may be provided with meals.
In the national accounts, goods and services provided as income in kind that is recorded as part
of employee compensation should be matched by a corresponding amount in the household final
consumption expenditure to ensure that the expenditure-based and income-based estimates of
GDP are identical. The category in which such expenditures are recorded depends on the nature
of the good or service provided—that is, free railway travel provided to railway employees would
be recorded as part of the “transport” component of the household final consumption expenditure,
and a coal ration provided to coal miners would be allocated to the “housing, water, electricity, gas,
and other fuels” component of this aggregate. For pricing purposes, the income in kind is priced at
producers’ prices if produced by the employer or at the full price paid by consumers (purchasers’
prices) if purchased by the employer for the employee.

Rents of Owner-Occupiers

Under the SNA, people who live in their own dwellings are selling dwelling services to themselves.
Therefore, expenditures on rents are estimated both for those who really do pay rents to the owners
of their dwellings and for those who own their own houses or apartments.

Expenditures on housing make up a significant part of household consumption. It is difficult
to compare housing across countries because residents of some countries live mostly in rental
units, while in other countries most persons live in housing they own. Although rental surveys
can provide the basis to estimate expenditures for rental properties, it is more difficult to estimate
comparable expenditures for those who occupy a dwelling they own.

The general rule is that the rents of owner-occupied dwellings are imputed by reference to
rents actually paid for similar dwellings. “Similarity” in the case of dwellings is usually judged by
the type of dwelling (single-family or multifamily), location (city center, suburban, or rural), and
facilities (such as floor space, running water, indoor toilet, electricity, and central heating). The
recommended approach is to complete a matrix of prices showing the average rents actually paid
for different types of dwellings. The number of owner-occupied dwellings of each type is then
distributed over the same matrix to obtain, by multiplication, the imputed rents of owner-occupiers
for each type of dwelling, which are then aggregated to a national total. Problems arise in countries
that do not have a well-developed and broadly based rental sector—for example, the rental sector
might be mainly confined to the higher-priced part of the rental market such as for expatriates
working in the country for a relatively short time. For the 2005 ICP, when countries did not
have an adequate rental market to impute housing rentals, they were advised to estimate the
expenditures based on the user cost method. The same concept will apply to the 2011 ICP with
enhancements made based on the 2005 experience.

The user cost method consists of estimating each cost that the owners of dwellings would
have to take into account in fixing a market rent if they decided to rent their dwellings to other
people. These costs are intermediate consumption, other taxes (minus subsidies) on production,
consumption of fixed capital, and real net operating surplus—that is, nominal operating surplus
minus nominal holding gain (see table 3.1 for a description of these costs).
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The nominal operating surplus is calculated as the value of the dwelling multiplied by the
nominal rate of interest. The nominal holding gain is calculated as the value of the dwelling
multiplied by the overall rate of inflation.

The main difficulties in applying the user cost method are (1) estimating the stock of
owner-occupied dwellings, which is required to calculate both consumption of fixed capital and
the net operating surplus; (2) calculating the consumption of fixed capital once the stock has been
estimated; and (3) choosing the real rate of return to be applied to the current value of the stock
of owner-occupied dwellings to calculate the net operating surplus.

Estimating the expenditure on the services provided by owner-occupied dwellings via the
user cost method requires a range of data, but at a fairly aggregated level. The data are generally
available in countries that produce estimates of capital stock as part of their national accounts. The
basic source for much of the data is a census of population and housing. Table 3.1 shows the data
items required and the ways in which they are aggregated.

In many developing countries, particularly in Africa, people build their own houses from locally
gathered materials. This so-called traditional housing is almost always occupied by its owners, and
so there are no market rentals for equivalent types of dwellings to use in imputing the values of the
services of owner-occupied dwellings. As a result, in many countries no values are imputed for these

TABLE3.] Estimating the Expenditure on Owner-Occupied Dwelling Services:
User Cost (UC) Method

Item no. Item descnptlon

nrermed ate consumption

Uco1 Expendnure on maintenance and repair of owner-occupied dwellings
W2 Gosshsuancepremiums padonowner-occuped dwelings
: U(03 ,,,,,,,,, ‘,nsmé n cedam 5 pa‘dmown e r 5 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
. U(o4 ......... Netmsuran(epremmmg @d‘ by O W ne.rg (U(oz ) B i(iuco‘j) ................................................

. Total intermediate consumption (UCOT) + (UCO4)

Source: ICP.
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services, while in others the imputations appear to be based on actual rents paid for dwellings that
may be quite unlike most of the owner-occupied dwellings. Generally, these dwellings would be of
higher quality than traditional housing, and therefore the outcome would be an overstatement of the
services provided by such dwellings. The approach preferred for the ICP is to impute a value for the
services provided by traditional housing by adopting the user cost approach. The estimates can be
amalgamated if necessary with those from the rental-equivalence approach for other types of dwellings.

Financial Intermediation Services Indirectly Measured

Financial institutions accept deposits from units (such as households) that want to receive interest
on spare funds and then lend these funds to units (such as businesses or households) that wish to
borrow funds. The money involved is not matched directly between a depositor and a borrower.
Instead, a pool of funds is provided collectively by depositors, and funds are loaned to borrowers
from this pool. Unlike most businesses that charge directly for the goods they sell or the services
they provide, financial institutions, because of the different nature of financial services, charge for
their services in a variety of ways. Examples are a flat fee to provide a particular type of account,
a certain price for each transaction on an account, or a fee for every transaction above a specified
number in a month. Various combinations of such charges may apply in different countries or even
between different financial institutions within a country. Most institutions, however, do have one
means of charging in common: they pay lower rates of interest to those who lend them money and
charge higher rates of interest to those who borrow from them. This margin between the interest
rates on loans and deposits provides financial institutions with the bulk of their funds. In national
accounts, the value of production by financial institutions is measured as the sum of their receipts
from direct charges plus their receipts from the margins between the interest rates they charge for
loans and those they pay for deposits. The indirect charges levied via the differentials in interest rate
margins are known as financial intermediation services indirectly measured, or FISIM.

FISIM is paid by everyone (households, unincorporated enterprises, corporations, and
government) who use the services of banks and other types of financial institutions. FISIM can also be
exported (i.e., paid by nonresidents to resident financial institutions) or imported (i.e., paid by resident
businesses or households to nonresident financial institutions). If FISIM is paid by corporations or
unincorporated enterprises, it is part of their intermediate consumption. But if it is paid by households
as consumers, it is included in their final consumption expenditures and so is part of expenditures on
GDP The situation is slightly more complicated, however, for government and nonprofit institutions
serving households (NPISH) because FISIM is part of their intermediate consumption. Because the
national accounting convention values the output of general government and NPISH as the sum of
their costs of production, FISIM directly affects their final consumption expenditure, and so it also
becomes part of the expenditure on GDP. Typically, the GDP level in developed countries is increased
by about 2 percent by allocating FISIM across the final expenditures, although it can be higher in
countries with large financial sectors. In developing countries, GDP is likely to be increased by about
1 percent by allocating FISIM, although it is also affected by the size of a country’s financial sector.

Barter Transactions

Barter is the exchange of goods or services for other goods or services without money changing hands. In
principle, the final consumption expenditure by households should include barter transactions, which
should be valued at the market worth (purchasers’ prices) of the goods or services exchanged. In practice,
neither taxes on products nor transportation costs may apply, in which case the purchasers’ prices will be
the same as the basic prices (“farm gate” prices) of the products involved. If the goods or services exchanged
are not of equal value, the average market value of the goods or services involved should be used.
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Output Produced for Own Final Use

Goods consumed by the households that produce them (in many countries the largest item will
be the crops and livestock produced by small farmers) should be included as part of the output
produced for own final use and as part of the household final consumption expenditure. The value
imputed for goods arising from subsistence production should be based on the prices that could
be obtained by farmers if they had sold the goods rather than consumed them—that is, based
on the farm gate prices, which are formally described in the national accounts as being expressed
in basic prices. In the ICD, it is important that the prices used to compare such production are
recorded consistently in each country. Output produced for own final use also refers to goods or
services retained for final use by the owners of the businesses in which the goods and services were
produced. Examples are those used for own gross fixed capital formation such as special machine
tools produced by engineering businesses and a wide range of construction activities, particularly in
rural areas, including the individual or communal construction activities undertaken by households
(or groups of households) to build dwellings or add extensions to dwellings. The services produced
by employing paid domestic staff also are included as output for own final use. However, the
output of domestic and personal services produced for own consumption within households is not
included. Examples of this type of output are cooking and washing clothes, which are often called
“unpaid household services.” However, the materials used in producing these outputs, such as food
and washing powder, are included in the household final consumption expenditure.

In this area, two issues arise for the ICP. The first is that the value of output produced for
own final use cannot be directly valued because it is not sold on the market. As a result, that part
relating to businesses must be estimated by applying the basic prices for similar products sold on
the market (if such prices are available) to estimates of the quantities of output produced on own
account; the sum of the costs of production would be an alternative. Any goods consumed by the
households that produce them are best valued using the basic prices (excluding taxes and margins)
of similar goods in local markets. The second issue is ensuring that the prices used in the ICP are
consistent with the valuation methods used in each country’s national accounts.

The importance of the activities discussed in this section varies significantly from one country
to the next. For example, surveys conducted by some national statistical offices may be adjusted
to take into account informal producers, whereas in other countries no corresponding adjustment
is made. Some countries do not include any illegal activities in their data, while others either
include some explicit estimates, such as for smuggling, or use a source such as income tax data,
which contains the income from illegal activities to the extent they are reported for tax purposes.
The expenditure classification of the ICP includes basic headings for narcotics and prostitution,
which can account for sizable expenditures, but are also illegal in many countries. In the 2005
ICP, countries were encouraged to account for these expenditures; however, reference PPPs were
used for these basic headings. Overall, in the 2005 ICP the Global Office encouraged countries
to ensure to the best of their abilities that their national accounts were “exhaustive”—that is, they
included the value of all productive activities within the SNA’s production boundary.

Expenditure Aggregates of GDP

National accounts estimates based on the expenditure approach and expressed in national currency
units are required for the ICP because the prices most readily observed are those related to final
expenditures. For example, the consumer price index (CPI) collects prices directly related to many
components of the household final consumption expenditure, and producer price indexes (PPIs)
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include prices for the types of equipment purchased by businesses and included in gross fixed
capital formation on machinery and equipment. However, it is important to ensure that PPIs used
for the ICP are recorded on (or adjusted to) the basis of purchasers’ prices.

The main expenditure aggregates are the following:

* Household final consumption expenditure

* Final consumption expenditure by NPISH

* Government final consumption expenditure
— Individual consumption expenditure by government
— Collective consumption expenditure by government

* Final consumption expenditures on health and education

¢ Actual final consumption

¢ Gross fixed capital formation

* Change in inventories

* Net acquisitions of valuables

* Balance of exports and imports of goods and services.

Final Consumption Expenditures

The household final consumption expenditure consists of the expenditure (including that whose
value must be estimated indirectly) incurred by resident households for individual consumption
goods and services, including those sold at prices not economically significant and consumption
goods and services acquired abroad.

NPISH consist of nonmarket nonprofit institutions that are not controlled by government.
They provide goods and services to households free or at prices that are not economically significant.
Examples are social and sports clubs, trade unions, charities, and some types of research bodies and
environmental groups.

Market goods and services are recorded in the national accounts on the basis of the values in
the accounts of the businesses concerned such as the value of sales by retailers. However, measuring
the values of nonmarket services (principally those provided by government bodies and by NPISH)
is not a straightforward exercise because the services are provided free or at prices not economically
significant, and therefore no prices underlie the output. The convention adopted in the SNA is that
the output of nonmarket services is valued at the cost of producing them. The value required for
ICP purposes is their final consumption expenditure, which is calculated as the value of the inputs
minus the value of any receipts from sales of the services provided. The input components summed
to obtain the value of “output” are compensation of employees, intermediate consumption, gross
operating surplus (equal to consumption of fixed capital because net operating surplus should be
zero), and net taxes on products.

The government final consumption expenditure consists of the expenditure (including that
whose value must be estimated indirectly) incurred by general government on both individual
consumption goods and services and collective consumption services. Such expenditures can be
incurred by the central (or national), state (or provincial), or local levels of government. In some
countries, social security funds also constitute government units.

An important distinction is made within the government final consumption expenditure between
an individual consumption good or service—that is, one acquired by a household and used by members
of that household—and a collective consumption service—that is, a service provided simultaneously to
all members of the community or to all members of a particular section of the community such as all
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households living in a particular region. Collective services are financed by general government units
out of tax revenues or other incomes. Examples are public administration and police services.
Government expenditures defined as individual fall into two categories:

1. Services produced by the government for the benefit of individual households such as
running schools and hospitals. The government organizes and finances the production
of these services for consumption by individual households.

2. Goods and services purchased by government from other producers that are then passed
on to households, either free or at prices below the costs of production, without any
further processing by government. Examples are medicines and medical services for
outpatients. In some cases, households obtain these goods and services free or at very low
prices at the point of sale, while in others households pay the full price at the point of sale
and are later reimbursed in part or in full by the government.

All expenditures within the household final consumption expenditure are considered to be indi-
vidual. Similarly, most goods and services produced by NPISH represent individual consumption,
but it is possible for NPISH to provide collective services—for example, research institutes that
make their research freely available. However, for practical purposes all expenditures by NPISH
can be considered individual, which was the procedure adopted for the 2005 ICP.

Final Consumption Expenditures on Health and Education

Health and education expenditures make up over 20 percent of the world’s expenditures on GDP
expressed in international dollars. Because health and education services are provided by both
private and government sources, the estimation of expenditures and PPPs requires steps not needed
for other consumption items. The methods used to estimate the expenditure breakdowns to the
basic headings, the prices required, and the estimation of PPPs are described in chapter 11. The
purpose of this section is to provide an overview of how health and education expenditures are to
be recorded and the prices used in the estimation of PPPs.

Health products and education services can be obtained in three different ways: (1) they
are paid for in full by the purchaser; (2) they are paid for in full by the government and provided
free to households; or (3) they are paid for in part by households and in part by the government.

Countries differ in how they provide and charge for health and education goods and services.
They may be supplied to varying degrees by the private sector or by the government. Even if they
are provided by the private sector, government subsidies can affect the prices charged. The subsidies
may be applied directly to the service charge to reduce it, such as providing a certain amount for a
patient to consult a doctor, or they may be provided at a broader level, such as an annual subsidy
to individual schools. In addition, in many countries households can purchase insurance cover for
many health goods and services. The outcome is that the extent of charging, the prices charged, and
the types of subsidies provided can vary significantly from one country to another, which makes it
difficult to directly compare prices for health and education services. For this reason, the concept of
actual final consumption is used for the ICP. To compare health and education expenditures (real
expenditures or per capita real expenditures), it is necessary to combine the respective expenditures
made by households, NPISH, and the government.

The prices required for the 2005 ICP for health and education had to reflect the full price,
no matter who was paying for the goods or services—that is, the purchasers’ prices. In the 2005
ICD, the actual price paid was required for products purchased and paid for in full by consumers.
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In many cases, it was not possible to identify a price for products paid for in full by the government
and provided free to households because the products may have been produced by the government
and not sold on the market. In such cases, the full cost of each product to the government was the
“price” required. The price required for the 2005 ICP for products paid for in part by households
and in part by the government was the total of any amounts paid for each product by the con-
sumer plus any contribution to the unit cost made by the government. However, the different
combinations of payment methods adopted by countries made it very difficult to collect consistent
prices from country to country. As a result, investigations are under way of alternative methods of
deriving real expenditures for health and education for the 2011 ICP.

Actual Final Consumption

The total value of goods and services acquired by households for final consumption includes the
individual goods and services used by but not directly purchased by the final user. The distinction
between who consumes (individuals or the community) and who pays (households, NPISH, or
government) is used in SNA93 to derive a new aggregate called “actual final consumption,” which
is an important measure for the ICP, especially for health and education. The actual individual
consumption of households is obtained by adding individual consumption expenditures by NPISH
and by government to the final consumption expenditure by households. Collective consumption is
entirely attributable to government. The ICP uses the concept of actual final consumption rather than
that of final consumption expenditure when presenting the results for consumption expenditures.

The relationships between the components of final consumption expenditure and actual
final consumption are shown in table 3.2.

When actual final consumption is used as the basis for the ICP, the comparisons of services such
as health and education provided in part by government and in part by private suppliers are consistent
across countries because the total of these services is being compared no matter who provides them.

Table 3.3 shows for selected countries the potential size of the differences that can arise
between the household final consumption expenditure and actual final consumption expenditure
when countries have very different institutional arrangements for providing individual services
such as health and education. In this comparison of the individual consumption expenditure
by households, individual consumption expenditure by government, and actual individual
consumption, it is not possible to show the first two data columns as a share of the third because
the estimation methods used in the 2005 ICP resulted in nonadditive real expenditures within
a country. However, it is legitimate to directly compare countries’ real expenditures per capita
for each expenditure category. The table reveals that the United States has a level of individual

TABLE3.2 Relationship between Final Consumption Expenditure and
Actual Final Consumption

Final consumption expenditure Actual final consumption
Households ¢ Actual individual consumption
Individual consumption expenditure by households ¢ Individual consumption expenditure by households
NP/SH S individual consumption expenditure by NPISH

Individual consumption expenditure by NPISH + individual consumption expenditure by government
Government - Actual collective consumption

Collective consumption expenditure by government ¢ Collective consumption expenditure by government

+ individual consumption expenditure by government

Source: ICP.
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TABLE3.3 Comparison of Per Capita Individual Consumption Expenditure
by Households and by Government and Actual Individual
Consumption: Selected Countries

international dollars

: Individual consumption Iﬁﬁividual consﬂlvj'mption Actual individual
Country : expenditure by households expenditure by government  : consumption®
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a. Actual individual consumption in international dollars is not the sum of the individual consumption
expenditure by households and the individual consumption expenditure by government because real expen-
ditures are not additive within a country under the method used to compute PPPs. See chapters 5 and 6 for
descriptions of these methods.

consumption expenditure by households that is more than double that of Sweden and about two-
thirds greater than that of Norway, but its individual consumption by government is well under
half that of Sweden and Norway. These per capita values reflect the more important role of the
government sector in providing health and education in Sweden and Norway. The values shown
in table 3.3 are real expenditures per capita, expressed in international dollars.

Gross Fixed Capital Formation

This category includes the total value of the gross fixed capital formation, changes in inventories, and
acquisitions (minus disposal of valuables). Gross fixed capital formation includes construction of resi-
dential and nonresidential buildings, construction of civil engineering works such as roads, and pur-
chases of machinery and equipment. Because these items are difficult to both measure and compare,
separate chapters in this volume describe the methodology used to estimate PPPs for construction
(chapter 13) and equipment (chapter 14). Gross fixed capital formation is measured by the total value
of a producer’s acquisitions (minus disposals) of fixed assets during the accounting period plus a certain
specified expenditure on services that adds to the value of nonproduced assets (fixed assets are defined as
those used in production for more than one year). Changes in inventories are measured by the value of
the entries into inventories minus the value of withdrawals and the value of any recurrent losses of goods
held in inventories during an accounting period. Valuables are produced goods of considerable worth
that are not used primarily for production or consumption but are held as stores of value over time.

Changes in Inventories, Net Acquisition of Valuables,
and Balance of Exports and Imports

Exports are goods and services produced within the domestic economy but used by other econo-
mies. Imports are goods and services supplied from outside the domestic economy. For the ICP,
the aggregate required is the net balance of exports and imports of goods and services, which, of
course, could be positive or negative.

N
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Three aggregates of GDP could have negative values: changes in inventories, net acquisition
of valuables, and balance of exports and imports. In an annual set of estimates such as those for the
2005 ICP, the one most likely to be significant is the balance of exports and imports. The major
implication of having negative values is that they complicate the process of aggregating basic
heading PPPs to obtain the PPP for GDP because the weight has a negative value.

Another potentially negative component is the net expenditures of residents abroad. The
value can be positive or negative, depending on whether the expenditures of visitors to the country
outweigh those of the country’s residents who go abroad or vice versa. It can also be zero in
countries that use data from household expenditure surveys of their residents to compile estimates
of the household final consumption expenditure. SNA93 does not include net expenditures of
residents abroad as a specific category within GDDP, but it is a required basic heading for the ICP.

In the 2005 ICD, the net expenditures of residents abroad were not reported consistently by
participating countries. Many countries reported zero expenditure for this item, indicating that either
it had been allocated across relevant components of the household final consumption expenditure
or it had not been estimated. A zero value may be recorded in a country’s accounts because the item
is considered insignificant or because the data sources, such as a household expenditure survey, used

to calculate the household final consumption expenditure did not require this balancing adjustment.

Breakdown of GDP Expenditures
into Basic Headings

This section explains the concepts that determine the classification of the components of GDP
into expenditure aggregates, and from there the breakdown into basic headings. The level at which
the most detailed national accounts data for the ICP are provided is known as the “basic heading.”
Ideally, both values and prices would be available for all major individual products so that PPPs
and real expenditures could be estimated at the product level. In practice, however, it is not possible
to obtain values in such fine detail. The compromise, then, is to determine the lowest level for
which expenditures can be supplied and to which products can be uniquely assigned. The basic
heading expenditures are also used as weights in the aggregation to higher levels of expenditures
on GDP. Therefore, the importance of the basic heading extends beyond its role as simply a means
of classifying the most detailed value component within the ICP. In fact, it is no exaggeration to
describe the basic headings as the backbone of the ICP.

The Eurostat—Organisation for Economic Co-operation and Development (OECD) PPP
Programme uses 225 basic headings. These basic headings are compatible with the 155 used in
the 2005 ICP; some of them are, however, broken down into more levels than those specified for
the ICP. The importance of the basic heading as the most detailed building block of the ICP is

embodied in its definition:

The basic heading is the lowest level of aggregation of items in the GDP breakdown
for which parities are calculated. In theory, a basic heading is defined as a group of
similar well-defined goods or services. In practice, it is defined by the lowest level
of final expenditure for which explicit expenditure weights can be estimated. Thus,
an actual basic heading can cover a broader range of products than is theoretically
desirable. Basic headings are the building blocks of a comparison. It is at the level of
the basic heading that expenditures are defined, products selected, prices collected,
prices edited, and PPPs first calculated and averaged. (World Bank 2007)
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The use of basic headings as “building blocks” for the broader national accounts aggregates is
obvious in the following structure of gross fixed capital formation for machinery and equipment.
The structure consists of two product groups: metal products and equipment, which contains five
basic headings, and transport equipment, which consists of three basic headings.

150000 EXPENDITURE ON GROSS FIXED CAPITAL FORMATION

A1ASA(‘)WOO MACHINERY AND EQUIPMENT

150W 10 o Metal products and equipment

1501 11 .WA N Fabricated metal products, except ma‘cﬁi‘n‘e‘ry adequpment
150W 12}‘ - General-purpose machinery

150W 13.WA N Secal-puposemachiney
150W 14.1V B Fectical and opticalequipment
1501 15.1A h Other manufactured goods n.e.c. (nofélééWhere dassfed)
V1V5V('H20 o Transportequipment
A1ASA(‘)W2W.WA - Motor vehicles, trailers, and semitrailér§ >>>>>>>>>
s Otherroadtanspot
A1ASA(‘H22JA N Othertansportequipment

Several aspects of the role of the basic heading as a building block affect both the values and the
prices collected for the ICP. The basic headings are the starting point for identifying the products to
be priced for the ICP, and so each one is defined in terms of a set of like products. For example, “rice”
is a basic heading, but many different types of rice can be priced in different countries. In the 2005
ICP, the number of specifications for individual types of rice varied by the region. In Asia, where rice
is an important staple food, 19 different types of rice were specified, whereas in the Eurostat-OECD
PPP Programme only eight rice specifications were used. A basic heading can also be very broad in its
coverage. For example, gross fixed capital formation on nonresidential building construction includes
the full range of structures. Examples are farm buildings such as stables and machinery sheds, indus-
trial buildings such as factories and warchouses, commercial buildings such as offices and shops, and
other nonresidential buildings such as hospitals, schools, hotels, and cinemas.

SNA Classifications

International classifications provide a coherent and consistent means of defining the structure
of the economic activities within their scope based on a set of internationally agreed concepts,
definitions, principles, and rules. Their importance is that they provide a comprehensive framework
within which data can be collected, reported, and analyzed. The most important aspect of any
classification is that the categories defined by the classification are both complete (have no gaps)
and consistent (have no overlaps). The 2005 ICP was no exception; the expenditure classification
was designed to ensure full coverage of all components of GDP,

Classification systems are required to ensure that every possible product with expenditures
going into GDP is uniquely assigned to a basic heading. For example, fresh meatis in a different basic
heading than sausage because the latter involves additional processing and storage requirements.
Although the basic heading is the lowest level at which expenditures are needed, the classification is
important so that products included in each heading are as homogeneous as possible. The starting
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point for the detailed classifications used in the 2005 ICP was those defined in SNA93. The SNA
classifications for consumption expenditures are Classification of Individual Consumption by
Purpose (COICOP) and Classification of the Functions of Government (COFOG).

COICOP is designed to provide estimates of the individual consumption expenditure based
on the purpose of the expenditure being incurred. In the 2005 ICP, the individual consump-
tion expenditure by household was divided into 110 basic headings. The starting point identified
aggregates such as food, clothing and footwear, transport, and communication. More detailed data
breakdowns were defined within each of these aggregates at the next level of the classification. For
example, food was divided into nine classes as shown in the annex to this chapter. Table 3.4 lists
the basic headings assigned to the bread and cereals and meat classes.

The individual consumption expenditure by NPISH was treated as a single basic heading.
Because many countries were not able to separate NPISH expenditures from those by households,
for publication purposes the Global Office distributed NPISH expenditures where provided back
into the individual consumption expenditure by households. The Global Office is examining the
usefulness of including NPISH as a separate basic heading before deciding how to handle this
component in the 2011 ICP round.

The Classification of the Functions of Government is designed to classify general govern-
ment transactions at all levels of government by function or purpose such as health and education.
COFOG can be applied to various types of transactions, including the final consumption expen-
diture, subsidies and current transfers, capital formation and capital transfers, and acquisition of
financial assets by general government. For the 2005 ICE, COFOG played an important role in
identifying the final expenditure categories by function for which the basic headings were defined.

The individual consumption expenditures by government were classified into 21 basic
headings, each linked to a five-digit code in COFOG. The government expenditures were first
distributed according to purpose (such as housing, health, recreation and culture, education, and
social protection) and then, in the case of health and education, by whether the expenditure was
for the purchase of health or education services from other producers or whether it was for the pro-
duction of health or education services by government itself (see chapter 11 for additional details
about the linkage between government and household expenditures for health and education).

The basic headings for government individual consumption that included the production
of health and education services consisted of the following cost components: compensation of
employees, which is the largest component of government expenditures; intermediate consumption;

TABLE3.4 Example of Basic Headings Assigned to
Bread and Cereals and Meat Aggregates

ICP group Basic heading
: Rice
¢ Other cereals, flour, and other cereal products
Bread and cereals i Bread

Other bakery products
Pasta products

. Beef and veal
i Pork
Meat i Lamb, mutton, and goat
. Poultry
- Other meat and meat preparations

Source: ICP.
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gross operating surplus (equal to consumption of fixed capital because net operating surplus should
be zero for government); net taxes on production; and receipts from sales.

Collective consumption expenditures by government were classified by cost component in
a way similar to that for individual consumption by government.

To define the basic headings, gross fixed capital formation was classified in the 2005 ICP by
type of product according to the Statistical Classification of Products by Activity (CPA). Twelve
basic headings were identified: eight for machinery and equipment, three for construction, and
one for “other products,” which included those of agriculture, forestry, fisheries and aquaculture;
computer software; expenditures on land improvement such as fencing, leveling, irrigation, and
drainage; mineral exploration; and creation of entertainment, literary, and artistic originals.

Two basic headings were used for inventories: opening value of inventories and closing
value of inventories. Similarly, acquisitions of valuables and disposals of valuables were identified
separately.

A detailed breakdown of expenditures on exports and imports of goods and services was not
required because the balance of exports and imports was classified into only two basic headings:
exports of goods and services and imports of goods and services.

In the 2005 ICD, considerable effort went into reviewing each country’s basic heading
expenditures to ensure that consistent approaches were followed. As might be expected, this exercise
was difficult for countries that lacked good statistical capabilities, but they received assistance; data
from similar countries were used to break down data to the basic heading. A basic heading is also a
form of stratification, and it is the first stage at which PPPs are computed. These first-stage PPPs are
then averaged to higher aggregates using the basic heading expenditures as weights. From a sampling
point of view, statistical variability is greatest at this level and precludes publishing data for most basic
headings. However, as the accounts are aggregated the degree of confidence in the estimates grows.

Table 3.5 presents details on the distribution of the basic headings used in the 2005 ICP for
the major expenditure aggregates of GDP.

Data Sources and Methods

An essential requirement for participating in the ICP was that a country provide details of its
expenditure on GDD, including expenditures for the 155 basic headings. The Global Office
encouraged countries to use a commodity flow approach (preferably going the extra step of pro-
ducing supply-use tables) to help in breaking down the expenditure aggregates into basic headings.
For example, import data could be used to estimate the basic heading breakdown of gross fixed
capital formation on machinery and equipment in countries that had little domestic production of
capital equipment. However, even countries that had detailed supply-use tables had to take some
special steps to estimate the details for every basic heading. For example, food balances compiled
by the UN Food and Agriculture Organization could be used as a data source to break down food
expenditures to the basic heading. In some countries, the national statisticians had to use expert
judgment to break down the data to basic headings. The regional coordinators also reviewed the
national breakdowns and advised countries to follow the allocations of similar economies in their
region if they had no other data. The exercise was most difficult in countries that did not systemati-
cally estimate all expenditure components in their annual accounts.

Other sources of information for the breakdown into basic headings were production
statistics from industrial and agricultural censuses and surveys to provide estimates of expendi-
tures on food, surveys of restaurants and hotels to obtain sales volumes, records of motor vehicle

registrations to make the distinction between freight and passenger vehicles, reports on sales to
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TABLE3.5 Number of Categories, Groups, Classes, and Basic Headings, ICP 2005

Main aggregates

09 Recreation and culture

Categories Groups Classes : Basic headings
3 83 9 110

10 Education

11 Restaurants and hotels

12 Miscellaneous goods and services

13 Net purchases abroad

Individual consumption expenditure by NPISH

Individual consumption expenditure by government

01 Housing

02 Health

03 Recreation and culture

04 Education

Change in inventories and acquisitions minus disposals of
valuables

01 Change in inventories

02 Acquisitions minus disposals of valuables
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households by utility companies and state monopolies to obtain expenditure data, and statistics on

the value added tax (VAT) or other sales taxes classified according to the goods and services taxed.

The problems most commonly encountered in estimating basic heading values were the final

consumption expenditure by NPISH and gross capital formation, especially on software, inven-

tories, valuables, and relevant parts of defense expenditures. Government accounts and annual

reports were the most important sources of data on public investment, and the two main sources
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for private capital expenditure were investment surveys of enterprises and the commodity flow
method. The latter involves estimating the total supply—domestic production plus imports, both
at basic prices—of goods used for capital formation. Margins for any wholesaling and retailing
involved separately invoiced transport charges, and net product taxes were then added to obtain
the estimated value of gross fixed capital formation at purchasers’ prices.

Price Concepts

Two key characteristics of the prices collected for the ICP are that they must be comparable between
countries and representative of the expenditures in each. It is very important that the prices underlying
the national accounts values and the prices collected for the ICP are consistent with each other—that s,
they are representative of the products underlying the corresponding value. But in practice that meant
for the 2005 ICP that the annual national average prices had to be collected to ensure consistency
with the national accounts values. In large countries, it was necessary to collect prices across a number
of regions or to adjust the prices collected in a smaller number of regions to national average prices.
For the 2005 ICB, prices were collected in most regions across the four quarters of 2005 to provide an
estimate of annual average prices that took into account prices that varied on a seasonal basis.

SNA Concepts

‘The System of National Accounts identifies three different bases for measuring prices: basic prices,
producers’ prices, and purchasers’ prices. The differences between these prices depend on how taxes
and subsidies on products, transport charges, and trade margins are recorded. Deductible taxes,
such as value added taxes and similar deductible taxes, may also affect the prices recorded. It is
important to correctly identify the pricing basis for each type of transaction because the differences
can be significant.

The values recorded for the components of expenditure on GDP are expressed in purchasers
prices because the transactions are based on the prices paid by the final users of the goods and services,
such as households for consumption goods and businesses for capital goods. It is important to ensure
consistency between the prices underlying the national accounts values and the prices collected for the
ICP. In practice, it means the pricing basis required for the ICP is purchasers’ prices (except for any
imputed expenditures valued on a basis other than purchasers” prices such as some own-account pro-
duction). The relationships between basic prices, producers’ prices, and purchasers’ prices are as follows:

Basic prices

plus taxes on products excluding invoiced VAT
less subsidies on products

equal producers’ prices

plus VAT not deductible by the purchaser

plus separately invoiced transport charges

plus wholesalers’ and retailers’ margins

equal purchasers’ prices.

Valuing Own-Account Production and Consumption

As indicated earlier in this chapter, any goods consumed by the households that produce them should
be valued at basic prices. In developing countries, the values of own-account consumption can be
a significant proportion of overall consumption of some products, particularly foodstuffs such as
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meat, milk, eggs, vegetables, potatoes, fruits, and even wine and spirits. The value of each of these
types of products purchased from shops, markets, or elsewhere is recorded in the national accounts
at purchasers’ prices, which is consistent with the prices collected for the consumer price index.
Unlike basic prices, purchasers” prices include taxes, as well as trade and transport margins, and so
they are higher than basic prices. It is important that the prices collected for the ICP are appropriately
adjusted to take into account the two different price bases underlying the valuation of such products.
The preferred method is to obtain details of the basic prices used to value each of these products
in the national accounts and weight them together with the purchasers’ prices that are obtained from
the CPI or other similar sources to obtain the prices required for the ICP. (The basic prices should be
farm gate prices, usually obtained by a special survey such as a household budget survey.) The level of
(product) detail at which the prices can be weighted together will vary from one country to another.
Ideally, the prices and weights would be available for every individual product, but realistically it is
more likely that all the data required for these calculations will not be available below the basic head-
ing level. At that level, some assumptions will be required to obtain an average unit price underlying
all the products within a basic heading. The weights should be estimated using the expenditures
recorded in the national accounts for each of the shares of own-account consumption and purchased
components of each product. Table 3.6 provides an example of the calculations required.

In the table the first set of columns shows the expenditure values, the basic price, and the implied
quantities of each good produced for own-account consumption. The next set of columns provides
the same breakdown for purchased products. Note that the prices for own-account consumption and
purchased quantities differ. The implied quantities are used to compute a weighted average.

The ratio in column (10) is divided into the purchasers’ prices for each product within the
relevant basic heading to obtain the average prices to use for that product in the ICP. For example,
if the country represented by the table collected prices for rump steak, beef for a stew or curry,
minced beef, and veal chops under the “beef and veal” heading, then each unit price would be
adjusted for the ICP by dividing it by 1.231 (see table 3.7 for an example).

Similarly, the purchaser’s price for each of the products this country priced under the
“poultry” heading would be adjusted by dividing each price by the factor calculated for poultry
products, 1.267.

Pricing Market Output

The SNA points out that different households may pay different prices for identical products
because of the costs of identifying the retail outlets selling at the lowest prices, or households
may find it be too inconvenient or costly to visit the outlets selling at the lowest prices. However,
household expenditures are recorded at the prices actually paid, even though identical goods or
services may not be valued uniformly.

Prices and Nonmarket Output

Nonmarket output should be valued using the prices of equivalent market output (if these are available).
Otherwise, it should be valued at the cost of production. The prices required for ICP purposes are those
that correspond to those underlying the values recorded in the national accounts. For example, the
government final consumption expenditure is valued at the cost of production, which largely consists
of the wages paid to the government employees involved in the production of government services.
As a result, the ICP collects details of the wages of a range of government employees to calculate the
PPPs required to estimate the real expenditures for the government final consumption expenditure.



TABLE3.6 Estimating Adjustment Factor Price for Products with Significant Amounts of Own-Account Production

national currency

: Average
underlying price

Proquct Value
(1)

Meat H

Beefanﬁ V Ty m— 9 ...............
o o 12 ..............
Lamba'r‘f(lj o 8 ...............
mutton : :

Poumy,‘,. i 6 ...............

Source: ICP.

umption Purchased products Total
‘ Implied Average ‘ Implied © Ratio to divide into purchasers’ prices
quantity Value : underlying price quantity Value Quantity Average price to obtain average prices for ICP
N=M+@  B=06)+6 = O=0)1Q) (10)=(9)/2)

2222 6,000 12 500.0 8,000 722.2 M 1.231

417 1,800 14 128.6 2,300 170.2 13.5 1.126

562.5 7,000 n 636.4 11,500 1,198.9 9.6 1.199

1,166.7 12,000 9 1,3333 19,000 2,500.0 16 1.267

$S10Y NMOHYIYG ANY NOILYTIdWOY) (5 SNOSIAYAWO?) TYNOILYNYILN| 404 XAOMIWYY{ SINNOIIY TYNOILYN
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TABLE3.7 Obtaining Adjusted Price to Use in ICP

national currency

Basic heading Pkbduct inurchagér’sprice Adjustﬁvénlfacl(v)ﬂrmVV:mlv\'djustedﬂﬁriceforﬂlvflv’v”
Beefandveal1231
....................... Rumpsteak170138
....................... Beefforastewormym%
....................... medbeefﬁ 53
.................... Vealchops1271o3

Source: ICP.

Prices for Gross Fixed Capital Formation

In many developing countries, almost all investment machinery and equipment are imported.
Because most countries have detailed import statistics through their customs systems, estimates
of gross fixed capital formation on machinery and equipment can be obtained through com-
modity flow techniques. In such cases, though, the valuation basis of the imports will not cor-
respond to that required for national accounts expenditures on GDP. The differences stem from
the transport and trade margins that will increase the landed price (the basic price) of each item
of machinery and equipment. Any taxes levied will also have to be added to the landed price
to estimate the purchaser’s price, which can then be used in the commodity flow approach to
estimate a value for each group of like items of machinery and equipment. The prices required
for the ICP are these estimated purchasers’ prices for those investment items specified in the

ICP product list.

Reference PPPs

Several PPPs are not directly estimated. Instead, these PPPs are imputed using PPPs from other
basic headings that reflect the price levels of each country. For example, the earlier discussion of
FISIM clearly demonstrated the difficulty of estimating those expenditures. Therefore, the PPP
for FISIM is imputed using the average of PPPs for household final consumption (excluding the
health and education basic headings) and other basic headings where PPPs were imputed. The
PPPs used for the imputation are known as reference PPPs. Chapter 17 provides a summary of
the reference PPPs used in the different regions and their impact on the PPPs at the GDP level.

Summary

The national accounts are an integral component of the ICP. The statistical framework used in the
2005 ICP was the 1993 System of National Accounts. Even though the 2008 SNA is now available,
the 1993 SNA will be used as the basis for compiling national accounts estimates for the 2011
ICP because most countries will still be using this version in 2012 when the national accounts
data have to be supplied.

The 2005 ICP’s main requirements for the national accounts were estimates based on
the expenditure approach to measuring GDD, divided into 155 basic headings. A similar set of
basic headings will be used in the 2011 ICP to facilitate comparisons between the two bench-
mark years.
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The national accounts also provide the basis for the prices to be collected, because it is criti-
cal that the prices be consistent with the values recorded in the national accounts so that the real
expenditures obtained by dividing national accounts values by PPPs are not distorted.

The national accounts are thus clearly an integral component of the ICP. In the 2005 ICP,
the collection of prices received the most emphasis because so much intensive work was required
to draw up the product lists in each region and to prepare the Ring list—that is, the prices needed
to link together the regions (see chapter 8 for details). As a result, the national accounts data were
collected relatively late in the process and several problems were encountered. For example, the
national accounts estimates were not always consistent with those given to the various international
organizations in the annual national accounts questionnaire; some countries’ estimates of GDP
were not exhaustive; and several countries were unable to supply values for all the basic headings.
Resolving these problems proved to be difficult because of the relatively short time available.

The ICP’s special focus on the real expenditure estimates of GDP gives countries an oppor-
tunity to improve their national accounts. The ICP also gives countries that do not have national
accounts (or whose national accounts may be lagging by several years) an incentive to produce a
set of accounts or to update them to 2011. Therefore, the national accounts will be placed at the
center of the 2011 ICP framework.

In the 2005 ICP no earlier benchmark was available to check the reliability of the detailed
national accounts data. However, in the 2011 ICP it will be possible to compare the structure of
the expenditures on GDP with those reported in the 2005 round and follow up any major incon-
sistencies. To help in this process, preliminary national accounts data for the years 2005-09 were
collected in late 2010. The goal is to identify any problems that countries are facing with their
data and resolve them before the 2011 national accounts data are collected during the second half
of 2012.

Meanwhile, a training program will be provided to help countries produce the detailed
accounts for 2011 required for the ICP. Because some countries have only production-based
estimates of GDP, they will receive assistance in identifying the potential data sources that may be
available to help them produce expenditure-based GDP.

‘The national accounts will be reviewed at an earlier stage than was possible in the 2005 ICP. The
preliminary data for the latest year available (i.e., earlier than 2011) will also be used in editing the price
data, which may indicate potential problem areas in the national accounts data themselves.

8l
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ANNEX

ICP Classification

Code Description

100000 GROSS DOMESTIC PRODUCT

110000 FINAL CONSUMPTION EXPENDITURE BY HOUSEHOLDS

HOWOO FOOD AND NONALCOHOLIC BEVERAGES

110110 Food

1101 Bread and cereals

10111 Rie

110111.2 Other cereals, flour, and other cereal products

110111.3 Bread

1101114 ¢ Other bakery products

1101115 Pasta products

110112 Meat

1101121 Beef and veal

110112.2 Pork

1101123 Lamb, mutton, and goat

110112.4 Poultry

Other meats and meat preparations

fish

Fresh, chilled, or frozen fish and seafood

110113.2 Preserved or processed fish and seafood

110114 Milk, cheese, and eggs

110114.1 Fresh milk

110114.2 Preserved milk and other milk products

1101143 (Cheese

1101144 Eqgs and egg-based products

110115 Oils and fats

110115.1 Butter and margarine

1101153 Other edible oils and fats

110116 Fruit

110116.1 Fresh or chilled fruit

110116.2 Frozen, preserved, or processed fruit and fruit-based products

110117 Vegetables

110117.1 Fresh or chilled vegetables other than potatoes

110117.2 Fresh or chilled potatoes

1101173 Frozen, preserved, or processed vegetables and vegetable-based products
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Description

: Sugar, jam, honey, chocolate, and confectionery

Sugar

1101 1'2‘3.2 Jams, marmalades, and honey
1101 1'3.3 Confectionery, chocolate, and ice cream
HOH9 Food products n.e.c.
1101191 Food products n.e.c.
HOWZO . Nonalcoholic beverages
“ 110121 * (offee, teq, and cooa
11012i 1 (offee, tea, and cocoa
1101 2>‘2 Mineral waters, soft drinks, fruit and vegetable juices
110122W Mineral waters, soft drinks, fruit and vegetable juices
HOZOO - ALCOHOLIC BEVERAGES, TOBACCO, AND NARCOTICS
“ H0210 Alcoholic beverages
e St
0T Spis
02 Wine
021 Wine
T3 Ber
T0BI Beer
10220 Tobaceo
“ 110221 © Tobaco
1102211 Tobacco
HOB»(‘) : Narcotics
“ 110231 * Narcotics
11 023% 1 Narcotics
HOSOO - CLOTHING AND FOOTWEAR
10310 Clothing
h 1 W031 1' : (lothing materials, other articles of clothing, and clothing accessories
HOSﬁ 1 (lothing materials, other articles of clothing, and clothing accessories
1103 1H2 Garments
103121 Garments
HO31>£‘1 (leaning, repair, and hire of clothing
11031;1.1 (leaning, repair, and hire of clothing
H(BZF(‘) ; Footwear
“ 110321  Shoes and other footwear
11032:?.1 Shoes and other footwear
110322 Repair and hire of footwear
11032”2J Repair and hire of footwear
110406 HOUSING, WATER, ELECTRICITY, GAS, AND OTHER FUELS
“ HO410 Actual and imputed rentals for housing

(continued)
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(o&e Description
1 1 0411 o Acrua/ adimpuedrentas forhousng
| HO41H Actual and imputed rentals for housing
110430 Maintenance and repair of the dwelling
17170431 o Maintenance and repair of the dwelling
HO43H - » »Maintenance and repair of the dwelling
110440 Water supply and miscellaneous services relating to the dwelling
71717(7)441 o Water supply
R
110442 Miscellaneous services relating to the dwelling
1104421 o »Misce\laneous services relating to the dwelling
110450 Electricity, gas, and other fuels
71717(7)451 - Electricity
sty ey
110452 Gas
M0S21 G
0453 Otherfuels
i HO453W Other fuels
110500 FURNISHINGS, HOUSEHOLD EQUIPMENT, AND ROUTINE MAINTENANCE OF THE HOUSE
ﬁCS]O o Furniture and furnishings, carpets, and other floor coverings
ﬁr(r)SH o Furniture and furnishings
| HOS1H Furniture and furnishings
110512 Carpets and other floor coverings
H05121 I vaarpets and other floor coverings
110513 Repair of furniture, furnishings, and floor coverings
| H05131 Repair of furniture, furnishings, and floor coverings
11050 Householdtextes
VﬁV(VJSZW o Household textiles
05210 Howseholdtextles
HOSSO L »Household appliances
110531 Major household appliances whether electric or not
HOSEW A Major household appliances whether electric or not
110532 Small electric household appliances
H05321 I vSvmaII electric household appliances
110533 Repair of household appliances
| H0533W Repair of household appliances
» H054O o >Giabs>s>ware, tableware, and household utensis
Vﬁ(VJSAH o Glassware, tableware, and household utensils
H054H i YG\vavSVS\vNare, wbleware, and household weensls
110550 ¢ Tools and equipment for house and garden
71&0551 o Major tools and equipment
i HOSSH Major tools and equipment
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Code Description
..... 1 W 0552 * Small tools and miscellaneous accessories
H05521 Small tools and miscellaneous accessories
H056O . Goods and services for routine household maintenance
“ H056W * Nondurable household goods
HOS@ 1 Nondurable household goods
1 056>‘2 Domestic services and household services
1105 6‘2.1 Domestic services
H056H2.2 Household services
10600 HEALTH
“ H0610 Medical products, appliances, and equipment
“ 11061 W' * Pharmaceutical products
11061j A Pharmaceutical products
110612 Other medical products
H061v‘2.1 Other medical products
1 061>‘3 - Therapeutic appliances and equipment
HO61”3.1 Therapeutic appliances and equipment
HO62F(‘) Outpatient services
“ HO62W © Medical services
110621 1 Medical services
H0622 ‘ Dental services
1 W062:2‘1 Services of dentists
110623 Paramedical services
1 WO62:3.1 Paramedical services
110630 . Hospital services
“ H063W : Hospital services
HO63W 1 Hospital services
HO7OO - TRANSPORT
110710 Purchase of vehicles
“ HO71 W' © Motor cars
H071i A Motor cars
1072 Motoryces
H071”2,1 Motorcycles
11 071H3 Bicycles
H071:3.1 Bicycles
110714 . Animal-drawn vehicles
H071v4.1 Animal-drawn vehicles

Operation of personal transport equipment

* Fuels and lubricants for personal transport equipment

Fuels and lubricants for personal transport equipment

. Maintenance and repair of personal transport equipment

(continued)
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Code

Description

110723.1

Maintenance and repair of personal transport equipment

110724

Other services in respect of personal transport equipment

110724.1

Other services in respect of personal transport equipment

110731

10730

Transport services

: Passenger transport by railway

110732

110731.1

Passenger transport by railway

Passenger transport by road

110732.1

110733

Passenger transport by road

Passenger transport by air

110733.1

Passenger transport by air

110734

Passenger transport by sea and inland waterway

1107341

Passenger transport by sea and inland waterway

110735

(ombined passenger transport

1107351

Combined passenger transport

110736

Other purchased transport services

110736,

Other purchased transport services

110800

110811

110810

. COMMUNICATION

Postal services

© Postal services

110811.1

Postal services

110820

Telephone and telefax equipment

: Telephone and telefax equipment

110821

110821.1

Telephone and telefax equipment

110830

110831.1

110831

© Telephone and telefax services

Telephone and telefax services

Telephone and telefax services

110900

0910

110911

© RECREATION AND CULTURE

Audiovisual, photographic, and information processing equipment

* Audiovisual photographic, and information processing equipment

110911.1

Audiovisual, photographic, and information processing equipment

110914

Recording media

110914.1

110915

Recording media

Repair of audiovisual, photographic, and information processing equipment

110915.1

Repair of audiovisual, photographic, and information processing equipment

110920

110921.1

10921

¢ Other major durables for recreation and culture

Major durables for outdoor and indoor recreation

Major durables for outdoor and indoor recreation

110923

Maintenance and repair of other major durables for recreation and culture

110923.1

Maintenance and repair of other major durables for recreation and culture

10030

Other recreational items and equipment, gardens, and pets
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Code Description
..... 1 W 093W * Other recreational iters and equipment
11093H Other recreational items and equipment
1 W 0933 Gardens and pets
110933W Gardens and pets
1 W 0935 Veterinary and other services for pets
HO9351 Veterinary and other services for pets
HO940 ‘ . Recreational and cultural services
“ 110941 * Recreational and sporting services
110941} Recreational and sporting services
1 W 0942 Cultural services
1109421 Cultural services
1 W 0943 Games of chance
110943W Games of chance
HO%O ‘ . Newspapers, books, and stationery
“ HO95W : Newspapers, books, and stationery
HO%% 1 Newspapers, books, and stationery
11096(‘) . Package holidays
“ HO%W : Package holidays
110961. Package holidays
- EDUCATION
Education
" Fducation
Education
- RESTAURANTS AND HOTELS
(atering services
: (atering services
m ﬁ A (atering services
HHZF(‘) . Accommodation services
“ HHN © Accommodation services
1111211 Accommodation services
11200 MISCELLANEOUS GOODS AND SERVICES
“ H1210 Personal care
- 1 W 1 21 W' : Hairdressing salons and personal grooming establishments
111211 A Hairdressing salons and personal grooming establishments
111212 - Appliances, articles, and products for personal care
“ H12121 Appliances, articles, and products for personal care
“ H1220 Prostitution
“ H122W © Prostitution
1 1 1221 1 Prostitution
“ WBO ‘ . Personal effects n.e.c.

(continued)
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Code Description

111231 : Jewelry, clocks, and watches

i Jewelry, clocks, and watches

111240 . Social protection

111241 - Social protection

1112411 Social protection

111250 ¢ Insurance

717W7125W Insurance

v WZSH : vlvnsurance
H1260 . Financial services n.e.c.

717171261 Financial intermediation services indirectly measured (FISIM)

v H126H : Fmanaal vihtvevrmediation snvices indrectly measwed (SM)

o Other financial services n.e.c.

111262
v H1262 1 VVVVVVV (v)tvhérvﬁvnandal eviesnec
I Othersemieesnec.
717171271 N Other services n.e.c.

1112711 & Other services n.e.C.

111300 ¢ BALANCE OF EXPENDITURES OF RESIDENTS ABROAD AND EXPENDITURES OF NONRESIDENTS ON THE ECONOMIC

. TERRITORY
111310 BALANCE OF EXPENDITURES OF RESIDENTS ABROAD AND EXPENDITURES OF NONRESIDENTS ON THE ECONOMIC
. TERRITORY
U311 BALANCE OF EXPENDITURES OF RESIDENTS ABROAD AND EXPENDITURES OF NONRESIDENTS ON THE ECONOMIC TERRITORY
v H131H : vFinaI consumption expenditure of resident households in the rest of the world

113112 ¢ Final consumption expenditure of nonresident households on the economic territory
120000 : INDIVIDUAL CONSUMPTION EXPENDITURE BY NPISH
120100 INDIVIDUAL CONSUMPTION EXPENDITURE BY NPISH

120110 . Individual consumption expenditure by NPISH

120117 - Individual consumption expenditure by NPISH

1201111 ¢ Individual consumption expenditure by NPISH

130000 = INDIVIDUAL CONSUMPTION EXPENDITURE BY GOVERNMENT

130100 HOUSING
130110 Housing
iéom Housing

1301111 & Housing

130200 | HEALTH

130210 © Health benefits and reimbursements

130211 . Medical products, appliances, and equipment

130211.1 Pharmaceutical products

130211.2 Other medical products

1302113 Therapeutic appliances and equipment
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Description

" Health services

QOutpatient medical services

130212.2 Outpatient dental services

13021"2.3 Outpatient paramedical services

13021"2.4 Hospital services

13022>(‘) . PRODUCTION OF HEALTH SERVICES
“ 13022W : Compensation of employees

130221 1 Compensation of employees

1 30222 Intermediate consumption

13022:2.1 Intermediate consumption

130223 Gross operating surplus

13022:3.1 Gross operating surplus

130224 Net taxes on production

1302241 Net taxes on production

1 30225 Receipts from sales

13022”5.W Receipts from sales

130306 - RECREATION AND CULTURE
“ 130310 Recreation and culture
“ 13031 1'  Recreation and culture

13031vﬁ Recreation and culture

130400 . EDUCATION
“ 130410 Education benefits and reimbursements
“ 13041 W' * Fducation benefits and reimbursements
1304111 Education benefits and reimbursements
130420 . Production of education services
“ 13042W : Compensation of employees

13042% A Compensation of employees

1 3042H2 Intermediate consumption

13042”2.1 Intermediate consumption

1 3042H3 Gross operating surplus

13042”3.W (ross operating surplus

1 3042;1 Nt taxes on production

13042;1.1 Net taxes on production

13042>‘5 Receipts from sales
130425W Receipts from sales
130500 . SOCIAL PROTECTION
“ 130510 Social protection
“ 13051 W' © Sodial protection
1305111 Social protection
140000 - COLLECTIVE CONSUMPTION EXPENDITURE BY GOVERNMENT

(continued)
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Code Description

..... 1 40W00 ‘ COLLECTIVE SERVICES
d 1401 10 Collective services
d 1401 11 : Compensation of employees
14OHH Compensation of employees
140H2 Intermediate consumption
14OHZ1 Intermediate consumption
140H3 Gross operating surplus
14011% Gross operating surplus
14OH4 Net taxes on production
140H41 Net taxes on production

140115 Receipts from sales

1401 1”5.W Receipts from sales

150000 i EXPENDITURE ON GROSS FIXED CAPITAL FORMATION
d 150W00 MACHINERY AND EQUIPMENT
d 1501 10 Metal products and equipment
d 1501 11 * Fabricated metal products, except machinery and equipment [CPA 28.11 to 28.75]
150HH Fabricated metal products, except machinery and equipment
1 SOHZ ‘ General-purpose machinery [CPA 29.11 to 29.24]
150112W General-purpose machinery
1 50H3 Special-purpose machinery [CPA 29.3110 29.72]
150“31 Spedial-purpose machinery

150114 Electrical and optical equipment [CPA 30.01 to 33.50]
150H41 Flectrical and optical equipment

150115 Other manufactured goods n.e.c. [(PA 36.11 to 36.63]

1501 15W Other manufactured goods n.e.c.

150120 . Transport equipment
d 1501 2 " Road transport equipment [(PA 34.10 to 34.30 and 35.41 to 35.50]
150W2H Motor vehicles, trailers, and semitrailers

15012&.2 QOther road transport

1501 2H2 . Other transport equipment [CPA 35.11 t0 35.30]

15012ﬂ2ﬂ QOther transport equipment

150200 . CONSTRUCTION
150210 Residential buildings
d 150211 " Residential buildings
15021H Residential buildings
150220 . Nonresidential buildings
d 150221 - Nonvesidential buildings

15022& A Nonresidential buildings

15023(‘) - Civil engineering works
d 1502% Givil engineering works
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(o&e Description
| 15023H Civil engineering works
150300 . OTHER PRODUCTS
717570310 - Other products
717570311 - Other products
15031H Other products
» 160000 o b(blHANGES IN INVENTORIES AND ACQUISITIONS LESS DISPOSALS OF VALUABLES
160100 CHANGES IN INVENTORIES
717670W 10 N Changes in inventories
| 160W 10W Opening value of inventories
i 160W 102 (losing value of inventories
“ 160200 . ACQUISITIONS LESS DISPOSALS OF VALUABLES
717670210 Acquisitions less disposals of valuables
7176702H Acquisitions less disposals of valuables
v 16021H vvvvvv A(quisitions of valuables
160211 2 Disposals of valuables
» 170000 AAAAA BALAN(EOF EXPORTSANDIMPORTS
170100 BALANCE OF EXPORTS AND IMPORTS
170110 BALANCE OF EXPORTS AND IMPORTS
170111 BALANCE OF EXPORTS AND IMPORTS
| 170W 1H Exports of goods and services
1701 H 2 Imports of goods and services
Source: ICP.

Note: Basic headings are shaded gray. NPISH = nonprofit institutions serving households; CPA = Statistical
Classification of Products by Activity; n.e.c. = not elsewhere classified.
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NOTES

1.
2.

For more on the subject of this chapter, see World Bank (2008).

Purchaser’s price is the amount paid by the purchaser, excluding any value added tax (VAT) or
similar tax deductible by the purchaser, in order to take delivery of a unit of a good or service
at the time and place required by the purchaser. The purchaser’s price of a good includes any
transport charges paid separately by the purchaser to take delivery at the required time and
place, as well as the wholesale and retail trade margins and any taxes on products (excluding
the VAT deductible by the purchaser) minus the subsidies on products.

. Intermediate consumption is the value of the goods and services consumed as inputs by a

process of production, excluding fixed assets whose consumption is recorded as consumption
of fixed capital.

Subsidies are current unrequited payments that government units, including nonresident gov-
ernment units, make to enterprises on the basis of the levels of their production activities or
the quantities or values of the goods or services that they produce, sell, or import. A subsidy
on a product is a subsidy payable per unit of a good or service.

. Operating surplus is a measure of the surplus accruing from production processes before

deducting any explicit or implicit interest charges, rent, or other property incomes payable
on the financial assets, land, or other natural resources required to carry on the production.
Business profits are a large part of the gross operating surplus. Mixed income is the term used
to describe the operating surplus of unincorporated enterprises because it implicitly contains
an element of remuneration for work done by the owner (or other members of the household
to which the unincorporated enterprise belongs) that cannot be separately identified from the
return to the owner as an entrepreneur.

Gross capital formation shows the acquisition, minus disposal, of produced assets for pur-
poses of fixed capital formation, inventories, or valuables. Gross fixed capital formation is
measured by the total value of a producer’s acquisition (minus disposal) of fixed assets during
the accounting period plus certain specified expenditures on services that adds to the value of
nonproduced assets.
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CHAPTER

Computation of Basic Heading
PPPs for Comparisons within and
between Regions

D. S. Prasaba Rao

This chapter is the first in a set of three devoted to describing the aggregation methods used
at various stages of the International Comparison Program (ICP) in compiling the purchas-
ing power parities (PPPs) of currencies of countries within regions and for comparisons between
regions." A schematic diagram showing the various stages in the computation of PPPs appears in
figure 1.3 in chapter 1. The main objectives of this chapter are to provide a detailed description of the
methods used in the computation of PPPs at the basic heading (BH) level at the regional level* and
to describe how BH-level PPPs are compiled for the purpose of making global comparisons of prices.
Chapter 5 by W. Erwin Diewert focuses on the methods for aggregating price and quantity data in
the computation of PPPs for higher-level aggregates such as consumption, investment, and, finally,
the gross domestic product (GDP) at the regional level. Chapter 6, also by Diewert, examines the
problem of linking regional comparisons above the basic heading level to make global comparisons.

The literature on aggregation methods for international comparisons has traditionally focused on
aggregation at levels above the basic heading level—see Balk (2008) and Rao (2009) for excellent reviews
of such methods—and relatively little weight is placed on the problem of constructing PPPs at the basic
heading level. In a recent paper, Hill and Hill stress the importance of PPPs at the basic heading level:

Perhaps the most pressing concern in the international comparisons literature is the
problem of obtaining unbiased price indexes at the basic heading level (the lowest level
of aggregation at which expenditure weights are available). The basic heading price
indexes provide building blocks from which the overall comparison is constructed.
If these building blocks are biased or otherwise flawed, then everything that builds on
them will be likewise tainted. (Hill and Hill 2009, 192-93)

The importance of reliable PPPs at the basic heading level was reiterated after the release of the
2005 ICP results (World Bank 2008), which showed substantial revisions to the global GDP and
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to the real incomes of major economies such as China and India. Deaton and Heston (2008)
examined possible reasons for such revisions and concluded that one of the underlying factors is
the price data used for compilation of PPPs at the basic heading level.

Reflecting concerns about improving the quality and reliability of PPPs at the basic heading
level, this chapter is designed to provide an appreciation of the core issues surrounding the compi-
lation of PPPs at the basic heading level, including a description of the characteristics of the price
data, as well as the characteristics of the products priced in different countries. The chapter seeks
to illustrate how the aggregation methods used in the ICP are designed to take full account of the
information on such characteristics. Reflecting the forward-looking nature of this ICP volume, this
chapter not only reviews the methods used in the 2005 ICP, but also describes the new approaches
and methods being considered for the 2011 ICP. A significant new approach in the 2011 ICP is
the use of a /list of core products for the purpose of linking regions. Although there is an ongoing
discussion on how to calibrate the aggregation methods to best utilize prices on core products,
a consensus has emerged on the method to be used for linking PPPs at the basic heading level.?

This chapter draws on material from a number of sources, including (1) the extensive discus-
sion of the issues surrounding aggregation at the basic heading level in the /CP 2005 Methodologi-
cal Handbook (World Bank 2007); (2) the final report of the 2005 ICP issued by the Global Office
(World Bank 2008); and (3) various published and unpublished papers and reports on the subject.

The chapter is organized as follows. Section 4.1 focuses on features and aspects specific
to comparisons at the basic heading level. It discusses in detail the nature of price data, product
characteristics, and the features of price quotations that have a direct bearing on the aggrega-
tion methods used. Section 4.2 discusses briefly the analytical requirements for the aggregation
methods used at the basic heading level. Sections 4.3 and 4.4 are devoted to a description of the
aggregation methods used in the compilation of PPPs at the regional level. The Jevons binary price
indexes and the Gini-Eltet6-Kéves-Szulc (GEKS) method of constructing transitive parities are
the subject of section 4.3. Variants of the Jevons-GEKS indexes designed to use information on
the representativity and importance of products* are also discussed in this section. Section 4.4 is
devoted to a description of the Country Product Dummy (CPD) method and its variants used in
the computation of basic heading PPPs.’ Section 4.5 focuses on the problem of linking the regional
basic heading PPPs and describes the methodology used in the 2005 ICP based on Ring countries
and a Ring product list, as well as the new approach based on the use of core products proposed for
the 2011 ICP. Section 4.6 presents some concluding remarks.

4.1 Features of Data for Computing PPPs
at the Basic Heading Level

As a starting point, it is useful to note the main features of the BH-level data and what distinguishes
the basic heading level from higher levels of aggregation. The features discussed in this section have
a direct bearing on the methodology used in aggregating data. The number of products priced
in the basic heading and the relative overlap across countries can lead to differences in results
from different methods. If all products are priced in all countries and if all products are treated
as equally important, then the two major approaches used within the ICP—the Jevons index
with GEKS and the CPD methods—will lead to identical PPPs, thereby eliminating the need
to choose between methods. In addition, it is important to understand the concept of the basic
heading and the concepts of representativity and importance before identifying an appropriate
index number method.
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Basic Headings

Within the pyramid approach to price comparisons, as illustrated in figure 1.1 in chapter 1, price
comparisons begin with the identification of products in the regional list of items for which price
data are collected through price surveys.® These products are grouped into different basic headings.
As a working definition, the basic heading is the lowest level of aggregation for which expenditure
share weight information is available. An immediate implication is that in the ICP no quantity data
are available for the products priced in the surveys.” Thus price comparisons at the basic heading
level are derived as aggregates of item-level price ratios, and the basic heading PPPs are similar to
the elementary indexes gathered as part of the compilation of the consumer price index (CPI).® An
additional consideration is that basic headings consist of groups of similar products defined within
a general product classification. Similarity of products within the basic heading is supposed to
ensure the similarity in the magnitudes of price relatives for products included in the basic head-
ing.” However, in the ICP the composition of basic headings is necessarily dictated by the detailed
classification used in the national accounts and the availability of national account expenditure
share weights for a desired grouping of products. Therefore, it is possible that basic headings used
in ICP price comparisons may not always include products that exhibit similar price movements.
For example, the clothing and footwear aggregate consists of the following five basic headings:
(1) clothing materials; (2) garments (men’s, women’s, and children’s); (3) cleaning, repair, and hire
of clothing; (4) shoes and other footwear; and (5) repair and hire of footwear. In this example, it
is clear that similar products are grouped together. However, there is considerable heterogeneity
within groups. The garments group includes men’s, women’s, and children’s clothing, and, more-
over, there would be heterogeneity within men’s garments, which include shirts, trousers, and suits,
as well as undergarments. It is difficult to determine whether all the products within the garments
group are likely to exhibit similar price relatives or price movements.

From the perspective of computing a PPP for a given basic heading, the most ideal situation
is one in which item-specific weights in the form of quantities or expenditure share weights are
available. In the absence of such information, several characteristics of the products included in
the basic heading are taken into account in computing basic heading PPPs. It is useful to review
these characteristics because they play a critical role in the choice of an appropriate formula for the
computation of basic heading PPPs.

Product Characteristics

In the 2005 ICP, a new approach based on structured product descriptions (SPDs) was introduced. The
SPDs provide a structured, systematic way in which to describe the price-determining characteristics
for products that households purchase. In that way, the prices collected in different countries refer to
the same products, ensuring comparability. The SPDs were used to prepare the product specifications
given to the price collectors. For example, in the Asia-Pacific region 20 different varieties of rice were
defined by the rice SPD for pricing purposes (ADB 2007). However, it is widely recognized that a
product comparable in its characteristics across countries may not be representative of consumption
in all countries in which the product is priced. In general, there is a trade-off between comparability
and representativity in identifying products for inclusion in the basic headings and price surveys.

Representativity
The concept of representativity was developed as part of the Eurostat—Organisation for Economic
Co-operation and Development (OECD) PPP Programme as way of accounting for the possibility
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that some of the items in the product lists may not be representative of consumption in some of the
participating countries.'® It makes intuitive sense that the prices of representative products should
have a greater influence on the PPPs for the basic heading and that the converse should be true for
unrepresentative products. The actual implementation requires a formal process for identifying
representative products.

The representativity of a product is determined on the basis of two main considerations:

1. A particular item is representative in a country for a particular basic heading if the item
has a significant market share as reflected by the expenditure share or by the volume
of sales associated with the item. This notion of representativity is consistent with the
approach one would take if quantity or expenditure data were available at the item level.
In the presence of such information, the aggregation of price ratios would be weighted
proportional to the expenditure shares. However, because expenditure share data are not
available at the item level, labeling a product as representative has to be left to the price
statistician or local experts.

2. Representative products have lower price levels than unrepresentative products, and not
accounting for such differences in aggregating price data could result in biased PPPs.** If
products could be labeled as representative or unrepresentative in each of the countries,
such information could be incorporated into the aggregation process. However, it is
difficult to decide a priori whether a particular product is representative on the basis of
whether the price relative of the product in two countries is typical of the products in the
basic heading. A possible approach could be based on the fact that a cheap product would
be purchased in large quantities and therefore would be popular.'

An important reason for distinguishing between representative and unrepresentative products is
that the relative prices of these products would be different. Products purchased in large quantities
are associated with lower prices relative to other products in the basic heading, and unrepresentative
products may have higher relative prices. On the basis of this finding, a product may be considered
unrepresentative if its relative price is high and therefore may not be representative of the relative
prices of products that are representative and included in the basic heading. This notion of a repre-
sentative commodity underpins the use of the Country Product Representative Dummy (CPRD)
model and the starred-GEKS (Gini-Eltetd-Koves-Szulc) methods used in international comparisons.
Although the conceptual basis for identifying representative products within a basic heading
is sound and appealing, in practice the national and regional ICP coordinators have no real objective
measures to use in deciding whether a particular product is representative. In particular, the notion
of whether it is representative on the basis of relative prices is a difficult concept to implement.
These issues underscored the failure of the national and regional coordinators to meaningfully
identify representative products in the 2005 ICP. In the Asia and Africa regions, much confusion
surrounded the identification of representative products, to the extent that including such infor-
mation induced biases in the estimated PPPs at the basic heading level. Thus the information
collected on the representativeness of products within basic headings was discarded at the stage of
computing PPPs for basic headings. The Eurostat-:OECD and Commonwealth of Independent
States (CIS) regions are the only ICP regions that used the information on representativeness.

Importance of Products
In view of the difficulties encountered during the 2005 ICP, it was decided that the concept of rep-
resentativeness would be replaced by an indication of whether a product is important among the
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list of products within a basic heading. Aggregation methods leading to basic heading PPPs should
explicitly account for the importance of a particular item in a particular country, with unimport-
ant products accorded a smaller weight. The notion of importance is supposed to reflect whether
cither the sales or the expenditure share is significant enough to warrant the label that the product
is important. National statisticians have a reasonable understanding of importance as reflected by
sales or shares. The notion of importance of the product is not related in any way to the relative
price of the product, and therefore it is a weak alternative to the use of actual quantity data along
with price data in the computation of PPPs at the basic heading level. It was generally agreed that
in the 2011 ICP an important product will be accorded a weight of 3, or three times the weight
attached to the remaining products, which are considered unimportant.*?

Price Data: National Average Prices

The price concept relevant for the ICP is the national annual average price of the items priced in
each of the countries. In the 2005 ICP, national annual average prices were computed as the arith-
metic averages of a large number of price quotations for each of the items in the product lists."* The
average price should ideally cover the whole country, representing the rural and urban regions, as
well as different geographic regions for larger countries. The countries supply the regional coordi-
nator of the ICP with the following data:

* National annual average price
* Number of price quotations used in computation of the average price
* Standard deviation of the price quotations used in computing the national annual average price.

The reliability of a given national annual average price can be computed as the standard error
associated with that price."

The PPPs computed at the basic heading level must make use of all the information available
associated with the price data (national annual average prices) from the countries participating in
the comparisons. In particular, it is statistically desirable to accord lower weights to prices that have
higher standard errors. Though this is a desirable approach, the standard errors of the national
annual average prices have not so far been incorporated into the PPP computations.

Basic Data for Computing Basic Heading PPPs

This section establishes the notation used throughout this chapter and describes the nature of price
data used in the compilation of PPPs at the basic heading level. For the purpose of this exposition,
without loss of generality, the focus is on a single region and a selected basic heading. Let /V represent
the number of commodities included in a given basic heading and C'represent the number of countries
included in a given region.'® Let p¢ denote the price of the i-th commodity in country ¢ (=1, 2, ...,
N;c=1,2,..., C) where the price is assumed to be strictly positive. The problem of determining the
number of items and the actual items for inclusion in the basic heading is dealt with in chapter 7 in
this volume on the survey framework for the ICP. In practice, the following three scenarios are possible:

1. All the items are priced in all countries, leading to a complete tableau or matrix of prices.!”
2. Not all items are priced in all the countries, leading to an incomplete tableau of prices.
3. Some items may be priced in only one of the countries in the region.

Table 4.1 presents two examples of incomplete tableau.
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TABLE4] Two Examples of an Incomplete Tableau for the Basic Heading Rice

national currency units

T S A
ltemsinbasicheaig = A B C D . A B . C . D
Medium gran o — L —  — = s
Shortgrain — 15 - - — 15 2
Lowquality . - = = ¢ - - =
Imported 5 —  — 25 o o— 0 —

In tableau I, price data are missing in some cells, but it would be possible to compute PPPs
for the four countries in the comparison because the data exhibit overlaps between countries. Note
that the fourth item, low-quality rice, is priced only in country A and therefore cannot be used in
the PPP computation. Thus at the basic heading level, in order to influence the PPP computations,
an item must be priced in at least two countries. Tableau II is an interesting case in which the long
grain and imported rice items are priced only in countries A and B. By contrast, the medium grain
and short grain items are priced only in countries C and D. Although it is possible to compare
prices across A and B and between C and D, it is not possible make price comparisons between
countries A and C or A and D. Similarly, B cannot be compared with either C or D. In this case,
the price tableau can be reduced to two blocks, one for countries A and B and another for countries
C and D, with nothing in common between the blocks.

Three important conclusions can be drawn from the examples in table 4.1:

1. When the price tableau is incomplete, it is important that the price data collected be
connected and price comparisons between all the countries involved be made if and only
if the price tableau is connected or irreducible. The price tableau is said to be connected if
the price data are such that it is not possible to place the countries in two groups in which
no item priced by any country in one group is priced by any other country in the second
group. In tableau II, it is possible to place countries into two groups (A and B, C and
D) in which no rice item priced in the first group is priced by any country in the second
group and vice versa. In such cases, the process of price comparisons breaks down.'®

2. If a product is priced in only one country, its price will have no influence on the PPPs
computed.

3. When a price tableau is incomplete, the quality of price comparisons depends on the
strength of interconnections and overlaps in the priced items across different countries.
If the overlaps are strong, then one can make reliable price comparisons across different
countries. A corollary of this observation is that countries within a particular region
should strive to price as many items in the basic heading as possible."” (Chapter 7 on the
survey framework for the ICP provides guidelines on the minimum numbers of items to
be priced within each basic heading.)
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4.2 Aggregation Methods for Computing PPPs at
the Basic Heading Level: Analytical Requirements

To identify the properties expected of aggregation methods for computing PPPs at the basic head-
ing level, it is useful to recall a working definition of the PPP and then apply it to the special case of
a single product. The purchasing power parity between the currencies of countries A and B may be
defined as the number of currency units of country A that have the same purchasing power as one
unit of the currency of country B, defined with respect to a designated product or set of products
such as a basic heading.

PPPs for Individual Products

Suppose p’and p* are, respectively, the prices of product 7 in countries j and 4. The PPP for country
k with respect to country j is then given by

P
(4.1) PPP, = )

Obviously, the PPP defined in (4.1) depends on the particular product selected. For a selected
commodity 7, the following transitivity property can be observed. For any three countries j, 4, and

m, it is easy to see that

k k m
(4.2) prp, =L Lo P ppp . ppp
i Popl ’

Equation (4.2) shows that the PPP between countries j and 4 is equal to the indirect PPP compari-
son derived through a third country, 7. The equation guarantees the level of internal consistency
required for international comparisons. This property is known as transitivity, and equation (4.2)
shows that when PPPs are based on the prices of a single product, transitivity is automatically
satisfied.

Transitivity for PPPs in Multilateral and
Multiproduct Comparisons

Multilateral PPPs, represented by the matrix of PPP comparisons between all pairs of countries
based on price data on more than one item (i.e., in the presence of multiple products), is said to
be transitive if for any three countries in the group, such as j, #, and m, the direct PPP for country
k with respect to country j is equal to the indirect PPP derived through the use of the third

country, 7z

_prp,,
" PPP,;

(4.3) PPP, = PPP, - PPP,,

The last part of equation (4.3) requires the assumption that PPP,, is the reciprocal of PPP,.
Because the PPPs based on a single product defined in (4.1) are automatically transitive and
because the PPPs based on price data for multiple items in a basic heading would require some

sort of averaging of item-level PPPs, it is necessary to consider only those methods that retain the
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property of transitivity, as displayed in (4.3). Unless stated otherwise, all the procedures considered
in the reminder of this section satisfy transitivity.

Base Invariance of PPPs for Multilateral Comparisons

In addition to the transitivity requirement stated in (4.3), it is important that all countries partici-
pating in the price comparisons are treated symmetrically and that no country is accorded a special
status. This condition is particularly relevant because it is possible to generate transitive PPPs using
a “star” method, in which a single country such as the United States is at the center and all countries
are compared only through the star country (see figure 1.2 in chapter 1 for an illustration). Even
though comparisons based on a selected star are transitive, the comparisons are sensitive to the
star country selected. For example, the relative comparisons and PPPs between two countries, say
jand 4, would be different when two different countries, say the United States and Germany, are
used as the star countries. Again, unless stated otherwise, all the methods discussed in the ensuing
sections produce PPPs that are base-invariant.

Traditionally, there have been two main approaches to aggregation at the basic heading level.
The first approach is based on the Jevons index, which is used in the computation of elementary price
index numbers, and the GEKS method (Gini 1924, 1931; Eltets-Kéves 1964; Szulc 1964). An alter-
native approach, developed originally by Summers (1973), makes use of a regression model known as
the Country Product Dummy as a way of filling or imputing missing price data. However, it was also
used as a method of aggregation below the basic heading level in the earlier rounds of the ICP con-
ducted by Kravis and his associates (Kravis, Heston, and Summers 1982). In recent years, the model
has received attention through the work of Rao (1990, 2004, 2005, 2009), Sergeev (2002, 2003),
Diewert (2004b, 2005, 2010b), Rao and Timmer (2003), and Hill and Timmer (2006). Although
no specific references are given, the following material draws heavily on chapter 11 in the ICP 2005
Methodological Handbook (World Bank 2007) and on Diewert (2010b). The next two sections of
this chapter describe the two major approaches to the compilation of PPPs at the basic heading level.

4.3 Jevons Index and GEKS Method for PPPs
at the Basic Heading Level

This section describes the methodology used by Eurostat since the 1980s, as well as the current
Eurostat-:OECD methodology adopted for aggregating item-level price data to compute BH-
level PPPs (see Roberts 2009 for a detailed description of the Eurostat-OECD PPP Programme).
The basic element of the Eurostat approach is the Jevons index, which is the main index number
formula used in the computation of elementary price indexes in the compilation of the consumer
price index.?® The Jevons index by itself does not yield transitive comparisons except in the special
case in which all countries price all products in the basic heading. This index is suitably trans-
formed using the GEKS approach and so is employed in the computation of basic heading PPPs.
As the Eurostat-OECD program collects reliable information on the representativity of different
items in the basic heading in different countries, the Jevons-GEKS method is further modified
to account for the additional information on representativity. A variation of the Eurostat-OECD
approach has been proposed by Sergeev (2003). Thus the following scenarios are considered here:

* All items are priced in all the countries (a complete tableau) with no weights attached
to the items reflecting representativity or importance. Under this scenario, the standard
Jevons index is used.
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¢ Scenario refers to an incomplete price tableau in which not all items are priced in all
countries, but all items are treated with equal weight. Here the Jevons-GEKS index is
used in deriving transitive comparisons.

* Scenario refers to the most general case in which the price tableau is incomplete. At the
same time, a distinction is made between representative and unrepresentative commodi-
ties. Because representative products are marked with an asterisk (*), the method used
is denoted as the Jevons-GEKS* index. A variation of this method proposed by Sergeev
(2003) is referred to as the Jevons-GEKS*(S) index.

Jevons Index: Complete Price Tableau without Weights

In the simplest case in which all Vitems are priced in all countries and are treated as equally important
in the absence of any implicit weights, the PPPs at a given basic heading level can be computed using

i=1

N pk N
(4.4) prri =[] {_]} forallj k=1,2,..., C.

i

The index in (4.4) is a simple geometric mean of all the price relatives for countries j and 4 for all
the commodities in the basic heading. This formula is referred to as the Jevons index in the index
number literature (see Diewert 2004a for more details).

It is easy to check that the Jevons index in (4.4) results in PPPs that are transitive and
base-invariant. It is also useful to note here that in this case in which all /V items are priced in all
countries, the CPD method discussed in the next section produced PPPs identical to those based
on the Jevons index.

Jevons-GEKS Index: Incomplete Tableau without Weights

Consider the case in which not all commodities are priced in all countries. Let IV, be the number
of commodities, out of V, priced in country ;. In addition, suppose that all the price data are con-
nected so that price comparisons are feasible. Note that any binary comparison between countries
j and % can be made on the basis of overlapping price data consisting of the items that are com-
monly priced. If a commodity is not priced in one of the two countries, that commodity cannot
be included in the PPP computation. Let IV, represent the set and number of commodities in the
basic heading that are commonly priced in countries j and 4. Then the PPP for a binary comparison
between j and £ is given by

1

evons ka ﬁ/k
(4.5) PPPI H[—} .

ien,| 27

The binary PPP for countries j and 4 based on the commonly priced items given in (4.5) does
not satisfy the transitivity property. The GEKS procedure is a technique that generates transitive
multilateral indexes (PPPs), which may be denoted by PPP . Details of the GEKS procedure can
be found in Balk (2009) and Rao (2009). The GEKS-based PPPs are given by

C

1 c £\ 1 -l |1
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It is easy to check that the Jevons-GEKS PPPs in (4.6) satisfy transitivity. Rao, Maddison, and Lee
(2002) provide an intuitive interpretation of the PPPs based on the GEKS method, which also estab-
lishes its base—invariant property. If the price tableau is complete, then it is possible to show that the
use of Jevons-GEKS indexes in equation (4.6) will lead to PPPs identical to those in equation (4.4).

Jevons-GEKS* Index: Incomplete Tableau with Asterisks
for Representative Items

Consider the case in which products are labeled as “representative” or “unrepresentative” in different
countries. Representative commodities are marked with an asterisk (*). In this case, the Eurostat-
OECD comparisons are based on a modified Jevons-GEKS method, which is also known as the Jevons-
GEKS* method. The modification is driven by the fact that for any given pair of countries jand # there
may be (1) a set of products that is priced in both countries and is considered representative; (2) a set
of products priced that is representative in country j but not in country 4; (3) a set of products priced
that is representative in country 4 but not in country j; or (4) a set of products priced that is not repre-
sentative in either country. This approach can also be used when “representativeness’ is replaced by the
“importance” of commodities. The following notation is used in the equations that follow:

Let NV, represent the number of products that are representative in either country j or coun-
try k and for which price data are reported in both countries j and k. N, will generally be
smaller than the total number of commodities Vin the basic heading.

Let IV}, represent the setand number of products that are representative in country jand that
are also priced in country 4. They may not all be representative in country 4.

Let N); represent the set and number of products that are representative in country £ and that
are also priced in country j. They may not all be representative in country j.*!

The PPP for a binary comparison between j and 4 based only on representative or starred com-
modities in country j, denoted by PPP/*/™), is then given by

1
k- |NE
(4.7) PP])J{:WM( - — H|:P_1 i| '

ieNy; Pt]

However, an equally meaningful PPP measure can be defined using commodities that are represen-
tative in country 4 and are also priced in j, which is denoted by PPP** and given by

1
levons(k—* pik N;
(4.8) PPP) <H=H{—} :

ieN} P/]

From a statistical or analytical perspective, the two PPP measures given in equations (4.7) and (4.8)
are equally desirable because each makes use of the representative products priced in the country
that are also priced in the other country. Therefore, an asterisk (*)-based Jevons index of PPP
between j and £ could be defined using a geometric average of the two PPPs in (4.7) and (4.8). The
“representative” or (*)-based Jevons index is denoted by PPP/;*", which is given by

1 1 1
1 b | VE ¢ |?
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The new index in (4.9) is the geometric mean of the indexes in (4.7) and (4.8).%

Because PP’ makes use of only information on countries jand 4 from the price tableau,
the resulting indexes are not transitive even when the price tableau is complete. Therefore, it is
necessary to use the GEKS procedure, which results in a transitive PPPs incorporating “represen-
tativity” information at the same time. This is the Jevons-GEKS* index. Basically, the PPPJs
are used along with the GEKS approach, leading to PPPJJ,‘;”"”"GEKS(*) forall jand 4. These are given by

1

c 1
(4.10) PP P] fww@ﬂ(ﬂ‘) — H |: PP P] fwn,«(*) . PP, ngwm(*) :| c

The PPP],iEKS’*”s given in (4.10) are transitive and base-invariant.

These were used by the Eurostat-OECD program until the recently proposed modification
of the Jevons-GEKS* method stemming from the work of Sergeev (2003). As noted earlier, this
modification is known as the Jevons-GEKS*(S) method. The Sergeev (2003) approach explicitly
recognizes and provides additional weights to those items that are representative in both countries
and also priced in both countries.

Jevons-GEKS*(S) Index: Incomplete Tableau with Asterisks
for Representative Items with Differential Weights

The Jevons-GEKS*(S) method is similar to the GEKS* method and so a similar notation may be used:

Let IV}, represent the setand number of products that are representative in country jand that
are also priced in country 4 but are not representative in 4.

Let Iy represent the set and number of products that are representative in country £ and
that are also priced in country j but are not representative in country ;.

Let NV be the number of commodities that are priced in both countries and are also repre-
sentative in both countries.

Then the PPP for a binary comparison between j and 4 based only on representative commodities
in country j that are not representative in 4 is denoted by PPP/;**") and given by

1
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However, an equally meaningful PPP measure can be defined using commodities that are repre-

sentative in country 4 and that are also priced in j but are not representative in j, which is denoted
 Jevons( j=*) i

by PPP7) and given by

L
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The Sergeev (2003) method uses a third index that is based purely on those commodities priced in
both countries and representative in both countries. The third index is given by

1

G
(4.13) pppjn ] {& } .

ieN,’ pz]
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From a statistical or analytical perspective, there is no way of choosing between the three PPP
measures given in equations (4.11), (4.12), and (4.13) because each, respectively, makes use of the
representative products priced in the country that are also priced in the other country. Therefore,
an asterisk (*)—based index of PPP between j and 4 may be defined using a weighted geometric
average of the three PPPs in (4.11), (4.12), and (4.13), in which the weights are proportional to
the number of products in different groups. In particular, the Sergeev (2003) method gives double
the weight for the index based on representative products in both countries. The resulting modified
“representative” product-based PPP, denoted by PPP", is given by

W,

(4.14) PP P] _//:m:*(S) = { PP, P] fwm(**)} “ [ PP p] fwm( j—*)] [ PP ];; _j;mﬁ(k—*)] “

where
. 2-N].:
2- N/k+ N],’Z+ N,e]

R *
NE+ N,
2N+ NR+ N,
Jk Jjk kj

w, and w,=w;=0.5-

A simple example may be useful in understanding the weighting scheme used here. Suppose that
12 items are commonly priced in countries j and k. Let items 1-7 be the products that are rep-
resentative in j but not in 4; let products 8—10 be representative in both countries; and let prod-
ucts 11 and 12 be representative in 4 but not in j. Then Nﬁ =7; Nﬂ, =3 ij = 2; and, in this
23 _6
2-3+7+2 15
transitive indexes, it is necessary to use the GEKS procedure on all bilateral comparisons of the

case, w, = = 0.4; w,=w; = 0.3. Now to complete the procedure by generating

form, leading to

C

1
(4_1 5) Pppjzyon:—GEké*(S) _ H[ PPP j/;wm*(s) . PPP {{Zm:*(s)}c_

£=1

The resulting indexes are transitive and based on the binary indexes that take into account the
representativity of the items priced in different countries.

The Eurostat-OECD method represents a viable approach that makes use of the representativ-
ity status of products priced in different countries. A few points of interest are noted here. First, in
a given binary comparison the procedures described in section 4.4 use data corresponding to those
items that are representative in one country and also priced in the other country. In this process,
information can be lost. For example, data on representative price items in country j that are not
priced in country 4 do not enter the computation. Similarly, the prices of products that are considered
unrepresentative products in both countries do not influence the binary comparison. Second, a more
important point is that the Jevons-GEKS* and Jevons-GEKS*(S) indexes do rely heavily on price
comparisons for commodities that are representative in one country but not in the other. Intuitively,
such comparisons tend to be distorted because the commodity is representative in one country but
not representative in the other. There is no guarantee that these distortions cancel each other.” In that
case, it is likely that these distortions are in fact accumulating, and that the resulting basic heading
parities may be highly distorted. This may not be a major problem when comparisons are made in a
region in which all the countries are fairly similar and there is a significant overlap of products. The
Eurostac-OECD approach addresses this issue through the use of equi-representativity, which endeav-
ors to equalize the number of representative products in each country. Third, it is difficult to general-
ize the Jevons-GEKS* index to attach different weights to the representative and unrepresentative
items in the basic heading.?* And, fourth, the Eurostat- OECD approach, which uses the Jevons index,
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requires one single price observation for each item from each country. This is not a major restriction
because it is common practice to use the national annual average price of the item as input into the
basic heading PPP computations. However, when each country provides all the price quotations, the
Eurostat-OECD approach cannot make direct use of the price quotations, and these detailed data
need to be aggregated into an average before they can be used. The regression-based approach that
underpins the Country Product Dummy method solves this problem to a certain degree.

4.4 The Country Product Dummy Method
for the Computation of Basic Heading PPPs

The Country Product Dummy method was first introduced by Summers (1973). He proposed a
simple regression-based method to fill missing price data in an incomplete tableau of prices at the basic
heading level. The method was later used in various phases of the ICP conducted by the research team
at the University of Pennsylvania. The report by Kravis, Heston, and Summers (1982) on the third
phase of the ICP is a detailed account of how the CPD method provided an aggregation method at the
basic heading level. However, the Eurostac-OECD program has continued to use the GEKS methods
and its variants over the last three decades. And yet it has shown renewed interest in the CPD method
because of the recent work of Rao (2004, 2005, 2009) and Diewert (2004b, 2005) and also because of
the recent use of the method in PPP computations for poverty (Deaton and Dupriez 2009).

This section describes the CPD method and shows how it can be used in the computation
of basic heading PPPs, especially when information is available on the representativity status of
items in different countries.

The Basic CPD Model

Following the notation used in section 4.1, let p/ represent the price of item 7 in country j (i=1, 2, ...,
N;j=1,2,..., C). Itis useful to state the CPD model in a form that is directly relevant for inter-
national comparisons. Thus the basic statistical model underlying the CPD method can be stated as

(4.16) pI=PPPPu; j=1,2,...,Gi=1,2...,N

5
where PPPis the purchasing power parity of the currency of the j-th country; 2, is the international
average price of the i-th commodity; and #,s are independently and identically distributed random
variables. In this chapter, these disturbances are assumed to be lognormally distributed, or that In
u;/s are normally distributed with a zero mean and a constant variance 0. Several features of the
CPD model are noteworthy.

First, prices used in the CPD model may be considered a single price observation for each
item in each country in which it is priced. The CPD model is general enough to accommodate the
case in which several price quotations are available for each commodity in each country—a case
considered in Diewert (2004b). When individual price quotations are used, it would be possible
to extend the CPD model to incorporate additional characteristics associated with each quotation,
including information on the type of outlet and on the rural/urban location for the transaction.

Second, in the ICP only single price observations representing the annual average prices of
items in the basic heading are used. If information is available on the standard error associated
with the average price, then this information can be incorporated into the model using different
variances for different products.
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Third, the CPD model in (4.16) is usually referred to as the law of one price, reflected by a
single average price for a commodity across all the countries and a single measure of price level for
each country represented by PPP,.

Finally, the CPD model can be best described as a hedonic regression model in which the
characteristics used are the country and the commodity specifications. The CPD model can be
written as a standard hedonic model by using logarithmic prices. Taking natural logs on both sides,
the model can be written as

(4.17) Inp, =In PPP +Inp, +Inu,

:aj+yi+v,j

where v, are random disturbance terms that are independently and identically (normally) distributed
with a zero mean and variance 02.% The CPD model can be seen as a simple fixed-effects model
in which country effects provide estimates of purchasing power parities and commodity-specific
effects provide estimates of international prices.

The parameter « is interpreted as the general price level in country j relative to prices in
other countries included in the comparison. It is possible to express o relative to a reference
country (say country 1). Then e represents the purchasing power parity of country /, showing the
number of country j currency units that have the same purchasing power as one unit of currency
of country 1 or the reference country.

Then the PPP for country j is given by

(4.18) PPP; = exp (&)).

Because the estimated PPP depends on the estimated parameter values, it is possible to derive the
standard errors associated with PPP;, which is not possible when the Jevons method discussed in
section 4.3 is used.

The CPD Regression Model

The simple model in (4.17) is called the Country Product Dummy method because it can be
expressed as a regression equation in which all the explanatory/regressor variables are essentially
dummy variables (one for each country and one for each commodity). The basic model In

Pj=Q;+Y,+V,can be written as
(4.19) i = lnPij:O‘1D1 +0,D) +-- e+ OLCDC""T]ID: +n2D;+"'+T]ND;v+ Vi

where D, (j=1,2,..., C)and D; (i = 1, 2, ..., N) are, respectively, country and commodity
dummy variables. Equation (4.19) can be written as

Vi =%P+v;

where x, = [D, D, ... Do D D} ... Dy,] and B = [o, @, @, 7Y, Val" and where the values of the
dummy variables are determined at the 7j-th observation.

The main advantage of the CPD model in (4.19) is that it is possible to use very sophisticated
econometric tools to derive interesting results—see Rao (2004) for more details on how the CPD
model can be used in dealing with some of the data-related issues to be discussed shortly.?® In
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their recent work, Hajargasht and Rao (2010) derive the Iklé-Dikhanov-Balk (IDB), Rao, and
Geary-Khamis methods by using different distributional assumptions and thus are able to compute
standard errors or measures of reliability associated with PPPs from these methods.

CPD Method: Complete Price Tableau and
Item-Specific Weights

Now consider the case in which all items in the basic heading are priced in all countries. Here the
Jevons index is used—when all countries price the same set of products.

In this case, for the aggregation at the basic heading level where there no weights, the para-
meters &;and m, can be estimated using simple unweighted or ordinary least squares by minimizing

N C
(4.20) 21 Z} (Inp; - ;=)
=

i=

The first-order conditions for optimization with respect to 0, and 1, lead to the following system
of C+ N equations in as many unknowns:

N

N
anm Z"y forj=1,2,..., Cand

ZIH

C C
Vi %2 npn[—z,acﬁrn:l,Z,...,N.
p= :

j=1

This system can be solved by imposing a linear restriction on the unknown parameters. For example,

if a, = 0 is the restriction imposed, it can be easily shown that, foreachj=2, ..., C,
1
(4.21) & =7 Z {lnpn] lnan or  PPP =exp(&) = E[ {E}

Using the solution in (4.20), comparisons of price levels between countries j and 4, represented by
PPP,, can be derived as

1
(4.22) prp, - SPE) INI pi |
: F expl@) | By

The PPP, obtained using the CPD model in (4.22) is identical to the Jevons index presented in
equation (4.4) in section 4.3. As in the case of the Jevons index, the index in (4.22) is obviously
transitive and base-invariant. The only difference is that because the CPD method uses a regression
model, it is possible to derive the standard error associated with each PPP,. It was shown in Rao
(2004) that the estimated variance of PPP, is given by

ExtVir (&) = -6

where 67 is an unbiased estimator of 0%, which is given by
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N
2
>,

i=1

R

A2 J=
(4.23) TN (CiN-D

where ¢, = In p, — & — 7, is the least squares residual. Using (4.23), the estimated variance of PPP,
with a numeraire country—say country 1—is given by

(4.24) EstVar (PPP)) = EstVar (&) - (6,)°.

Equation (4.24) can then be used in deriving the estimated variance for PPPs with any other
countries as the reference country.

CPD Method: Incomplete Price Tableau

In practice, rarely are all items priced in all countries. In fact, the general experience in international
comparison exercises is that only a few items are priced in each of the participating countries,
resulting in a rather sparse price tableau. This section examines the nature and role of the CPD
method in this context, and it is contrasted with the alternative aggregation method based on
variants of the Jevons method used by the Eurostat-OECD program.

The CPD model described in equations (4.17) and (4.19) can be used in conjunction with
incomplete data if the price data set is connected as illustrated in table 4.2, which appears later in
this chapter.”” The CPD model and the least squares estimation shown in equations (4.20) and
(4.21) can be used with appropriate modifications. Rao (2004) provides algebraic expressions
and the necessary proofs to support the following properties of the CPD method relative to the
Jevons-GEKS approach described in section 4.3:

¢+ The CPD and the GEKS methods provide identical estimates of PPPs when the price
tableau is complete, or equivalently when all countries price the same set of products.
There is no real problem of choice. However, the GEKS method, which expresses the
PPP, as a geometric mean of the price relatives for all the items, provides no measure of
reliability as in the case of the CPD approach.

* When the price tableau is incomplete, the CPD and the Jevons-GEKS methods pro-
vide different numerical values. The CPD method makes use of all the price informa-
tion in a single step, whereas the Jevons-GEKS method uses the information in two
stages. At the first stage, binary comparisons are made using only the prices of items
that are priced in a given pair of countries. Obviously, data on the prices of items
that are priced in one country but not the other are ignored. Indirect use is made of
the price data for the other items through the GEKS extension of the binary Jevons
indexes. Once again, no standard errors are available for the PPPs derived using the
Jevons-GEKS method.

¢ When the price tableau is incomplete, one can estimate the CPD model and fill in
the missing price data to complete the tableau of prices. The CPD-based PPPs remain
unchanged if the CPD model is applied a second time after filling in the missing prices.
This is an indication that the price data were fully used under the CPD method. However,
the Jevons-GEKS method applied to the incomplete tableau differs from the Jevons
method applied to the tableau after the missing price data are imputed using the CPD
model. This means that the Jevons-GEKS method can be improved through the use of
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CPD fillers, which in turn implies that the GEKS method does not make full use of the
price data in the incomplete tableau.

CPD Method: Information on Representativity and
Importance

This section discusses two possible modifications of the simple CPD model depicted in (4.17)
and (4.19). The first modification refers to the case in which additional information on the
representativity of each item priced in each of the countries is available. In this case, it is possible to
extend the CPD regression model to directly account for the possible upward (or downward) bias
caused by the prices of unrepresentative items. The representativeness concept was used in the 2005
ICP. The second modification concerns the notion of importance, whereby each item is classified as
important or unimportant in each of the countries. The notion of importance has been adopted for
the 2011 round of the ICP. A discussion of extensions of the CPD model in these two cases follows.

Country Product Representative Dummy Model
Recalling the discussion of representativity in section 4.2 of this chapter as well as in chapter 1, the
basic idea is that representative products tend to be cheaper than unrepresentative products within
a basic heading.?® This means that in addition to the country and product dimensions used in the
CPD model, another dimension of representativity is considered critical and is therefore included.
Accommodating representativity information is quite straightforward through the
introduction of another dummy variable representing the additional dimension. In this case, for
each price observation a representativeness dummy variable, R, is defined so that the value of R
equals 0 if the price observation corresponds to a representative item and equals 1 if the particular
item is not representative. The basic CPD model in equation (4.19) may be extended to include

the representativeness dummy as follows:*

C
=Zaij+z”r]iD;+8R+vij.

j=1 i=1

The parameters in the model can be estimated using the standard least squares method after impos-
ing the numeraire restriction setting one of the as equal to unity. The resulting estimates of PPPs
are essentially adjusted for the upward bias caused by those price observations that are not repre-
sentative. It is expected that in the general case in which unrepresentative items are more expensive
the estimate of § will be positive.*

Using the CPRD model, it is much easier to handle the bias induced by the prices of
unrepresentative items through the magnitude of 8. Such an adjustment is not possible in the case of
the Jevons-GEKS procedure. In addition, it is clear that considerable price information is lost in the
general architecture of the Jevons-GEKS* and Jevons-GEKS*(S) methods described in section 4.3.

Based on the advantages of the CPRD model and because it uses all the information contained
in the data set, the CPRD model was recommended for use in the 2005 ICP round for aggregation
at the basic heading level. However, the CPRD model could not be used in the Africa and Asia-
Pacific regions because of the problems associated with the determination of representative and
unrepresentative products. The CPRD method was used in the South America region comparisons.
The Eurostat-OECD program used the Jevons-GEKS*(S) method described in section 4.3.
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(PD Model with Importance Weights Attached to Price Observations
Because of the practical problems associated with identifying the representativeness of items priced
in different countries, the 2011 ICP will use the notion of importance of the product priced. In par-
ticular, each item priced will be identified as either important or unimportant. The importance infor-
mation will be used by means of attaching weights to price observations. In its meeting in April
2011, the Technical Advisory Group (TAG) of the ICP recommended that a weight of 3 be attached
to products identified as important and a weight of 1 be attached to items deemed unimportant.®!
It is fairly simple to attach weights in the estimation of the parameters of the CPD model.
It is equivalent to running weighted least squares in the place of simple unweighted least squares.
Suppose w;, is the weight attached to the price quotation for the i-th commodity in the j-th country.
Then the weighted least squares simply minimizes

N C

426) 2 D w(np,- -y, =

i=

<.

I
~.
I

with respect to the unknown parameters, which in turn results in estimates of PPPs. The TAG
recommendation is to use w, = 3 if the commodity is important or representative and w, = 1 if it
is unimportant.

As an extension of this procedure, it may be possible to include information on approximate
expenditure or sales shares in the place of arbitrarily stated weights. The main feature of the model
in (4.26) is that it is exactly the model one would use if expenditure share weights were available.
Rao (2009) discusses the expenditure share—weighted CPD model.

The extensions and variations of the CPD model discussed in this section are limited to the
cases applicable to the estimation of basic heading PPPs. It is clear that the CPD method offers
major advantages over the alternative based on the Jevons index and variations of the Jevons-GEKS
index. Because of the noise in the price data arising from the fact that the data are collected through
price surveys, methods such as the CPD based on statistical models are best suited to account for
noise and also to provide estimates of reliability in the form of standard errors associated with the
PPPs at the basic heading level.

A Numerical Example

A numerical example designed to illustrate the various methods of aggregation used in deriving PPPs
at the basic heading level is presented in table 4.2. In particular, the properties of the Jevons-GEKS,
Jevons-GEKS*, Jevons-GEKS*(S), and CPD, CPRD, and weighted CPD methods are illustrated
using a simple example.*?

The example refers to the basic heading materials for maintenance and repair of the dwelling.
Four items are listed under this basic heading, and four countries are used in this example. All the
items are priced in all the countries, which is useful in illustrating the equivalence of the CPD and
Jevons-GEKS methods in special cases. The representativity of different products is indicated by
an asterisk (*), shown in the adjacent column, attached to the price quotation.

In this example, all four commodities are priced in all four countries. Therefore, the GEKS
parities should be identical to those derived using the CPD model. Only one item is considered
representative in country 1, whereas in countries 2 and 3 three products are representative. By

contrast, only one item is representative in country 4.
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TABLE4.2 Price Data for Aggregation at the Basic Heading Level (Materials for
Maintenance and Repair of the Dwelling)
Country 1 Rep. Country 2 Rep. : Country3 Re ountry 4 ERep.
388 3490 o 7336 o 8945

Description

Paint, indoor use : : :

Paint,outdooruse 10 | i 4919 KT DB * 1905
Silicone : N T Y7 A R/ T SR S B ') /O 7
Cement ; Ckg o4 L0630 0 o* o607 1 o* i 55

The following aggregation methods are considered in the example:

* Simple unweighted CPD model
* CPRD model with a representativeness dummy

CPD model with weights for representative items equal to 3 and equal to 1 for unrepre-
sentative items similar to the TAG recommendation

¢ Jevons-GEKS(*) method in which representativeness is taken into account

¢ Jevons-GEKS*(S) method, which gives additional weight to commodities representative
in both countries.

The computed PPPs using different methods are presented in table 4.3.

Several features of table 4.3 are worth noting. First, the PPPs derived by the GEKS method
without (*) are identical to the values obtained using the unweighted CPD. This result is consistent
with the analytical result that shows the equivalence of these two methods when the price tableau
is complete. However, when the representativity information is incorporated, the methods lead to
different results. Otherwise, there are no obvious trends. The weighted CPD method with the 3:1
weighting scheme seems to perform quite well. The CPRD method appears to produce the lowest
PPP values, followed by the GEKS* method.

Because the CPD method makes it possible to employ a range of econometric techniques
on the price data used and also produces standard errors for the estimated PPPs, the use of the
weighted CPD appears to be a particularly good choice.

4.5 Linking Regions at the Basic Heading Level
in ICP 2005 and Looking Forward to ICP 2011

The main objective of this section to outline the methodology used in linking PPPs at the basic
heading level in the 2005 ICP and provide a brief overview of the methodology being considered
for the 2011 ICP. The problem of linking PPPs above the basic heading level is considered in depth
in chapter 6 by Diewert. In essence, that chapter uses the linked PPPs at the basic heading level as
inputs into the aggregation process.

Linking BH-Level PPPs in ICP 2005

The 2005 ICP embraced a fully regionalized approach to the compilation of PPPs and international
comparisons of real gross domestic product and its components. As a part of the regionalized

m
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TABLE4.3 Multilateral PPPs for Basic Heading (Materials for Maintenance and Repair
of the Dwelling, Four Items) by Different Methods

Method of calculation
s
Jevons-GEKS*(5)

(P unweighted (weights 1)
o)

Exchange rate

Note: GEKS*(S) = Gini-Eltetd-Koves-Szulc (Sergeev); CPRD = Country Product Representative Dummy;
CPD = Country Product Dummy.

approach, all the participating countries were classified into six regions: Africa, Asia-Pacific, CIS,
Eurostat-OECD, South America, and Western Asia. In the 2005 ICP, the Arab Republic of Egypt
and the Russian Federation belonged to two different regions at the same time. Egypt participated
in the Africa and Western Asia regional comparisons, whereas Russia participated in the Eurostat-
OECD and CIS regions. Two major steps were involved in compiling the BH-level PPPs for the
146 participating countries in the global comparison. First, price comparisons were undertaken
in each of the regions, coordinated by a regional agency that worked under the guidance of the
ICP Global Office.*® At the conclusion of the activities at the regional level, PPPs at the basic
heading level were compiled in each region for the 155 basic headings in the GDP comparisons.
Also in each region, one country was selected as the numeraire or reference country, so that the
PPPs were expressed in the currency units of the reference country. In order to use these regional
sets of PPPs within a global comparison, it was necessary to express the regional basic heading
PPPs in the currency units of a global numeraire. A major requirement in this process was fixity,
which stipulates that the relativities between purchasing powers of currencies of countries within
a region must remain unaltered in the process of conversion to a global numeraire. For a more
complete description of the general approach used in making global comparisons, see chapter 1
of this volume.

The methodology used in the 2005 ICP to convert the regional BH-level PPPs maintaining
fixity is described in this section. The essential steps involved in the process are as follows:

* PPPs were compiled for the currencies of countries within each region using a regional
numeraire currency for all 155 basic headings in the GDP.

* A set of 18 Ring countries® was identified: six countries from Africa, four from the
Asia-Pacific, and two each from the Eurostac-:OECD and Western Asia regions. The CIS
region was linked using Russia as the bridge country.

¢ All the Ring countries conducted additional surveys to collect prices of items in the Ring
product list. The Ring list was developed by the Global Office after examining the regional
product lists. This process was used only for household consumption. For all the other

aggregates, regional comparisons were based on a global list of items.
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¢ 'The price data collected by the 18 Ring countries were used in compiling linking factors,
which were in turn used to convert the regional numeraire currency units into the global
numeraire currency. The U.S. dollar was used as the global numeraire.

The methodology used for linking both at the basic heading level and at higher levels of aggrega-
tion was developed by Diewert and is described in detail in Diewert (2008, 2010a). The aggre-
gation methodology used in the computation of linking factors is described in the rest of this
section.

Notation

Suppose there are R regions in the comparison, with C(7), for r=1, 2, ..., R, countries in region r.
In the 2005 ICP, R equaled 6, and table 1.3 of chapter 1 in this volume shows the distribution
of countries by region. Let L(#) (r=1, 2, ..., R) be the number of linking countries for a total of
L=3%Z% L(r). In the 2005 ICD, L equaled 18.

The Method
Let PPP,, represent the PPP for the 7-th basic heading in country ¢ belonging to region r. Without

loss of generality, let the first country in each region be the numeraire country. The following steps
are used in the computation of linking factors for the 7-th basic heading:

Step 1. Consider all the Ring countries in region . Let p% represent the price of the i-th item
priced in linking country ¢ in region 7. These are expressed in the national currency units
of country .

Step 2. Convert all the prices of Ring list items in the 7-th basic heading in linking country

¢ in region 7 into the numeraire or reference country currency units using

Pt
4.2 Lo 2
( 7) P iren PPP,M
- For example,
if the PPP for the rice basic heading in Sri Lanka in the Asia-Pacific region is 5.85 to the
Hong Kong dollar, which was the numeraire currency in the Asia-Pacific region, then the

This means that the price in the linking country is converted using PPP

prices of Ring products belonging in the rice basic heading collected from Sri Lanka are
all divided by 5.85, thereby expressing Ring product prices in Hong Kong dollars. At the
end of this step, the prices of all the Ring list items priced by Ring countries in the Asia-
Pacific region are expressed in Hong Kong dollars.

Step 3. Use the converted Ring list prices for all the Ring countries in a CPD regression
model to derive PPPs for the numeraire currencies in different regions. The CPD model
used can be written as

(4.28) Inpt =a, +B,+u

ircn

where exp(a,,) represents the purchasing power parity of the currency of region 7 in terms

of currency units of the global numeraire or reference currency (say the U.S. dollar) for

the 7-th basic heading.
Step 4. Apply the CPD regression in (4.28) in step 3 for all 155 basic headings.
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Step 5. Convert the basic heading PPPs within each region expressed in the reference currency
of the region (e.g., Hong Kong dollars in the Asia-Pacific) into the global numeraire using
the PPPs derived in step 4. At the end of this step, the linked PPPs at the basic heading
level are given by

(4.29) PPP,, = PPP,, - exp (a,,).

ren

For example, if the basic heading PPP for rice in Sri Lanka in the Asia-Pacific comparison is 5.85
Sri Lankan rupees per HK$1 and if the linking factor computed using Ring prices leads to, say,
HK$6 per US$1, then the PPP for the rice basic heading for Sri Lanka in the global reference cur-
rency, the U.S. dollar, is SL Rs 35.10 per U.S. dollar.?

Sergeev (2009) raises an interesting issue that grows out of the different number of Ring or
linking countries from different regions—that is, L(7) varies with 7. In the 2005 ICB, six countries
from Africa and four countries from Asia were compared with four countries from the OECD.?® The
main point is that within the CPD framework it can be shown that the international average prices
are averages of prices from the linking countries. Therefore, regions with a greater number of linking
countries may appear to exert a larger influence.’” However, the rationale for including more than
one country in a region in the Ring list is that for those regions that are large and those that exhibit
a large variation in prices it is necessary to use more price data drawn from a diverse set of countries
representing the region. There are, then, two possible solutions to the issue raised by Sergeev (2009):

1. Express the uncertainty attached to prices from a region through a larger variance for the
corresponding disturbance term in the CPD model and then apply the generalized least
squares method, which accords less weight to those observations with larger variance.
This eliminates the problem discussed by Sergeev. However, it is difficult to know the
extent of variability in prices across countries within a region.

2. Alternatively, a suggestion made by Sergeev in his paper may be implemented. Instead of
using country-specific prices for each of the linking countries in a region, simply take the
geometric mean of the prices after converting them into the currency of the numeraire

country. In this case, one can simply use
Yy y

1
7+ |10

C p
(4.30) ph =11

c=1 rln

In the next step, use these geometric means as inputs into the CPD model to generate the regional
linking factors described in equation (4.28). Use of the geometric mean ensures that each region is
represented by a single vector of prices in the CPD regression model, thereby guaranteeing that no
region exerts more than a proportionate influence on the BH-level parities that are used in deriving
linking factors at higher levels of aggregation.

Because the different regions exhibit different levels of variability and because the use of geo-
metric average prices from Ring countries entails a loss of information on prices, it is appropriate
to continue with the current practice of using different numbers of Ring countries in the basic
heading computations.

Finally, an additional comment is in order here on the possible use of representativity and
importance information in the derivation of the linking factors. Because the CPD regression in

equation (4.28) uses price observations from a number of countries within each region and because
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each country may have a different representativity status for a product in the Ring list, it would
be possible to make use of such information in deriving the regional linking factors for different
basic headings. However, use of representativity information would not be possible if Sergeev’s
suggestion for using the regional average price in (4.30) is implemented (Sergeev 2009). It is
difficult to attach any meaning for representativity for a price that is the average over a number of
different countries.

A New Approach Based on Core Products in ICP 2011

An evaluation of the Ring country approach used in the 2005 ICP raised some issues: the choice
of Ring countries from each of the regions and the likely influence of a less than ideal choice of
reference countries on the linking factors that have a direct impact on the global PPPs at the GDP
level and the resulting real income comparisons. Construction of the Ring product lists and the
pricing of these products in a limited set of Ring countries from each region were also considered
to be less than satisfactory.

In an effort to improve the 2005 methodology, it was decided to link the 2011 regional
comparisons through price data collected for core products. The core product list is supposed to
represent the products used in both developed and developing countries. A list of more than
600 core products was prepared by the Global Office. The core products are expected to strengthen
the link between regional and global comparisons through the following steps:

¢ Include the core products in the product lists of all the regions.

* Encourage the regions to price as many core products as possible in their regional price
surveys.

* Have regions use the price data on core products, as well as the region-specific product
lists in the computation of PPPs for different basic headings.

* Ensure that linking factors to link regional basic heading PPPs use the prices of core
products collected by all the participating countries in all the regions and not just the
prices collected for a selected set of Ring countries.

* Base the CPD regression in (4.28) on prices of all the core products in all the countries
participating in the 2011 round of the ICP. The number of countries is expected to be
about 180. Use of price data from all countries will conceivably produce a more robust
and reliable set of linking factors that are likely to improve the quality of the global
comparisons.

Exploratory empirical analyses using core product prices collected in the first two quarters of the
2011 ICP will be conducted to examine the nature and reliability of the linking factors resulting
from the new approach. Meanwhile, research is continuing into alternative ways of using core
product prices. Hill (2011) is proposing methods to use the core product prices in computing PPPs
at and above the basic heading levels, imposing within-region fixity in the ICP.

4.6 Conclusion

The Jevons-GEKS and the CPD are the two main aggregation methods used to compile PPPs at
the basic heading level. When all items are priced in all countries and if all items are considered to
be equally important, then these two methods lead to the same numerical values for the estimated
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PPPs. However, the CPD method has the advantage of providing standard errors that can be used
as measures of reliability. In the case in which some products are representative or important, then
three variants of the GEKS method and two variants of the CPD method are available. On a
conceptual level, the CPD with weights reflecting the importance of the product is superior to the
use of the CPRD, which relies on a systematic bias induced by unrepresentative products. As for the
Jevons-GEKS and its variants, in general methods based on Jevons-GEKS appear to discard some
price data, which is not the case when the CPD-based methods are used. The Jevons-GEKS*(S)
method, thanks to Sergeev (2003), appears to perform well among the GEKS-based methods.

Looking forward to the 2011 ICP, the Jevons-GEKS and the CPD-based methods should be
reexamined in light of the decision to use a list of “core products” that will be priced in all countries
in all regions. The use of core products is designed to eliminate the reliance on a few selected Ring
countries for the purpose of linking regions. A number of methods are currently being developed
and discussed at various meetings of the Technical Advisory Group. The CPD method is ideally
placed for the current approach of using core product prices collected from all the countries in
the global comparisons. The Jevons-GEKS method would be of limited applicability in this case
because the method can be used only if average prices representing each of the regions are available.
However, use of average prices implies a loss of information. Although the search is continuing to
identify suitable aggregation methods to link regional basic heading PPPs using the core product
price data, in the interim the CPD method is currently best suited to make use of all the core
product prices collected from all countries.

NOTES

1. The author wishes to acknowledge comments from W. Erwin Diewert, Robert Hill, Sergey
Sergeev, and Frederic A. Vogel on the material covered in this chapter. Additional thanks
are due to Sergeev for providing data and results for the numerical example included in this
chapter.

2. PPPs compiled at the regional level are based exclusively on data for countries in the region.
The PPPs are expected to satisfy the usual properties of transitivity and base invariance only
for those countries. By contrast, global comparisons make use of data from all the countries
included in the global comparison, and PPPs at that level satisfy transitivity across countries
from different regions.

3. At its meeting in April 2011, the ICP’s Technical Advisory Group recommended procedures
for linking PPPs across regions at the basic heading level.

4. Representativeness of products is discussed briefly in chapter 1, and it is further elaborated in
this chapter.

5. The CPD and the CPRD (Country Product Representative Dummy) methods were recom-
mended for use in the 2005 ICP at the basic heading level.

6. The survey framework for the collection of price data is described in chapter 7 by Frederic
A. Vogel.

7. Lack of quantity or expenditure share data makes it impossible to use standard index number
formulas such as the Laspeyres, Paasche, Fisher, and Tornqvist.

8. For a description of elementary indexes and the methods used, see the manual for the
compilation of the CPI issued by the International Labour Organization et al. (2004).

9. In the case of temporal movements in prices, products within a basic heading are expected to

show similar price changes over time.
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17.

18.
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25.
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For more details on the Eurostat-OECD treatment of representativity, see the paper by Roberts
(2009), which provides a comprehensive account of the methodology used by Eurostat and
the OECD.

Consider a hypothetical example in which country A prices only representative products and
country B prices only unrepresentative products. In this case, the PPP for country B relative
to country A would overstate the price level in country B.

This may not hold for all products. For example, beef is not representative of meat consumption
in India, but it is not relatively more expensive than other meats such as lamb or chicken.
In fact, beef and pork are generally cheaper because they are not commonly consumed.

This is the recommendation made at the April 2011 meeting of the Technical Advisory Group.
These weights will be used in conjunction with the CPD method. Details of the procedure are
given in section 4.3.

For a discussion of determining the number of quotations and related issues, see chapter 7 on
the survey framework for the ICP.

If o is the standard deviation associated with a given price (average) and if 7 is the number
of price quotations used, then o/\ is the standard error associated with the given average
price.

Generally, V (number of items) would vary with the basic heading, and therefore ideally a
subscript needs to be added. Similarly, the number of countries varies across different regions,
and therefore C'needs to have a regional descriptor. Because the focus is on a single region and
on a single basic heading, for expositional purposes subscripts for the basic heading and the
regions are dropped.

This case is the same as the one in which all the countries in the region price the same subset
of items, which implies that the remaining items are not priced in any of the countries and
can therefore be dropped from the computations.

In the case in which the price data are not connected, then even the idea of using a spatial
chain of countries will fail because there is no way to connect countries A and B with countries
Cand D in the second block.

Because price data collection is resource-intensive, a balance should be struck between the
cost of collection and the need to price as many items as possible to strengthen the price
comparisons.

A comprehensive discussion of elementary price indexes and the properties of the Jevons index
can be found in Diewert (2004a). The publication Consumer Price Index Manual: Theory and
Practice is an excellent source of material on methods used in the compilation of the consumer
price index (International Labour Organization et al. 2004). Chapter 20 of that publication
is based on Diewert (2004a).

Hill and Hill (2009) use a more complex notation in presenting these methods.

Hill and Hill (2009) interpret this formula as a variant of the standard Tornqvist index, which
uses the geometric mean of price relatives, with the average budget shares in two periods as
the weight.

This is easily true in the hypothetical case in which no items are priced that are considered
representative in both countries.

For example, it would be difficult to accord a weight of 3 to a price observation for a repre-
sentative or important product and a weight of 1 to unrepresentative products. This difficulty
will require a further modification of the Sergeev (2003) suggestion.

The model in (4.16) is not identified, and it requires normalization before the parameters of
the model can be estimated.
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26. Hill and Syed (2010) demonstrate how the CPD model can be used along with individual
price quotations from different countries to obtain estimates of rural-urban price differentials
and the outlet effects.

27. 'This is the case where not all items in the basic heading are priced in all countries.

28. The CPD model can equally incorporate the opposite case in which unrepresentative products
are cheaper.

29. The model presented here is in a format slightly different from that used in the /CP 2005
Methodological Handbook (World Bank 2007).

30. In a recent study, Hill and Syed (2010) present estimates of the representativity coeflicients
computed using data from a selected set of countries in the 2005 ICP Asia-Pacific region.
They found that the coefficients could be negative for some basic headings and positive for
others and that no definite conclusions could be drawn. Their findings may reflect in part the
difficulties the national price statisticians had in determining whether a particular product was
representative in their countries.

31. It was noted that the unweighted use of price observations amounts to giving equal weight to
products that are important and that are unimportant.

32. 'The author is greatly indebted to Sergey Sergeev for providing the data and the computations
required for the numerical example.

33. See chapter 2 of the ICP 2005 Methodological Handbook for more details on the organizational
structure of the ICP (World Bank 2007).

34. 'This group included one economy, Hong Kong SAR, China.

35. A numerical example of the computation of the linking factors using illustrative data can be
found in appendix H of World Bank (2008).

36. Ring countries for the 2005 ICP round were Brazil; Cameroon; Chile; Arab Republic of
Egypt; Estonia; Hong Kong SAR, China; Japan; Jordan; Kenya; Malaysia; Oman; the Philip-
pines; Senegal; Slovenia; South Africa; Sri Lanka; the United Kingdom; and Zambia.

37. Equations (4.26)—(4.28) in Sergeev (2009) can be derived from the normal equations associ-
ated with the ordinary least squares method.
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CHAPTER

Methods of Aggregation above the
Basic Heading Level within Regions

W. ERwIN DIEWERT

C hapter 4 describes how the 155 basic heading price parities for each of the K countries in a
region were constructed for 2005 round of the International Comparison Program (ICP).!
Once these purchasing power parities (PPPs) have been constructed, aggregate measures of country
prices and relative volumes between countries can be constructed using the wide variety of mul-
tilateral comparison methods suggested over the years. These aggregate comparisons assume that,
in addition to basic heading price parities for each country, national statisticians have provided
country expenditures (in their home currencies) for each of the 155 basic heading categories for
the reference year 2005. Then the 155 x K matrices of basic heading price parities and country
expenditures are used to form average price levels across all commodities and relative volume shares
for each country.

Many different methods can be used to construct these aggregate purchasing power parities
and relative country volumes. P Hill (2007a, 2007b) surveyed the main methods used in previous
rounds of the ICD, as well as other methods that could be used.? Only two multilateral methods
have been used in previous ICP rounds: (1) the Gini-Fltets-Kéves-Szulc (GEKS) method based
on Fisher’s bilateral indexes (Fisher 1922), and (2) the Geary-Khamis (GK) method, which is an
additive method (Geary 1953; Khamis 1972).

In the 2005 ICP round, aggregate PPPs and relative volumes for countries within each
region were constructed for four of the five geographic ICP regions using the GEKS method.?
However, the Africa region wanted to use an additive method, and so it relied on the relatively new
Iklé-Dikhanov-Balk (IDB) additive method for constructing PPPs and relative volumes within the
region.” The purpose of this chapter is to describe the properties of these three methods—GEKS,
GK, and IDB—for making multilateral comparisons between countries in a region.’ These meth-
ods are discussed in sections 5.1, 5.2, and 5.3 of this chapter. The extensive annex to the chap-
ter discusses the properties of the IDB method in more detail because this method is relatively
unknown. It may not be of interest, however, to the casual reader.
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To discriminate between the various multilateral index number methods suggested for the
ICP, it is useful to look at the axiomatic properties of the various methods. Thus section 5.4 lists
various axioms or properties or tests that have been suggested for multilateral indexes to see which
tests are satisfied by the GEKS, GK, and IDB methods.

Now, a brief comment on the relative merits of the GEKS, GK, and IDB methods is warranted.
The GK and IDB methods are additive methods—that is, the real final demand of each country can
be expressed as the sum of the country’s individual basic heading final expenditures. Each real final
demand component is weighted by an international price, which is constant across countries. This
feature of an additive method is tremendously convenient for users, because the components of final
demand can be aggregated consistently across both countries and commodity groups, and so for
many purposes it is useful to have available a set of additive international comparisons. However,
additive methods are not consistent with the economic approach to index number theory (which
allows for substitution effects), whereas the GEKS method is consistent. Section 5.5 explains the
economic approach and why additive methods are not fully consistent with that approach.

The GEKS multilateral method is fully consistent with the economic approach to making
multilateral comparisons. The GEKS approach also has the property that each country in the
comparison is treated in a fully symmetric manner—that is, the method is a democratic one. This
aspect of GEKS can be considered an advantage of the method. However, from a technical point of
view there are some disadvantages to the method in that countries that are at very different stages
of development and that face very different relative prices are given the same weight in the method
as countries that are at very similar stages of development and face the same structure of relative
prices. Bilateral comparisons of countries similar in structure are likely to be much more accurate
than comparisons of countries that are very dissimilar. Thus section 5.6 of this chapter introduces
an economic approach that builds up a complete multilateral set of comparisons that rests on mak-
ing bilateral comparisons of countries very similar in structure. Called the minimum spanning tree
(MST) method and introduced by R. J. Hill (1999a, 1999b, 2001, 2004, 2009),° this method
has some advantages over GEKS, and thus it could be considered for use in the next ICP round.

Section 5.7 of this chapter uses the artificial data example in Diewert (1999) to illustrate
how the four methods (GEKS, GK, IDB, and MST) differ in a rather extreme numerical example.
Two less extreme numerical examples are presented in chapter 6.

5.1 GEKS Method

The GEKS method originated with Gini (1924, 1931), and was independently rediscovered by
Eltetd and Koves (1964) and Szulc (1964).

‘This method is more easily explained by introducing some notation. Let NV equal 155 and X
be the number of countries in the regional comparison for the reference year. The basic heading PPP
for final demand commodity category 7 and for country £ in the region is denoted by p/ > 0 and
the corresponding expenditure (in local currency units) on commodity class 7 by country 4 in the
reference year by ¢ forn=1,..., Nand #= 1, ..., K7 Using this information, it is possible to define
volumes® or implicit quantity levels ¢* for each basic heading category 7 and for each country £ as the
category expenditure deflated by the corresponding basic heading commodity PPP for that country:

(5.1) gt=" =1, Nek=1,...K
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It is useful to define country commodity expenditure shares s*for basic heading class 7 and country

kas

(5.2) sf=—2 5 n=1,....,Njk=1,...,K

Now define country vectors of basic heading PPPs as p* = [ %, ..., p% ", country vectors of basic

k '3

heading volumes as ¢* = [qf, ces ql’i,] T, country expenditure vectors as ¢f = [e ) eN] and coun-

L
1’
To define the GEKS parities P!, P?, ..., PXbetween the K countries in the comparison, first
define the Fisher (1922) ideal bilateral price index P, between country j relative to 4:'°

try expenditure share vectors as s = [s’e ey S ]Tfor k=1,...,K

1
e oa | 2Erd
(5.3) PF(p",p/,q",q/)z{W} s j=1L..,Kk=1..,K

Note that the Fisher ideal price index is the geometric mean of the Laspeyres price index between

countries j and &, 2,(p", p/, 4%, ¢) = —q " and the Paasche price index, P,(p%, p/, 4%, ¢) =
?'q"

;ZJ 2 Various justifications for the use of the Fisher ideal index in the bilateral context
have been made by Diewert (19765 1992; 2002, 569) and others."® The Fisher index can be
justified from the point of view of finding the “best” symmetric average of the Paasche and
Laspeyres indexes, or from the point of view of the axiomatic or test approach to index number
theory, or from the viewpoint of the economic approach to index number theory."

The aggregate PPP for country j, /7, is defined as

K

(5.4) Pi= H[P (" P 4" q’)TK j=L.. K

Once the GEKS P7s have been defined by (5.4), the corresponding GEKS country real expendi-
tures or volumes @’ can be defined as the country expenditures p/g’ in the reference year divided
by the corresponding GEKS purchasing power parity /’:

Jal
(5.5) Q= M j=1,...K

If all of the 77 defined by (5.4) are divided by a positive number, say «, then all of the Q/ defined by
(5.5) can be multiplied by this same o without materially changing the GEKS multilateral method.
If country 1 is chosen as the numeraire country in the region, then set a equal to P' defined by
(5.4) for j = 1, and the resulting price level 7/ is interpreted as the number of units of country ;s
currency required to purchase one unit of country 1’s currency and receive an equivalent amount
of utility. The rescaled Q’is interpreted as the volume of final demand of country j in the currency
units of country 1.

It is also possible to normalize the aggregate real expenditure of each country in common
units (QY) by dividing each Q*by the sum ¥, Q7 in order to express each country’s real expenditure
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or real final demand as a fraction or share of total regional real expenditure—that is, define country
k’s share of regional real expenditures, S*, as follows:"

k
(5.0) St= Q 5 k=1,...,K

The country shares of regional real final demand, S¥, remain unchanged after rescaling the PPPs
by the scalar .’

5.2 Geary-Khamis Method

The method was suggested by Geary (1958), and Khamis (1972) showed that the equations that
define the method have a positive solution under certain conditions.

The GK system of equations involves K country price levels or PPPs, P!, ..., PX, and N
international basic heading commodity reference prices, m, ..., m,. The equations that determine
these unknowns (up to a scalar multiple) are

K[k k
(5.7) nn=2 3” p—’;; n=1,...,N
k=1 Z ; P
j:lq”
and
ko
(5.8) [ S TR
g
where n = [, ..., m,] is the vector of GK regional average reference prices. If a solution to equa-

tions (5.7) and (5.8) exists, then if all of the country parities P* are multiplied by a positive scalar,
say N, and all of the reference prices n, are divided by the same N, another solution to (5.7) and
(5.8) is obtained. Thus =, and P* are determined only up to a scalar multiple and an additional

normalization is required such as
(5.9) Pr=1

in order to uniquely determine the parities. It can also be shown that only N + K - 1 of the N
equations in (5.7) and (5.8) are independent. Once the parities P* have been determined, the
real expenditure or volume for country 4, Q*, can be defined as country #'s nominal value of final

demand in domestic currency units, p*¢*, divided by its PPP, P*:

(5.10) Q= k=1,... K

pr

which equals ng* using (5.8).

The second set of equations in (5.10) characterizes an additive method'—that is, the real
final demand of each country can be expressed as a sum of the country’s individual basic heading
final demand volume components, where each real final demand component is weighted by an
international price that is constant across countries.
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Finally, if equations (5.10) are substituted into the regional share equations, (5.6), then
country £’s share of regional real expenditures is

ng*
(5.11) Sk:ﬂ_q; k=1,...,K

where the region’s total volume vector ¢ is defined as the sum of the country volume vectors:

K
(5.12) q= qu
j=1

Equations (5.10) show the convenience of having an additive multilateral comparison method:
when country outputs are valued at the international reference prices, values are additive across both
countries and commodities. However, additive multilateral methods are not consistent with eco-
nomic comparisons of utility across countries if the number of countries in the comparison is greater
than two; see section 5.5. In addition, equations (5.7) reveal that large countries will have a larger
contribution to determination of the international prices 7, and thus these international prices will
be much more representative for the largest countries in the comparison than for the smaller ones.'
This observation leads to the next method for making multilateral comparisons: an additive method
that does not suffer from this problem of big countries having an undue influence on the comparison.

5.3 lklé-Dikhanov-Balk Method

Iklé (1972, 202—4) proposed this method in a very indirect way; Dikhanov (1994, 1997) suggested
the much clearer system described here—see equations (5.13) and (5.14); and Balk (1996, 207-8)
provided the first existence proof. The equations produced by Dikhanov (1994, 9-12) that are the
counterparts to the GK equations (5.7) and (5.8) are

s 2]

%
(5.13) nn:g ; n=1,...,N

K
Z )
j=1

and
N A -1 -
(5.14) pk{Z;;[%} } k=1, K
n=1 n

where the country expenditure shares s* are defined by (5.2).

As in the GK method, equations (5.13) and (5.14) involve the K country price levels or
PPPs, P!, ..., P¥, and NV international commodity reference prices, 7, ..., n,. Equations (5.13)
indicate that the 7-th international price, 7, is a share-weighted harmonic mean of the country £ basic
heading PPPs for commodity 7, p*, deflated by country £'s overall PPP, P*. The country k share
weights for commodity 7, s*, do not sum (over countries ) to unity, but when s is divided by
>X s/, the resulting normalized shares do sum (over countries #) to unity. Thus equations (5.13)

7
are similar to the GK equations (5.7), except that now a harmonic mean of the deflated basic

heading commodity 7 “prices,” 2n , is used in place of the old arithmetic mean. Also, in the GK
Pk
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k

n

equations country #’s volume share of commodity group 7 in the region, was used as a

J
i=1 In
weighting factor (and thus large countries had a large influence in forming]these weights), but
now the weights involve country expenditure shares, and so each country in the region has a more
equal influence in forming the weighted average. Equations (5.14) indicate that ¥, the PPP for
country , is equal to a weighted harmonic mean of the country # basic heading PPPs, p¥, deflated
by the international price for commodity group 7, 7, where the summation is over commodities 7
instead of over countries # as in equations (5.13). The share weights in the harmonic means defined
by (5.14), s*, sum to one when the summation is over 7, and so there is no need to normalize these
weights as was the case for equations (5.13).

If a solution to equations (5.13) and (5.14) exists, then multiplication of all of the country
parities P* by a positive scalar A and division all of the reference prices , by the same A will lead to
another solution to (5.13) and (5.14). Thus rr, and P* are determined only up to a scalar multiple,
and an additional normalization is required such as (5.9), P! = 1.

Although the IDB equations (5.14) do not appear to be related very closely to the corre-
sponding GK equations (5.8), these two sets of equations are actually the same system. To see this,
note that the country 4 expenditure share for commodity group 7, s*, is represented by

kok
(5.15) st = l;:q:;
q

n=1,...,N;k=1,..., K

Now substitute equations (5.15) into equations (5.14) to obtain

(5.16) Pro— 1 po1,. K

Thus equations (5.14) are equivalent to equations (5.8), and the IDB system is an additive system—
that is, equations (5.10)—(5.12) can be applied to the present method just as they were applied to
the GK method for making international comparisons."

The annex to this chapter demonstrates several different ways of representing the IDB system
of parities, and provides proofs of the existence and uniqueness of the IDB parities. Effective meth-
ods for obtaining solutions to the system of equations (5.13) and (5.14) (with a normalization)
are presented as well.

As noted at the outset of this chapter, the IDB method was used by the Africa region to
construct regional aggregates. This method appears to be an “improvement” over the GK method
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in that large countries no longer have a dominant influence on the determination of the interna-
tional reference prices 7,, and so if an additive method that has more democratic reference prices is
required, IDB appears to be “better” than GK. In addition, Deaton and Heston (2010) have shown
empirically that the IDB method generates aggregate PPPs that are much closer to the GEKS PPPs
than are the GK PPPs, using the 2005 ICP data. However, in section 5.5 it is shown that if one
takes the economic approach to index number comparisons, then any additive multilateral method
will be subject to some substitution bias.

For many users, however, possible substitution bias in the multilateral method is not an
important issue: these users want an additive multilateral method so they can aggregate in a
consistent fashion across countries and commodity groups. For these users, it may be useful to
look at the axiomatic properties of the GK and IDB multilateral methods in order to determine a
preference for one or the other of these additive methods. Thus in the next section, various mul-
tilateral axioms or tests are listed, and the consistency of GK, IDB, and GEKS with these axioms
is determined.

5.4 Test or Axiomatic Approach to Making
Multilateral Comparisons

Balk (1996) proposed a system of nine axioms for multilateral methods based on the earlier
work of Diewert (1988).2° Diewert (1999, 16-20) further refined his set of axioms, and this
section lists 11 of the 13 “reasonable” axioms he proposed for a multilateral system. The nota-
tion used here is P = [p', ..., p¥] signifies an N x K matrix for which domestic basic heading
parities (or “price” vectors) p', ..., p“serve as its K columns, and Q = [¢, ..., g*] signifies an
N x K matrix for which country basic heading volumes (or “quantity” vectors) ¢, ..., g% serve
as its K columns.

Any multilateral method applied to K countries in the comparison determines the coun-
try aggregate volumes, Q, ..., QX along with the corresponding country PPPs, P*, ..., P~
The country volumes Q* can be regarded as functions of the data matrices P and Q so that
the country volumes can be written as functions of the two data matrices ” and Q—that is, the
functions Q*(P, Q) for k=1, ..., K. Once the functions Q*(P,Q) have been determined by the
multilateral method, then country #’s share of total regional real expenditures, S(2 Q), can be

defined as

QP Q) e B
[Ql(P’Q)+"'+QK(P,Q)]’ s eeay XKL

(5.17) SHP, Q) =

Both Balk (1996, 2008) and Diewert (1988, 1999) used the system of regional share equations
S¥(P,Q) as the basis for their axioms.

What follows are 11 of Diewert’s 13 tests or axioms for a multilateral share system, S'(7, Q),
..., SK(P, Q) (Diewert 1999, 16-20).?" It is assumed that the two data matrices, P and Q, satisfy
some mild regularity conditions, which are listed in section 5A.1.1 in the annex to this chapter.
In keeping with the literature on test approaches to index number theory, components of the data
matrix Q will be referred to as “quantities” (when they are actually basic heading volumes by com-
modity group and country) and the components of data matrix P will be referred to as “prices”
(when they are actually basic heading PPPs by commodity group and by country).
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T1: Share Test: There exist K continuous, positive functions, SY(P, Q), k= 1, ..., K, such that
£ .84P, Q) =1 forall P, Qin the appropriate domain of definition.

This is a very mild test of consistency for the multilateral system.

T2: Proportional Quantities Tést: Suppose that ¢* = 8,4 for some g >> 0yand B, > 0for k=1, ...,
K with Y5 B, =1. Then SYP, Q) = B,fork=1,..., K

This test says that if the quantity vector for country 4, g%, is equal to the positive fraction
B, times the total regional quantity vector ¢, then that country’s share of regional real expendi-
tures, S¥(P, Q), should equal that same fraction 3,. Note that this condition is to hold no matter
what P is.

T3: Proportional Prices Test: Suppose that p* = o, p for p >> 0yand ;> 0 for k= 1, ..., K. Then

rq
SHP, Q) =—"——
PRy

This test says the following;: suppose that all of the country price vectors p* are proportional

fork=1,..., K

to a common “price”vector p. Then the country 4 share of regional real expenditure, S2, Q), is
equal to the value of its quantity vector, valued at the common prices p, pg* = XV, p g%, divided
by the regional value of real expenditures, also valued at the common prices p, p>*, ¢’. Thus if
prices are proportional to a common set of prices p across all countries, then these prices p can act
as a set of reference international prices and the real expenditure volume of country £, Q¥ should
equal pg* up to a normalizing factor.

T4: Commensurability Test: Let 8, > 0 forn=1, ..., N, and let A denote the N x /N diagonal matrix
with the 8, on the main diagonal. Then SYAP, A'Q) = SP, Q) for k=1, ..., K.

This test implies that the country shares S¥(P, Q) are invariant to changes in the units of
measurement. This is a standard (but important) test in the axiomatic approach to index number
theory that dates back to Fisher (1922, 420).

T5: Commodity Reversal Test: Let [] denote an IV x N permutation matrix. Then S¥[12, [1Q) =
SHP, Q) fork=1,..., K

This test says that the ordering of the N commodity groups should not affect each country’s
share of regional real expenditure. This test also dates back to Fisher (1922, 63) in the context of
bilateral index number formulas.

T6: Multilateral Country Reversal Test: Let S(P, Q) denote a K dimensional column vector that
has the country shares S'(P, Q), ..., S5(P, Q) as components, and let [[* be a K'x K permutation
matrix. Then S(PIT*, QIT*) = S(P, Q)IT*.

This test implies that countries are treated in a symmetric manner—that is, the country
shares of world output are not affected by a reordering of the countries. The next two tests are
homogeneity tests.

T7: Monetary Units Test: Let o, > O for k=1, ..., K. Then S(a, p', ..., apf, Q) = S*(p', ..., p5 Q) =
SHP, Q) fork=1,....K

This test implies that the absolute scale of domestic prices in each country does not affect
each country’s share of world output—that is, only relative prices within each country affect the

multilateral volume parities.
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T8: Homogeneity in Quantities Test: Fori=1, ..., K, let \;> 0 and let j denote another country not
SPq's....N g ... q") NSPog.. g, 9) NS(P, Q)
SIP, gy ... Ny oo g¥) SP G g gX)  SIP, Q)

This test is equivalent to saying that the volume share of country 7 relative to country j is

equal to country 7. Then

linearly homogeneous in the components of the country 7 quantity vector ¢'.

T9: Monotonicity in Quantities Iest: For each &, S¥(B ¢, ..., 4", g% ¢*', ..., ¢%) = SYP, Q)
increasing in the components of ¢*.

This test says that country #’s share of world output increases as any component of the coun-
try k quantity vector ¢* increases.

T10: Country Partitioning Tést: Let A be a strict subset of the indexes (1, 2, ..., K) with at least two
members. Suppose that for each i € 4, p'= o, p“for o, > 0, p*>> 0, and ¢’ = 3,4 for 3,> 0, g* >>
0, with 3,_, B,= 1. Denote the subset of {1, 2, ..., K} that does not belong to A x B, and denote
the matrices of country price and quantity vectors that belong to B x P? and Q?, respectively. Then,
(i)forie A,j € 4, % = %, and (ii) for 7 € B, S{(P, Q) = S™(p*, P?, ¢, Q°), where S*(p*, P*,
g, Q") is the system of share functions that is obtained by adding the group A aggregate price and
quantity vectors, p” and ¢ respectively, to the group B price and quantity data, 2%, Q°.

Thus if the aggregate quantity vector for the countries in group A were distributed propor-
tionally among its members (using the weights ;) and each group A country faced prices that
were proportional to p*, then part (i) of T10 requires that the group A share functions reflect this
proportional allocation. Part (ii) of T10 requires that the group B share functions are equal to the
same values no matter whether one uses the original share system or a new share system where all of
the group A countries have been aggregated up into the single country that has the price vector p*
and the group A aggregate quantity vector g“. Conversely, this test can be viewed as a consistency
in aggregation test if a single group A country is partitioned into a group of smaller countries.

T11: Additivity Test: For each set of price and quantity data, P, Q, belonging to the appropri-
ate domain of definition, there exists a set of positive world reference prices © >> 0,, such that

ng*
SR Q)=—"— fork=1,...,K
(<271
Thus if the multilateral system satisfies test T11, then it is an additive method because the
real expenditure Q* of each country £ is proportional to the inner product of the vector of interna-
tional prices 7 with the country 4 vector of commodity volumes (or “quantities”), g*.

It is useful to contrast the axiomatic properties of the IDB method with the other additive
method that has been used in the ICP, the GK system. Based on the results in Diewert (1999) on the
GK system and the results in the annex to this chapter on the IDB system, it can be seen that both
methods satisfy tests T1-T7 and T'11 and that both methods fail T9, the monotonicity in quantities
test. Thus the tests that discriminate between the two methods are T8 and T10: the IDB multilateral
system passes T8, the homogeneity test, and fails T'10, the country partitioning test, and vice versa
for the GK system.? There has been more discussion of test T10 than test T8. On the one hand,
proponents of the GK system like its good aggregation (across countries) properties, and the fact
that big countries have more influence on the determination of the world reference price vector = is
regarded as a reasonable price to pay for these “good” aggregation properties.” On the other hand,
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proponents of the IDB method like the fact that the world reference prices are more democrati-
cally determined (large countries play a smaller role in determination of the vector of international
prices 7), and they place less weight on good aggregation properties. Also, from evidence presented
by Deaton and Heston (2010) using the 2005 ICP database, it appears that the IDB parities are
closer to the GEKS parities than the GK parities. Thus the IDB method has the advantage that it is
an additive method that does not depart too far from the parities generated by the GEKS method.

Diewert (1999, 18) showed that the GEKS system (using the Fisher ideal index as the basic
building block) passed tests T1-T9 but failed T10, the country partitioning test, and T11, the
additivity test. Thus all three of the multilateral methods considered thus far fail 2 out of the 11 tests.

At this point, it is difficult to unambiguously recommend any one of the three multilateral
methods over the other two. The following section considers an economic approach to making
multilateral comparisons that may help in evaluating the three methods.

5.5 Additive Multilateral Methods and
the Economic Approach to Making Index
Number Comparisons

It is useful to begin this section by reviewing the essential assumptions for the economic approach
to index number theory:

* Purchasers have preferences over alternative bundles of the goods and services they purchase.
* As a result, they buy more of the things that have gone down in relative price and fewer
of the things that have gone up in relative price.

This kind of substitution behavior is well documented, and therefore it is useful to attempt
to take it into account when doing international comparisons.

The economic approach to index number theory does take substitution behavior into
account. This approach was developed by Diewert in both the bilateral context (1976)* and the
multilateral context (1999). This theory works as follows:

¢ Assume that all purchasers have the same preferences over commodities and that these
preferences can be represented by a homogeneous utility function.

* Find a functional form that can approximate preferences to the second order®” and has
an exact index number formula associated with it. The resulting index number formula
is called a superlative index number formula.*

¢ Use the superlative index number formula in a bilateral context so that the real output of
every country in the region can be compared with the real output of a numeraire country
using this formula. The resulting relative volumes are dependent on the choice of the
numeraire country.

¢ Take the geometric average of all K sets of relative volumes using each country in the
region as the numeraire country. This set of average relative volumes can then be con-
verted into regional shares as in section 5.1. The resulting method is called a superlative
multilateral method (see Diewert 1999, 22).

It turns out that the GEKS method discussed earlier in section 5.1 is a superlative multilat-
eral method (see Diewert 1999, 36). The GEKS method also has quite good axiomatic properties
as was shown in section 5.4.
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In view of the importance of the GEKS multilateral method, it is worth explaining that the
GEKS volume parities can be obtained by alternative methods.

In the first method, described by Deaton and Heston (2010), the GEKS parities can be
obtained by using a least squares minimization problem (Gini 1924) that will essentially make
an K x K matrix of bilateral Fisher volume parities that are not transitive into a best-fitting set
of transitive parities. In the second method for deriving the GEKS parities, implicitly explained
earlier, the parities are obtained by picking any country as the base country and then using the
Fisher bilateral quantity index to form the real final demand volume of every country relative to
the chosen base country. This process gives estimated volumes for all countries in the comparison
relative to the chosen base country. Then this process is repeated, choosing each country in turn
as the base country, which leads to K 'sets of relative volume estimates. The final step for obtaining
the GEKS relative volumes is to take the geometric mean of all of the K base country dependent
sets of parities.

The problem with an additive multilateral method (from the perspective of the economic
approach) if the number of countries in the region is greater than two can now be explained with
the help of a diagram (figure 5.1).

The solid curved line in figure 5.1 represents an indifference curve for purchasers of the
two goods under consideration. The consumption vectors of countries A, B, and C are all on
the same indifference curve, and thus the multilateral method should show the same volume for
the three countries. If one uses the relative prices that country B faces as “world” reference prices
in an additive method, then country B has the lowest volume or real consumption, followed by
country A; country C has the highest volume. But they all have equal volumes! It is possible to
devise an additive method that will make the volumes of any two countries equal, but it is not
possible to devise an additive method that will equalize the volumes for all three countries. On the
other hand, the common indifference curve in figure 5.1 can be approximated reasonably well by
a flexible functional form that has a corresponding exact index number formula (such as the Fisher
index), and thus a GEKS method that used the Fisher bilateral index as a basic building block
would give the right answer to a reasonable degree of approximation. The bottom line is that an
additive multilateral method is not really consistent with economic comparisons of utility across

countries if the number of countries in the comparison is greater than two.”

FIGURE5.] Indifference Curve for Two Products, Three Countries

q2

ql

Source: Based on Marris 1984, 52, and Diewert 1999, 48-50.
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Although additive multilateral methods have their problems in that they are not consistent
with substitution in the face of changing relative prices, the economic approach as explained ear-
lier is not without its problems. Two important criticisms of the economic approach are (1) the
assumption that all final purchasers have the same preferences over different baskets of final
demand purchases is suspect, and (2) the assumption that preferences are homothetic—that is,
can be represented by a linearly homogeneous utility function—is also suspect.

The second criticism of the economic approach to multilateral comparisons based on super-
lative bilateral index number formulas has been discussed in the recent literature on international
comparisons, and some brief comments on this literature are in order here.

An important recent development is Neary’s GAIA multilateral system. It can be described
as a consumer theory—consistent version of the GK system, which allows for nonhomothetic
preferences on the part of final demanders (Neary 2004). Deaton and Heston (2010) point out
that a weakness of the Neary multilateral system is that it uses a single set of relative prices to value
consumption or the gross domestic product (GDP) in all countries, no matter how different are
the actual relative prices in each country. This problem was also noted by Feenstra, Ma, and Rao
(2009), who generalized Neary’s framework to work with two sets of cross-sectional data in order
to estimate preferences.” They also experimented with alternative sets of reference prices. In their
discussion of Feenstra, Mao, and Rao, Barnett, Diewert, and Zellner (2009) noted that a natural
generalization of their model would be use of a set of reference prices that would be representative
for each country in the comparison. Using representative prices for each country would lead to K
sets of relative volumes, and in the end these country-specific parities could be averaged, just as the
GEKS method averages country-specific parities. Barnett, Diewert, and Zellner conjectured that
this geometric average of the country estimates would probably be close to GEKS estimates based
on traditional multilateral index number theory, which, of course, does not use econometrics. It
remains to be seen if econometric approaches to the multilateral index number problem can be
reconciled with superlative multilateral methods.”

The next section describes another economic approach to constructing multilateral

comparisons—a method that is based on linking countries that have similar economic structures.

5.6 Minimum Spanning Tree Method
for Making Multilateral Comparisons

Recall that the Fisher ideal quantity index can be used to construct real volumes for all K countries
in the comparison, using one country as the base country. Thus as each country is used as the base
country, K sets of relative volumes are obtained. The GEKS multilateral method treats each coun-
try’s set of relative volumes as being equally valid, and thus an averaging of the parities is appro-
priate under this hypothesis. The method is therefore “democratic” in that each bilateral index
number comparison between any two countries receives the same weight in the overall method.
However, not all bilateral comparisons of volume between two countries are equally accurate. On
the one hand, if the relative prices in countries A and B are very similar, then the Paasche and
Laspeyres volume or quantity indexes will be very close, and so it is likely that the “true” volume
comparison between these two countries (using the economic approach to index number theory)
will be very close to the Fisher volume comparison. On the other hand, if the structure of relative
prices in the two countries is very different, then it is likely that the structure of relative quantities
in the two countries will also be different. Therefore, the Paasche and Laspeyres quantity indexes
will likely differ considerably, and it is no longer so certain that the Fisher quantity index will be
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close to the “true” volume comparison. These considerations suggest that a more accurate set of
world product shares could be constructed if initially a bilateral comparison was made between the
two countries that had the most similar relative price structures.?® At the next stage of the compari-
son, one could look for a third country that has a relative price structure most similar to the those
of the first two countries and link in this third country to the comparisons of volume between the
first two countries, and so on. At the end of this procedure, a minimum spanning tree would be
constructed, which is a path between all countries that minimizes the sum of the relative price dis-
similarity measures.>’ The conclusion is that similarity linking® using Fisher ideal quantity indexes
as the bilateral links is an alternative to the GEKS method, which has some advantages over it.*}
Both methods are consistent with the economic approach to index number theory.

A key aspect of this methodology is the choice of the measure of similarity (or dissimilar-
ity) of the relative price structures of two countries. Various measures of the similarity or dis-
similarity of relative price structures have been proposed by Allen and Diewert (1981); Kravis,
Heston, and Summers (1982, 104—6); Aten and Heston (2009); Diewert (2009); R. J. Hill
(1997, 2009); and Sergeev (2001, 2009). A few of these suggested measures of dissimilarity will
now be discussed.

Suppose one wishes to compare the similarities in the structure of relative prices for two coun-
tries, 1 and 2. They have the strictly positive basic heading PPP vectors p* and the basic heading vol-
ume vectors ¢* for £ = 1, 2. For convenience of exposition, in remainder of this section the PPP vector
p*is referred to as a “price” vector and the volume vector ¢* as a “quantity” vector. A dissimilarity index,
A(p', % 45 ¢7), is a function defined over the “price” and “quantity” data pertaining to the two coun-
tries, p', p*, ¢', ¢%, which indicates how similar or dissimilar the structure of relative prices is in the two
countries being considered. If the two price vectors are proportional so that the relative prices in the
two countries are equal, then one wants the dissimilarity index to equal its minimum possible value,
zero—that is, one wants A(p', p?, ¢', ¢%) to equal zero if p? = Np' for any positive scalar \. If the price
vectors are not proportional, then one wants the dissimilarity measure to be positive.* Thus the larger
is A(p', p% ', ¢7), the more dissimilar is the structure of relative prices between the two countries.

The first measure of dissimilarity in relative price structures was suggested by Kravis, Heston,
and Summers (1982, 105)% and R. J. Hill (1999a, 1999b, 2001, 2004). It is essentially a normaliza-
tion of the relative spread between the Paasche and Laspeyres price indexes, and so it is known as the
Paasche-Laspeyres spread (PLS) relative price dissimilarity measure, A, (', p ', ¢?), for which

P P
(5.18) Aps(ph p* g, Z)Emax{—L,—P}—lzo
PLS P p q q PP PL
qul PZ 2
where P, = —— and ITa Thus if P, = P,, the dissimilarity measure defined by (5.18) takes on
) 9

its minimum value of zero. Because P, differs more markedly from P,, the dissimilarity measure
increases and the relative price structures are regarded as being increasingly dissimilar. Diewert
(2009, 184) pointed out a major problem with this measure of relative price dissimilarity; it is pos-
sible for P, to equal P,, and yet p* could be very far from being proportional to p'. The following
two measures of dissimilarity do not suffer from this problem.

Diewert (2009, 207) suggested the following measure of relative price similarity, the
weighted log quadratic (WLQ) measure of relative price dissimilarity, AWLQ( 2505 4" q°), for which

N 2
(5.19) Ayoph 2% 9" ) = z [%j(s; + :f) ln[ 2, )

pu 2l (phph a9t 9?)
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]72 . qlpz . qz %
where P.(p', p* ¢', 9%) = {ﬁ} is the Fisher ideal price index between countries 2
C yC P ' qp ' q
and 1, and s¢ = P:’.qf is the country ¢ expenditure share on commodity 7 for ¢ = 1, 2 and

n=1,...,N.

There is a problem with the dissimilarity measure defined by (5.19) if for some commodity
group 7 either p! or p? equals zero (or both prices equal zero), because in these cases the measure
can become infinite.* If both prices are zero, then commodity group 7 is irrelevant for both coun-
tries and the 7-th term in the summation in (5.19) can be dropped. In the case in which one of
the prices, say p!, equals zero but the other price p? is positive, then it would be useful to have an
imputed PPP or “price” for commodity group 7 in country 1 that will make the final demand vol-
ume for that commodity group equal to zero. This reservation price, say p*, could be approximated

I
L(php% 4 9
I

27 Pepph g )

of (5.19) vanishes. Similarly, in the case in which p? equals zero but the other price p! is positive,

by simply setting p!* equal to . If p! equal to zero in (5.19) is replaced by this

imputed price p'*, then is equal to one, and the 7-th term on the right-hand side

then set the reservation price for the 7-th commodity group in country 2, say p2*, equal to p! P.(p',
Pz*
2L 0% 1)

is equal to one, and the 7-th term on the right-hand side of (5.19) also vanishes in this case. Thus

54" q*). If the zero price p? in (5.19) is replaced by the imputed price p2*, then

if there is a zero “price” for either country for commodity group 7, then the earlier convention for
constructing an imputed price for the zero price leads to dropping the 7-th term on the right-hand
side of (5.19).%7

If prices are proportional for the two countries so that p* = N\p' for some positive scalar X,
then P,(p', p* 4", ¢*) = N, and the measure of relative price dissimilarity APLQ(pl,pz, q', q*) defined
by (5.19) will equal its minimum of zero. Thus the smaller is APLQ( 25 p% 9" 97, the more similar
is the structure of relative prices in the two countries.

The method of spatial linking using the relative price dissimilarity measure defined by (5.19) is
illustrated in the next section.” The shares generated by the minimum spanning tree—not the GEKS
country shares defined by (5.6) in section 5.1—are used to link all of the countries in the comparison.

Diewert (2009, 208) also suggested the following measure of relative price similarity, the weighted
asymptotically quadratic (WAQ) measure of relative price dissimilarity, AWAQ( 2505 4" 7, for which

N 2 2
1 22 1 2\ = l 1 2 2, -
(520) AWAQ(P P99 ) nz;l (zj(sn " S"){ lipri PF(PI)PZ: ql) qz) 1:'

2
KPF(J)EPZ, g qz)pij } }
+ -1
2,

As was the case with the dissimilarity index defined by (5.19), the index defined by (5.20)

will equal plus infinity if one of the prices for commodity group 7, p! or p?, equals zero.” Again, it

is useful to define an imputed price for the zero price to insert into the formula, and a reasonable

convention is to use the same imputed prices that were suggested for (5.19)—that is, if p! = 0, then
2
= &

defi -
() nePn PF(pl’pZ’ ql’ qZ)

, and if p? = 0, then define p>* = p! P, (p', p* 4, 47).

n
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Recently, Rao, Shankar, and Hajarghasht (2010) used the MST method for constructing PPPs
across the member countries of the Organisation for Economic Co-operation and Development
(OECD) based on data for 1996. Relying on the PLS and WAQ dissimilarity measures defined by
(5.18) and (5.20), they compared the resulting spatial chains with the standard GEKS method.
They found some fairly significant differences among the three sets of parities for the 24 countries
in the comparison, with differences in the PPP for a single country of up to 10 percent. Thus the
choice of method does matter, even if the methods of comparison are restricted to multilateral
methods that allow for substitution effects. An interesting aspect of their study is that they found
that when the WAQ was used as the dissimilarity measure as opposed to the PLS, the linking of

the countries was much more intuitive:

As is generally the case with MSTs, there are a number of counter intuitive paths. For
example, Spain and Greece are connected through Portugal, Denmark, USA, UK,
Germany, Switzerland, Austria, Sweden, Italy. Similarly Australia and New Zealand
are connected through the UK, Germany, Switzerland and Austria. Now we turn to
Figure 2 where MST based on relative price distance measure is provided. The links in
WRPD based MST are a lot more intuitive and are consistent with the notion of price
similarity of the countries. For example, Spain, Italy, Portugal, Greece and Turkey
are all connected directly, USA-Canada has a direct link so is the pair Ireland-United
Kingdom. Countries like Sweden, Finland, Iceland, Norway and Denmark are all
connected together. The main conclusion emerging from Figure 2 is that the WRPD
[WAQ)] is a better measure of price similarity than the PLS used in the standard MST
applications. (Rao, Shankar, and Hajarghasht 2010)

Thus it appears that the pattern of bilateral links that emerges when using the MST method
is much more “sensible” when a more discriminating measure of dissimilarity is used in the link-
ing algorithm, as compared with use of the Paasche-Laspeyres spread measure defined by (5.18).
Thus in future applications of the MST method it is recommended that (5.18) not be used as the
dissimilarity measure that is a key input for the MST method.

The narrowing of Paasche-Laspeyres spreads by the use of a spatial chaining method is not
the only advantage of this method of linking countries; there are also advantages at lower levels of
aggregation. If countries similar in structure are compared, generally it will be found that product
overlaps are maximized, and therefore the basic heading PPPs will be more accurately determined

for countries similar in structure:

Many differences in quality and proportion of high tech items ... are likely to be more
pronounced between countries with very different economic structures. If criteria can be
developed to identify countries with similar economic structure and they are compared
only with each other, then it may overcome many of the issues of quality and lowest com-
mon denominator item comparisons. Economically similar countries are likely to have
outlet types in similar proportions carrying the same types of goods and services. So direct
comparisons between such countries will do a better job of holding constant the quality of
the items than comparisons across more diverse countries. (Aten and Heston 2009, 251)

Using the same spanning tree for a number of years would dramatically simplify multi-
lateral international comparisons. Each country would only have to compare itself with
its immediate neighbors in the spanning tree, thus reducing the cost and increasing the
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timeliness of international comparisons. Furthermore, by construction, each country’s
immediate neighbors in the minimum spanning tree will tend to have similar consump-
tion patterns. This may substantially increase the characteristicity of the comparisons.
Geary-Khamis, by contrast, compares all countries using a single average price vector.
In a comparison over rich and poor countries the average price vector may bear little
resemblance to the actual price vectors of many of the countries in the comparison. Con-
versely, EKS uses all possible combinations of bilateral comparisons. This also requires all
countries to provide price and expenditure data on the same set of basic headings, thus
reducing the characteristicity of each comparison. (R. J. Hill 2009, 236-37)

Thus the method of spatial linking, if adopted, would involve some changes to country com-
modity lists. Each country in the minimum spanning tree would be linked to at least one other
country, and so for each bilateral link a list of representative commodities pertaining to that link
would have to be priced by the two countries in the link. If a country was a local “star” country and
linked to several other countries, then the local star country would have to price out a commodity
list that pertained to each pair of bilateral links.

Hill has also pointed out that the basic MST methodology could be adapted to impose a
priori restrictions on possible links between certain countries: “Suppose for example ... we do not
want India to be linked directly with Hong Kong [SAR, China]. This exc/usion restriction can be
imposed by replacing the PLS between India and Hong Kong [SAR, China], in the K x K PLS
matrix, by a large dummy value. ... Similarly, suppose we want Korea to be linked directly with
Japan. This inclusion restriction can be imposed by replacing the PLS measure between Korea and
Japan with a small dummy value. ... This ensures that the corresponding edge is selected” (R. J.
Hill 2009, 237).

Finally, Hill has noted that not all statistical agencies produce data of the same quality, and
that the MST method can be adapted to take this fact into account: “In particular, some countries
have better resourced national statistical offices than others. It would make little sense to put a
country with an under resourced national statistical office at the center of a regional star even if so
specified by the minimum spanning tree” (R. J. Hill 2009, 237).

The MST algorithm can be modified to ensure that countries with under-resourced statistical
offices enter the spanning tree with only one bilateral link to the other countries in the comparison.

To sum up, the advantages of the MST method for making multilateral comparisons are as
follows:

¢ The MST method, using a superlative index number formula for forming bilateral
links, is, like GEKS, consistent with the economic approach to making multilateral
comparisons—that is, it takes into account substitution effects.

* The MST method is likely to lead to a more accurate set of parities than those generated by
the GEKS method, because the bilateral links between pairs of countries are based on com-
parisons between countries with the most similar structures of relative prices—that is, the
MST method is the spatial counterpart to chained annual indexes in the time series context.

¢ The influence of countries with under-resourced statistical agencies can be minimized in
a simple modification of the basic MST method.

There are also some disadvantages to the spatial linking method:

* The method is not as familiar as GEKS and GK, and hence it will be more difficult to
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build up a constituency for its use.

* When compared with GEKS, the method does have some arbitrary aspects in that
(1) different measures of dissimilarity could be used, and there is no universal agreement
at this stage as to which measure is the most appropriate one to use; (2) the treatment of
zero “prices” and “quantities” in the measures of dissimilarity is not completely straight-
forward; and (3) the treatment of countries with under-resourced statistical agencies
is also not completely straightforward, and, moreover, it may prove difficult to decide
exactly which countries are under-resourced.

* The path of bilateral links between countries generated by the method could be
unstable—that is, the minimum spanning tree linking the countries could change
when moving from one cross-sectional comparison between countries to another cross-

sectional comparison.®

As of this writing, spatial linking will not be used in the 2011 ICP. Before the MST method is
widely adopted, it will be necessary to do more experimentation and trial runs using the method.

5.7 An Artificial Data Set Numerical Example

Diewert (1999, 79-84) illustrated the differences between various multilateral methods by con-
structing country PPPs and shares of “world” final demand volumes for a three-country, two-
commodity example. The GEKS, GK, IDB, and MST parities are calculated in this section using
his numerical example.

The price and quantity vectors for the three countries are

(5.21) P=1110 pZE[lo,liO]; » [1—10,10];

[1,2]; ¢>=1[1,100]; ¢°=[1000, 10].

ql

Note that the geometric average of the prices in each country is one, so that average price levels
are roughly comparable across countries, except that in country 2 the price of commodity 1 is very
high and the price of commodity 2 is very low, and vice versa for country 3. As a result of these
price differences, in country 2 consumption of commodity 1 is relatively low and consumption of
commodity 2 is relatively high, and vice versa in country 3. Country 1 can be regarded as a tiny
country, with total expenditure (in national currency units) equal to three; country 2 is a medium
country with total expenditure equal to 20; and country 3 is a large country with expenditure
equal to 200.

The Fisher (1922) quantity index Q ;can be used to calculate the volume Q* of elach country 4
WT for k- 2,3.
p] . qlp/e . ql

Set Q' equal to 1.0, thereby determining Q2 and Q. These volumes using country 1 as the base or

5
relative to country 1—that is, calculate % as Q. (p, ph g, ¢hH = [

star country are reported in the Fisher 1 column of table 5.1. In a similar manner, taking country
2 as the base, use the Fisher formula to calculate Q', Q? = 1, and Q°. Then divide these numbers
by Q' thereby obtaining the numbers listed in the Fisher 2 column of table 5.1. Finally, taking
country 3 as the base, use the Fisher formula to calculate Q', Q2 and Q? = 1. Then divide these
numbers by Q' and obtain the numbers listed in the Fisher 3 column of table 5.1. Ideally, these
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TABLES.] Fisher Star, GEKS, GK, and IDB Relative Volumes for Three Countries

e
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Note: GEKS = Gini-Eltetd-Kdves-Szulc; GK = Geary-Khamis; IDB = Iklé-Dikhanov-Balk.

Fisher star parities would all coincide, but because they do not, take their geometric mean and
obtain the GEKS parities listed in the fourth column of table 5.1. Thus for this example, the GEKS
economic approach to forming multilateral quantity indexes leads to the volumes of countries 2
and 3 being equal to 7.26 and 64.81 times the volume of country 1.%!

Turning to the spatial linking method, one can see that country 1 has the price structure
most similar to those of both countries 2 and 3—that is, countries 2 and 3 have the most dissimilar
structure of relative prices.** Thus in this case, the spatial linking method leads to the Fisher star
parities for country 1—that is, the spatial linking relative outputs are given by the Fisher 1 column
in table 5.1. Note that these parities are reasonably close to the GEKS parities.

The GK parities for P* and r, can be obtained by iterating between equations (5.7) and (5.8)
until convergence has been achieved.” Once these parities have been determined, Q* can be deter-

mined using equations (5.10). These country volumes are then normalized so that Q' = 1. The resulting
3
parities are listed in the GK column in table 5.1. The GK parity for %, 57.35, is reasonable, but the
2
parity for g, 47.42, is much too large to be reasonable from an economic perspective. The cause of
Ql

this unreasonable estimate for Q? is the fact that the GK international price vector, [r,, m,], is equal
to [1, 9.00] so that these relative prices are closest to the structure of relative prices in country 3, the
large country. Thus the relatively large consumption of commodity 2 in country 2 receives an unduly
high price weight using the GK vector of international reference prices, leading to an exaggerated
estimate for its volume, Q2. This illustrates a frequent criticism of the GK method: the structure of
international prices to which it gives rise is “biased” toward the price structure of the biggest countries.

The IDB parities for this numerical example are now calculated to determine whether the
method can avoid the unreasonable results generated by the GK method. The parities for P* and
7, can be obtained by iterating between equations (5.13) and (5.14) until convergence has been
achieved.* Once these parities have been determined, the Q* can be determined using equations
(5.10). These country volumes are then normalized so that Q' = 1. The resulting parities are listed

2
in the IBD column in table 5.1. The GK parity for %is 33.67, which is well outside the suggested

reasonable range (from the viewpoint of the economic approach) of 5-9, and the GK parity for
3

ol is 336.7, which is well outside the suggested reasonable range of 50-90. What is the cause
of these problematic parities?

The problematic IDB volume estimates are not caused by an unrepresentative vector of
international prices, because the IBD international price vector, [r,, ,], is equal to [1, 1], which
in turn is equal to the vector of (equally weighted) geometric mean commodity prices across
countries. The problem is that no additive method can take into account the problem of declin-
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ing marginal utility as consumption increases if three or more countries are in the comparison.
Thus the IBD vector of international prices © = [1, 1] is exactly equal to the country 1 price vector
p' =11, 1], and so the use of these international prices results in an accurate volume measure for
country 1. But the structure of the IBD international prices is far different from the prices facing

11—0] The very low relative price for

commodity 2 leads consumers to demand a relatively large amount of this commodity (100 units),

consumers in country 2, where the price vector is p? = [10,

and the relatively high price for commodity 1 leads to a relatively low demand for this commod-
ity (1 unit). Thus at international prices, the output of country 2 is ng?, which is equal to 101,
as compared with its nominal output p?4?, which is equal to 20. The use of international prices
therefore overvalues the output of country 2 relative to country 1 because the international price

of commodity 2 is equal to 1, which is very much larger than the actual price of commodity 2 in
2
country 2 (which is L) Note that gz is equal to Tq _101 _ 33.67, an estimate that fails to
10 Q g 3

take into account the declining marginal utility of the relatively large consumption of commodity
2 in country 1. A similar problem occurs when the outputs of countries 1 and 3 are compared using
international prices, except in this case the use of international prices tremendously overvalues
country 3’s consumption of commodity 1. The problem of finding international reference prices
that are “fair” for two country comparisons can be solved,” but the problem cannot be solved in
general if three or more countries are being compared, as was seen in section 5.5.

The tentative conclusion at this point is that additive methods for making international price
and quantity comparisons in which there are tremendous differences in the structure of prices and
quantities across countries are likely ro give rather different answers than methods based on economic
approaches. For this reason, it is important that the International Comparison Program provide
two sets of results—one set based on a multilateral method such as GEKS or MST that allows for
substitution effects and another set based on an additive method such as GK or IDB. Users then
can decide which set of estimates to use in their empirical work based on whether they need an
additive method (with all of its desirable consistency in aggregation properties) or whether they
need a method that allows for substitution effects.

5.8 Conclusion

This chapter discusses four multilateral methods for constructing PPPs and relative volumes for countries
in a region. Two of the methods are additive: the Geary-Khamis method and the Iklé-Dikhanov-Balk
method. Additive methods are preferred by many users because the components of real GDP add up
across countries and across commodities when an additive multilateral method is used.

Which additive method is “best”? The axiomatic properties of the IDB and GK systems are
very similar, and so it is difficult to discriminate between the two methods based on their axiomatic
properties. The main advantages of the IDB method are as follows:

¢ The IDB international prices are not as influenced as the GK international prices by the
structure of relative prices in the biggest countries in the region—that is, the IDB method
is more “democratic” than the GK method in its choice of international prices.

* From evidence presented by Deaton and Heston (2010) using the 2005 ICP database, it
appears that the IDB parities are closer to the GEKS parities than the GK parities. Thus
the IDB method may have the advantage that it is an additive method that does not
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depart too far from the parities generated by the GEKS method.
The main advantages of the GK system are as follows:

* The GK system has been used widely in previous ICP rounds, and so users are familiar
with the method and may want to continue to use the results of this method.

* The GK system is similar in some ways to the construction of national accounts data
when quantities are aggregated over regions, and thus GK estimates may be regarded as

a reasonable extension of countrywide national accounts to the world.

The other two methods discussed in this chapter are the GEKS method and the minimum
spanning tree method of similarity or spatial linking developed by R. J. Hill using Fisher ideal
indexes as basic bilateral building blocks. These two methods can be regarded as being consistent
with an economic approach to a multilateral method—that is, these methods deal adequately
with substitution behavior on the part of the purchasers of a country’s outputs. The spatial linking
method was not used in the 2005 ICP, but it has some attractive features, which were discussed
in section 5.6.
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ANNEX

The Properties of the lklé-Dikhanov-Balk
Multilateral System

Multilateral index number theory is much more complicated than bilateral index number
theory. Thus a rather long annex is required to investigate the axiomatic and economic proper-
ties of the IDB multilateral system, particularly when some prices and quantities are allowed
to be zero.?’

There are many equivalent ways of expressing the equations that define the IDB pari-
ties. Section 5A.1 lists the alternative systems of equations that can be used to define the
method. Section 5A.2 provides proofs of the existence and uniqueness of solutions to the IDB
equations. Section 5A.3 considers various special cases of the IDB equations. When there are
only two countries so that K = 2, a bilateral index number formula is obtained, and this case is
considered along with the case in which N = 2, so that there are only two commodities. These
special cases cast some light on the structure of the general indexes. Finally, section 5A.4 explores
the axiomatic properties of the IDB method, and section 5A.5 looks at the system’s economic
properties.

Throughout this annex it is assumed that the number of countries X and the number of
commodities V is equal to or greater than two.

5A.1 Alternative Representations
5A.1.1 The P%, =, Representation

The basic data for the multilateral system are the prices and quantities for commodity 7 in country
k at the basic heading levels p* and ¢*, respectively, for n=1, ..., Nand £ =1, ..., K, where the
number of basic heading categories Vis greater than or equal to two and the number of countries K
is greater than or equal to two. The N x 1 vectors of prices and quantities for country 4 are denoted
by p* and ¢*, and their inner product is p*4* for £ =1, ..., K. The share of country  expenditure

bk
oncommoditynisdenotedbyst%for/e: 1,....,Kandn=1,..., N.
rq

It is assumed that for each 7 and £, either p%, 4%, and s* are all zero or p¥, ¢*, and s* are all posi-
tive. Thus the possibility that some countries do not consume all of the basic heading commodities
is taken into account. This factor complicates the representations of the equations because division
by zero prices, quantities, or shares leads to difficulties and complicates proofs of existence.* For

now, the following assumptions are made:

Assumption 1: For every basic heading commodity 7, there exists a country 4 such that p¥, 4%,
and s are all positive so that each commodity is demanded by some country.

Assumption 2: For every country k, there exists a commodity 7 such that p#, ¢%, and s are all
positive so that each country demands at least one basic heading commodity.

In section 5A.1, these assumptions will be strengthened to ensure that the IDB equations have
unique, positive solutions.
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Recall that the IDB multilateral system was defined by the Dikhanov equations (5.13) and
(5.14), plus one normalization such as (5.9). Taking into account the division-by-zero problem,
these equations can be rewritten as®

3
(5A.1) e

nnzi; ﬂ=1,...,N
ZK‘ Eph
[k_l [qukJ:|
and
kb
(5A.2) O S SR
nq
where 7 is a vector whose components are 7t , ..., Ty

Under assumptions 1 and 2, equations (5A.1) and (5A.2) will be well behaved even if some
pFand g are zero. Equations (5A.1) and (5A.2) (plus a normalization on the P* or mr, suchas P! = 1
or 7, = 1) provide the second representation of the IDB multilateral equations.™

To find a solution to equations (5A.1) and (5A.2), one can start by assuming that« = 1, a vector
of ones, and then use equations (5A.2) to determine a set of *. These /* can then be inserted into equa-
tions (5A.1) to determine a new m vector. This new 7 vector can in turn be inserted into equations (5A.2)

to determine a new set of 7%, and so on. The process can be continued until convergence is achieved.

5A.1.2 An Alternative P% =, Representation using
Biproportional Matrices

Equations (5A.1) and (5A.2) can be rewritten as

K K
(5A.3) 2ttt m P =Y m=1,..,N
k=1 j=1
and
N N
(5A.4) Yatptg ] P =Y s = 1 k=1, K
n=1 n=1

Define the N x K'normalized quantity matrix A, which has element z,, in row 7 and column £ where

k
qn'
ko k’

rq

n=1,...,N;k=1,..., K

(5A.5) a,,

Define the N x K expenditure share matrix S, which has the country £ expenditure share for
k

n

commodity 7, s* in row 7 and column 4. Let 1, and 1, be vectors of ones of dimension /N and X,

respectively. Then equations (5A.3) and (5A.4) can be written in matrix form as’!
(5A.6) rAP=S1,
and

(5A.7) AP=1]S
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where n =[x, ..., m,] is the vector of IDB international prices, P = [P', ..., P¥] is the vector of IDB
country PPPs, 7t denotes an NV x N diagonal matrix with the elements of the vector m along the main
diagonal, and Pdenotes an K x K diagonal matrix with the elements of the vector P along the main
diagonal. There are /V equations in (5A.6), and K equations in (5A.7). However, examination of (5A.6)
and (5A.7) reveals that if N + K - 1 of these equations is satisfied, then the remaining equation is also
satisfied. Equations (5A.6) and (5A.7) are a special case of the biproportional matrix fitting model from
Deming and Stephan (1940) in the statistics context and from Stone (1962) in the economics context
(the RAS method). Bacharach (1970, 45) studied this model in great detail and provided rigorous con-
ditions for the existence of a unique positive wr, Psolution set to (5A.6), (5A.7), and a normalization such
as ' = 1 or; = 1.2 In section 5A.1, Bacharach’s analysis is used to provide simple sufficient conditions
for the existence and uniqueness of a solution to equations (5A.6) and (5A.7) (plus a normalization).
To find a solution to (5A.6) and (5A.7), one can use the procedure suggested at the end
of section 5A.1.1, because equations (5A.1) and (5A.2) are equivalent to (5A.3) and (5A.4).%
Experience with the RAS method has shown that this procedure tends to converge quite rapidly.

5A.1.3 The Q% n, Representation

The previous representations of the IDB system are in terms of a system of equations involving the
N international reference prices, n,, and the K country PPPs, P*. It is useful to substitute equations

bk
(5.8) in the main text. In those equations, Q* = [;)—f defines the country volumes or aggregate

quantities Q* in terms of the country 4 price and quantity vectors (p* and ¢*) and the country 4
aggregate PPP, (P*) into equations (5A.1) and (5A.2) in order to obtain the following representa-
tion of the IDB multilateral system in terms of the Q*and the =,

>

(5A.8) nnzﬁ; n=1,..., N
5[]
and
(5A.9) Q'=ng k=1,...,K

A normalization such as Q' = 1 or &, = 1 needs to be added to obtain a unique positive solu-
tion to (5A.8) and (5A.9).>* A biproportional iteration process could be set up to find a solution
to equations (5A.8) and (5A.9) along the lines suggested at the end of section 5A.1.1, except that
now the Q* are determined rather than the P~

5A.1.4 The Q¥ Representation

If equations (5A.8) are substituted into equations (5A.9), the following K equations are obtained,

involving only the country volumes, Q', ..., Q%
o[ [ d]s
(5A.10) Q=) s k=1,..,K

jleE=Ey
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A normalization such as Q' = 1 on the Q* is required to obtain a unique solution. It also can
be seen that the K equations (5A.10) are not independent—that is, if both sides of equation # in
(5A.10) are divided by Q* for each 4 and then the resulting equations are summed, the identity K
equals Kis obtained, using the fact that >V s* = 1 for each k. Thus once any K - 1 of the K equa-
tions in (5A.10) is satisfied, the remaining equation is also satisfied.

Equations (5A.10) can be used in an iterative fashion to obtaina Q', ..., Q¥ solution—that
is, make an initial guess at these volume parities and calculate the right-hand side of each equation
in (5A.10). This will generate a new set of volume parities that can then be normalized to satisfy,
say, 2K Q* = 1. Then these new volume parities can again be inserted into the right-hand side of
equations (5A.10), and so on.”

5A.1.5 The P* Representation

k ok

rq

P/e

If equation Q* = is substituted into equations (5A.10), the following K equations involving

only the country PPPs, P!, ..., PX are obtained:

o)

Pl 1 PKK ’
(pl—ql)‘f'-..‘i'(ﬁ(j

As usual, a normalization such as P! = 1 on the P* is needed to obtain a unique solution.

M=

(5A.11) (PH1 =

3 eeey

n

The K equations (5A.11) are not independent—that is, if both sides of equation 4 in (5A.11) are
multiplied by P* for each # and then the resulting equations are summed, the identity K equals K
is obtained, using the fact that .V, s* = 1 for each k. Thus once any K - 1 of the K equations in
(5A.11) are satisfied, the remaining equation is also satisfied.

Equations (5A.11) can be used iteratively to find a solution in a manner similar to the
method described at the end of section 5A.1.4.

Equations (5A.10) and (5A.11) are difficult to interpret at this level of generality, but when
the axiomatic properties of the method are studied, it will be seen that the IDB parities have good
axiomatic properties.

5A.1.6 The n, Representation

Finally, substitute equations (5A.2) into equations (5A.1) to obtain the following system of
N equations that characterize the IDB international prices 7,

K k K
(5A.12) Z{n”qﬂ}:zvvf; n=1,...,N.

%
=1 9 k=1

Equations (5A.12) are homogeneous of degree zero in the components of the m vector, and
so a normalization such as 7, = 1 is required to obtain a unique positive solution. If the NV equations
in (5A.12) are summed, the identity K equals K is obtained, and so if any N - 1 of the /V equa-
tions in (5A.12) are satisfied, then so is the remaining equation.
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Equations (5A.12) can be rewritten as

3

(5A.13) ==L o1, N

" K

qle

k=1

ng*
Equations (5A.13) can be used iteratively in the usual manner to obtain a solution to
equations (5A.12).
Equations (5A.12) have an interesting interpretation. Using the international reference
prices ., define country #’s expenditure share for commodity 7 using these international prices as

k
(5A.14) o=t p1 L Kin=1,..., N

5
ng*

Substituting (5A.14) into (5A.12) leads to
K K
(5A.15) dYot=Ysk n=1,.., N

Thus for each basic heading commodity group 7, the international prices n, are chosen by the IDB
method to be such that the sum over countries” expenditure shares for commodity 7 using the interna-

X okis equal to the corresponding sum over countries expenditure shares using
k

domestic prices in each country, 3. s, and this equality holds for all commodity groups 7.

tional reference prices 2.

5A.2 Conditions for the Existence and
Uniqueness of Solutions to the IDB Equations

The biproportional matrix representation explained in section 5A.1.2 is used to find conditions for
positive solutions to any set of the IDB equations.”’

Bacharach (1970, 43-59) provided very weak sufficient conditions for the existence of a
strictly positive solution =, ..., my, P!, ..., P¥ to equations (5A.3) and (5A.4), assuming that
assumptions 1 and 2 also hold. His conditions involve the concept of matrix connectedness. Let
Abean N x K matrix. Then Bacharach (1970, 44) defines A to be disconnected if after a possible
reordering of its rows and columns it can be written in block rectangular form as

Ar/x/e Onx(l(—k)
(5A.16) A= |: 0 4

(N-n)xk (N=-n)x(K-k)

where 1<n<N,1<k<K A, and A, are submatrices of A of dimension 7 x kand N - n x K-
k, respectively, and 0, , and O, are 2 x K- kand N -  x K - k matrices of zeros. As Bacharach
(1970, 47) noted, the concept of disconnectedness is a generalization to rectangular matrices of the con-
cept of decomposability, which applies to square matrices. Bacharach (1970, 47) defined 4 to be con-
nected if it is not disconnected (this is a generalization of the concept of indecomposibility, which applies
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to square matrices). Bacharach (1970, 47-55) went on to show that if the matrix A defined by (5A.5) is
connected, assumptions 1 and 2 hold, and if a normalization such as 7, = 1 or P! = 1 is added to equa-
tions (5A.3) and (5A.4), then these equations provide a unique positive solution that can be obtained by
using the biproportional procedure suggested at the end of section 5A.1.1, which will converge.

It is useful to have somewhat simpler conditions on the matrix 4 defined by (5A.5), which
will imply that it is connected. Either of the following two simple conditions will imply that 4 is
connected (and thus these are sufficient conditions for the existence of unique positive solutions
to any representation of the IDB equations):

Condition 1: There exists a commodity 7 that is demanded by all countries—that is, there
exists an 7 such that !> 0 for k=1, ..., K.

Condition 2: There exists a country 4 that demands all commodities—that s, there exists a
ksuch thaty*>0forn=1,..., V.

Conditions 1 and 2 are easy to check. They will be used in the following section.

5A.3 Special Cases

In this section, some of the general /Vand K representations of the IDB equations are specialized
to cases in which the number of commodities /V or the number of countries K'is equal to two.

5A.3.1 The Two-Country, Many-Commodity Quantity Index Case

Suppose that the number of countries K'is equal to two. Set the country 1 volume equal to one so
that Q' equals one and the first equation in (5A.10) becomes

(5A.17)

(%)

Equation (5A.17) is one equation in the one unknown Q2 and it implicitly determines Q.
? can be interpreted as a Fisher-type bilateral quantity index, Q,3(p', p% ¢', ¢%), in which p*

N
[+
2

and ¢* are the price and quantity (or more accurately, volume) vectors for country 4. Thus in what
follows in the remainder of this section, Q? is replaced by Q.

At this point, assume that the data for country 1 satisfy condition 2 (so that ¢', p', and s'
are all strictly positive vectors), which guarantees a unique positive solution to (5A.17). With this
condition, the quantity relatives , are well defined as

qz
(5A.18) r=-2>0;, n=1,...,N.
q

Assumption 2 implies that at least one quantity relative 7, is positive. Because each g}, is positive
and letting Q equal Q% (5A.17) can be rewritten using definitions (5A.18) as™

(5A.19) ﬁ L] - 1L
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Now define the vector of quantity relatives 7as [r,, ..., 7,]. Then the function on the left-hand side
of (5A.19) can be defined as F(Q, 7, s', s?), where s* is the expenditure share vector for country £
for £ =1, 2. Note that F(Q, r, 5!, s?) is a continuous, monotonically increasing function of Q for
Q positive. It is assumed that the components of ¢' and thus s' are all positive. Now compute the
limits of F(Q, 7, 5', s?) as Q tends to plus infinity:

N
(5A.20) limg,, FQ, s, s7) =) [Sn‘ + 53] =2.
n=1

To compute the limit of F(Q, 7, 5!, s?) as Q tends to zero, two cases must be considered. For the
first case, assume that both countries consume all commodities so that g% >> 0, (this is in addition
to the earlier assumption that ¢' >> 0,). In this case, it is easy to verify that

(5A.21) lim,,_, F(Q, 7,5, 5?) = 0.

For the second case, assume that one or more components of 4” are zero, and let N* be the set of
indexes 7 such that g2 equals zero. In this case,

(5A.22) lim, ,, F(Q, 7,5, 5°) = 2 sh<1

neN*

where the inequality in (5A.22) follows from the fact that it is assumed that all s} are positive and
the sum of all s} is one.

The fact that F(Q, 7, s', s?) is a continuous, monotonically increasing function of Q along
with (5A.20)—(5A.22) implies that a finite positive Q solution to the equation F(Q, 7, s, s?) = 1
exists and is unique. Denote this solution as

(5A.23) Q= G(r, s, 5?).

Now use the implicit function theorem to show that G(», s, s?) is a continuously differen-
tiable function that is increasing in the components of 7. Thus

Aoy L {1 ) (Véﬂ K

(5A.24) 5 = >0; n=1,...,N
7, N 2
{Z [Jl_l + sf:l |:l + (%ﬂ 7’1}

where Q satisfies (5A.23). However, the inequalities in (5A.24) do not imply that the IDB bilateral
index number formula Q,p,(p', p? ¢', g?) is increasing in the components of 4% and decreasing in

the components of ¢'. The derivatives in (5A.24) were calculated under the hypothesis that 7, equal
2

qﬂ

to —= increased, but the share vectors s' and s? were held constant as 7, was increased. In fact, it

is not the case that Q,(p", p% ¢, ¢°) is globally increasing in the components of ¢? and globally
decreasing in the components of ¢'.*

It is clear that Qp5(p', p% ¢'s ¢7) satisfies the identity test—that is, if ' = ¢? so that all
quantity relatives 7, equal one, then the only Q that satisfies (5A.19) is Q = 1. It is also clear that if

g% =Ng"' for A > 0, then Q (2", p% ¢', Ng') = N9
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2
Define a = 0 as the minimum over 7 of the quantity relatives 7, = # and define B > 0 as

n
the maximum of these quantity relatives. Then using the monotonicity properties of the function

F(Q, 7, 5", s?) defined by the left-hand side of (5A.19), it can be shown that

(5A.25) a < Quy(phph g, 9% <B

with strict inequalities in (5A.25) if the 7, are not all equal. Thus the IDB bilateral quantity index
satisfies the usual mean value test for bilateral quantity indexes.®!

It is possible to develop various approximations of Qp5(p", 2% ¢', ¢?) that cast some light
on the structure of the index. Recall that (5A.19) defined Q) in implicit form. This equation can

be rewritten as a weighted harmonic mean equal to two:

(5A.26) {ﬁl w, [1 N (V_Q"ﬂl}L 2

where the weights w, in (5A.26) are defined as
_(1
(5A.27) wn=(5j(§;+53); n=1,...,N

Now approximate the weighted harmonic mean on the left-hand side of (5A.26) by the corresponding
weighted arithmetic mean to obtain the following approximate version of equation (5A.26):

5A.28 wll+[2])=2
GA-28) [ (Qﬂ

Using the fact that the weights w, sum up to one, (5A.28) implies that Q = Q,p;, is approximately
equal to the following expression:

s oo S0 (2]E]

If the weighted arithmetic mean on the right-hand side of (5A.29) is further approximated by the

corresponding weighted geometric mean, then Q,,(r, w) is approximately equal to

(5A.30) Quonlrs w) =11 7= Q)

where Q. is the logarithm of the Térnqvist Theil quantity index defined asIn Q=" w, Inr,
If all of the quantity relatives 7, are equal to the same positive number, say A, then the approxima-
tions in (5A.28)—(5A.30) will be exact, and under these conditions, where 4* is equal to A 4", then
the following equalities will hold:

(5A.31) Qs @) = Q 7 (A, w) = A

In the more general case, where the quantity relatives r, are about equal to the same positive
number so that ¢? is approximately proportional to ¢', then the Térnqvist Theil quantity index
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Q (r,w) will provide a good approximation of the implicitly defined IDB quantity index, Q,,( w).%

However, in the international comparison context it is frequently the case that quantity vectors are

far from proportional, and in this nonproportional case can be rather far from Q;and other
prop prop IDB T

superlative indexes such as Q  as was seen earlier in section 5.7 of the main text.

5A.3.2 The Two-Country, Many-Commodity Price Index Case

Again, suppose that the number of countries K'is equal to two. Set the country 1 PPP, P!, equal to
one and the first equation in (5A.11) becomes

1
(s} +sD) ?”1
?q

(5A.32) D G |
e
r'q ) \»'q’

Equation (5A.32) is one equation in the one unknown P? (the country 2 PPP), and it implic-

itly determines P2. P* can be interpreted as a Fisher-type bilateral price index, P,(p", p% 4", 47),
where p* and ¢* are the price and quantity vectors for country 4. Thus in what follows, P2 will be
replaced by P.

Again, it is assumed that the data for country 1 satisfy condition 2 (so that p', ¢', and s" are all
strictly positive vectors), which guarantees a unique positive solution to (5A.32). It is convenient
to define the country # normalized quantity vector #* as the country # quantity vector divided by
the value of its output in domestic currency, pg":

k
(5A.33) w=1

s k=1,2.
r'qt

Because ¢' is strictly positive, so is #'. Hence definitions (5A.33) can be substituted into (5A.32)
to obtain the following equation, which implicitly determines P2 = P = P

N sl s N shy 2
(5A.34) z I: ”2 ”:| 1,1 = Z [”7”} :
=1 9.\ P9 =1 u,
@ )
qﬂ p qz ur/
2
Definer, = u—’; forn=1,..., Nand rewrite Pas iQ Equation (5A.34) then becomes equation

(5A.19) in the previnous section, and so the analysis surrounding equations (5A.19)—(5A.25) can
be repeated to give the existence of a positive solution P (7 s', s?) to (5A.34), along with some of
the properties of the solution.

Equation (5A.34) can be used to show that the IDB bilateral price index P, which is the
solution to (5A.34), regarded as a function of the price and quantity data pertaining to the
two countries, Pipy(p', p?, 9", g7, satisfies the first 11 of the 13 bilateral tests listed in Diewert
(1999, 36).% It fails only the monotonicity in the components of p' and p? tests—that is, it
is not necessarily the case that P,,(p', p% ¢', ¢°) is decreasing in the components of p' and
increasing in the components of p?. Thus the axiomatic properties of the IDB bilateral price
index are rather good.
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The bounds on the IDB bilateral quantity index given by (5A.25) do not have exactly
analogous price counterparts. To develop counterparts to the bounds (5A.25), it is convenient to
assume that all of the price and quantity data pertaining to both countries are positive. Under these
conditions, the /V implicit partial price indexes p, can be defined as

re| |7
7. | |2'q"
(5A.35) = === n=1,...,N.

p n b
a4
9, q,
2.2

An implicit bilateral price index is defined as the value ratio, %, divided by a quantity index,
rq

say Q(p', p% q', 4%), where Q is generally some type of weighted average of the individual
2 2
quantity relatives, q—nl Thus each quantity relative, q—”l, can be regarded as a partial quantity

index, and hence the corresponding implicit quantity index, which is the value ratio divided
by the quantity relative, can be regarded as an implicit partial price index. Substitution of
definitions (5A.35) into (5A.34) leads to the following equation, which implicitly determines
P equal to Ppy(p', p% 9" 97):

(5A.36) R S T G

Define o as the minimum over 7 of the partial price indexes p,, and define 8 as the maxi-
mum of these partial price indexes. The monotonicity properties of the function defined by the
left-hand side of (5A.36) can then be used to establish the following inequalities:

(5A.37) o< Poy(p' 2% 4 ) < B
with strict inequalities in (5A.37) if the p, are not all equal.

An approximate explicit formula for P, can be readily developed. Recall that (5A.36) defined
Py in implicit form. This equation can be rewritten as a weighted harmonic mean equal to two:

(5A.38) {ﬁl w, {1 " (pﬁﬂl}l -2

where the weights w, in (5A.37) are the average expenditure shares, 1 [s) +s2 ] forn=1,..., N.

Now approximate the weighted harmonic mean on the left-hand side of (5A.37) by the corre-
sponding weighted arithmetic mean to obtain the approximate version of equation (5A.26):

(5A.39) Y w, [1 + (pﬁ)} =2.

n=1
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In view of the fact that the weights w, sum up to one, (5A.39) implies that P = P,; is approximately
equal to

CR ) X

wherep = [p,,..., pyland w = [w,, ..., w,]. Thus the IDB bilateral price index 2, is approximately

equal to a weighted harmonic mean of the /V partial price indexes p, defined earlier by (5A.35).%

5A.3.3 The Many-Country, Two-Commodity Case

Consider the case in which there are K countries but only two commodities so that /V = 2. Recall
that equations (5A.2) and (5A.9) determine the IDB country PPPs, P, and the country volumes,
Q% in terms of the country price and quantity vectors, p* and ¢*, and a vector of international
reference prices, n = [n,, ..., m,]. Thus once © is determined, * and Q* can be readily determined.
In this section, it is assumed that NV = 2 so that there are only two commodities and K countries.
To ensure the existence of a solution to the IDB equations, it is assumed that commodity 1 is
consumed by all countries:

(5A.41) gt>0; k=1,...,K
The first international prices will be set equal to one:
(5A.42) =1

Equations (5A.12) determine =, but because N equals two, the second equation in (5A.12) can be
dropped. Using the normalization (5A.42), the first equation in (5A.12) becomes

K K
- k
(5A.43) Z g %] 2

which determines the international price for commodity 2, m,.
Using assumptions (5A.41), the country # commodity relatives R* (the quantities of com-
modity 2 relative to 1 in country £) are well defined as

(5A.44) R=L50. kol K

Assumption 1 implies that at least one quantity relative R* is positive. Because each g¥ is
positive, (5A.43) can be rewritten using definitions (5A.44) as®

K

(5A.45) F(n, Rs) =Y,

s
k=1 [1 + TCsz] 2 !
where s, is defined to be the sum over countries 4 of the expenditure share of commodity 1 in coun-
try 4, s£.% Define the vector of country quantity relatives R as [R', ..., R¥]. Then the function on
the left-hand side of (5A.45) can be defined as F(r,, R, s5,).¢” Note that F(r,, R, 5,) is a continuous,
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monotonically decreasing function of m, for , positive, because the R* are nonnegative with at least
one R* positive. Now compute the limits of F(r,, R, 5,) as T, tends to zero:

K
(5A.46) lim,_o F(m, Rs) = K> Y st=s,.
k=1

,—0

To compute the limit of F(n,, R, s,) as m, tends to plus infinity, consider two cases. For the
first case, assume that all countries consume both commodities so that R >> 0,. Using the defini-
tion in (5A.45), the following inequality is obtained:

K
(5A.47) lim, . F(m, Rs)=0<Y s=s,.

T,—>+0e0
k=1

For the second case, assume that one or more components of R are zero, and let K* be the
set of indexes 4 such that R* equals zero. In this case, the following limit is obtained:

K
(5A.48) lim,_,_ Fm, R s) =) si<Yst=s.
k=1

kE K*

The fact that A(r,, R, s,) is a continuous, monotonically decreasing function of n, along
with (5A.46)—(5A.48) implies that a finite positive w, solution to equation (5A.45) exists and is
unique. Denote this solution as 7, = G(R, s,). It is straightforward to verify that G is decreasing in
the components of R and decreasing in s,.

Suppose that all country quantity relatives R* are positive, and define & and B to be the mini-
mum and maximum over £, respectively, of these quantity relatives. Then it is also straightforward
to verify that 7, satisfies the following bounds:®®

ERMCE

(5A.49) B <m, <

k
. . . 2 ..
Thus if all of country quantity relatives R* = q—k are equal to the same positive number A, then the

N

In the case in which prices and quantities are positive across all countries (so that all R* are

bounds in (5A.49) collapse to the common value

positive), it is possible to rewrite the basic equation (5A.45) in a more illuminating form as

K K
(5A.50) ORI ypu——




MeTHODS OF AGGREGATION ABOVE THE Basic HeaDING LEVEL wiTHIN ReGioNs

Equation (5A.50) shows that the , that solves the equation is a function of the K country share

vectors, ', . . ., s (each of which is of dimension 2), and the vector of K country price relatives,
2 2

|:p—11, ceos &f:| If all of these country price relatives are equal to a common ratio, say \ > 0, then the
1 ya

solution to (5A.53) is m, = \. In the case in which all of these country price relatives are positive,
let o and B’ be the minimum and maximum over 4, respectively, of these price relatives. Then it
is straightforward to verify that , satisfies the following bounds:

(5A.51) a*<m, < B

5A.3.4 The Two-Country, Two-Commodity Case

In this section, it is assumed that K = 2 (two countries) and that /V = 2 (two commodities). In
this case, it is possible to obtain an explicit formula for the country 2 volume Q? relative to the
country 1 volume Q', which is set equal to one—that is, it is possible to obtain an explicit formula
for the IDB bilateral quantity index, Q% = Q = Qp5(p", p% ¢', g?). The starting point for this
case is equation (5A.17), which determines Q implicitly. In the case in which V equals two, this

equation becomes

[aa)a | JL0-s)- (=)

&) | Lz

As usual, it is assumed that the data for country 1 are positive so that ¢; > 0 and ¢} > 0. Thus the

n
two quantity relatives, 7, = q—zn for n = 1, 2, are well-defined nonnegative numbers. It is assumed
1

that at least one of the relatives 7, and 7, are strictly positive. Substitution of these quantity relatives

(5A.52)

into (5A.52) leads to the following equation for Q:

[i-]Q] JL0-)+(0-))e|

(5A.53) +

)| ] |7

This equation simplifies into the following quadratic equation:”
(5A.54) Q2+[;i+5?_ 1][’2_71]Q_7172:0'

In the case in which both 7, and , are positive, there is a negative and a positive root for (5A.54).
The positive root is the desired bilateral quantity index, and it is equal to

(5A.55) Qup' 44 = {3 ) - 10, )

1

+ (%) [(si +s5i- 1) (r,- )+ 4rlrz]5.

2

Now suppose that 7, = q—i =0 so that g} > 0 and ¢? = 0. Then s? = 0 as well. Using (5A.54),
9

5459 Q-[1-4-[1-41[ %]

2
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Equation (5A.56) makes sense in the present context. Recall that Q is supposed to reflect
the country 2 volume or average quantity relative to country 1. If, as a preliminary estimate of this
relative volume, Q is set equal to the single nonzero quantity relative 7,, then this would overesti-
mate the average volume of country 2 relative to 1 because country 2 has a zero amount of com-
modity 1 while country 1 has the positive amount g;. Thus 7, is scaled down by multiplying it by
one minus country 1s share of commodity 1, s}. The bigger this share, the more the preliminary

volume ratio 7, is downsized.
2

Now suppose that 7, = }/—21 = 0 so that g} > 0 and ¢ = 0. Then if s? = 1, and using (5A.54),
)
a4
(5A.57) Q=sri=[1-s]) or
1

Again, equation (5A.57) makes sense in the present context. If Q is set equal to the single non-
zero quantity relative 7, then this would overestimate the average volume of country 2 relative to
1 because country 2 has a zero amount of commodity 2 while country 1 has the positive amount
5. Thus scale down 7, by multiplying it by one minus country 1’s share of commodity 2, s,. The
bigger this share, the more the preliminary volume ratio 7, is downsized.

Two other special cases of (5A.54) are of interest. Consider the cases in which the following
conditions hold:

(5A.58) r=7,
and
(5A.59) st+s?=1.

If either of these two special cases holds, then Q equals (r,7,) 2, the geometric mean of the two quan-
tity relatives. This first result is not surprising because this result is implied by the earlier V com-
modity results for two countries—see (5A.25). The second result is more interesting. If (5A.59)
holds so that the sum of the two country expenditure shares on commodity 1 is equal to one, then
the sum of the two country expenditure shares on commodity 2 is also equal to one—that is, it is
also the case that s} + s# = 1 and the IDB quantity index is equal to the geometric mean of the two
quantity relatives, (r,7,) 2.7

The next section provides a discussion of the axiomatic or test properties of the IDB mul-
tilateral system.

5A.4 Axiomatic Properties
of the IDB Multilateral System

Recall section 5.4 in the main text of this chapter where 11 tests or axioms for multilateral systems
are listed. The axiomatic properties of the IDB system are summarized in the following result.

ProrosITION 1: Assume that the country price and quantity data 2 Q satisfy assumptions 1
and 2 and at least one of the conditions 1 and 2. Then the IDB multilateral system fails only tests
9 and 10 for the 11 tests listed in section 5.4 of the main text.
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Proor: The existence and uniqueness of a solution to any one of the representations of the
IDB equations are discussed in section 5A.2. The continuity (and once continuous differentiability)
of the IDB share functions S¥(2 Q) in the data follow using the Implicit Function Theorem on
the system of equations (5A.6) and (5A.7) (plus a normalization) by adapting the arguments in
Bacharach (1970, 67—68). This establishes T'1.

‘The proofs of tests T2 and T4-T48 follow by straightforward substitution into equations (5A.10).

The proof of T3 follows by setting 7 equal to p and then showing that this choice of ©
satisfies equations (5A.12). Once  has been determined as p, then the Q* are determined as ng* for
k=1, ..., K and finally the share functions are determined using (5A.15).

The results in section 5A.3.4 can be used to show that T9, the monotonicity test, fails.

The “democratic” nature of the IDB system (each country’s shares are treated equally in
forming the reference prices 7) leads to a failure of test T10.”*

The main text showed that the IDB method satisfied T11, the additivity test.
QE.D.

5A.5 Economic Properties
of the IDB Multilateral System

An economic approach to bilateral index number theory was initiated by Diewert (1976) and
generalized to multilateral indexes in Diewert (1999, 20-23). The properties of the IDB system in
this economic framework are examined in this section.

The basic assumption in the economic approach to multilateral indexes is that the country 4
quantity vector ¢* is a solution to the following country 4 utility maximization problem:

(5A.60) max, {f(g):p'q = p'q"} = u, = Q*

where u* = f(4") is the utility level for country 4, which can also be interpreted as the country’s
volume Q% p* >> 0, is the vector of positive prices for outputs that prevail in country #4 for
k=1, ..., K’? and fis a linearly homogeneous, increasing concave aggregator function that
is assumed to be the same across countries. This aggregator function has a dual unit cost or
expenditure function ¢(p), which is defined as the minimum cost or expenditure required to
achieve the unit volume level if purchasers face the positive commodity price vector p.”? Because
purchasers in country k are assumed to face the prices p* >> 0,, the following equalities hold:

(5A.61) c(p’e)Eminq{p"’q:f(q)zl}EPk; k=1,...,K

where P* is the (unobserved) minimum expenditure required for country # purchasers to achieve
unit utility or volume level when the purchasers face prices p*. P* can also be interpreted as coun-
try k's aggregate PPP. Under assumptions (5A.60) it can be shown’ that the country # price and
quantity vectors, p* and ¢, satisfy

(5A.62) ptg=c(pHfigh = Pru = P*Q% k=1,..., K.

To make further progress, it is assumed that either the utility function f{g) is once continu-
ously differentiable with respect to the components of g, or the unit cost function ¢(p) is once
continuously differentiable with respect to the components of p (or both).

15
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In the case in which £ is assumed to be differentiable, the first-order necessary conditions for
the utility maximization problems in (5A.60), along with the linear homogeneity of £, imply the
following relationships between the country 4 price and quantity vectors, p* and g*, respectively,
and the country unit expenditures ¢,, defined in (5A.64):

(5A.63) PE=VAGHPY k=1,.. K

where Vf{g*) denotes the vector of first-order partial derivatives of f'with respect to the compo-
nents of ¢ evaluated at the country 4 quantity vector, g*.
In the case in which ¢(p) is assumed to be differentiable, then Shephard’s Lemma implies

the following equations:
(5A.64) gt =Ve(pHhu,=Ve(pHQ% k=1,...,K

where #, = f{g*) = Q* denotes the utility level for country 4, and Ve (p*) denotes the vector of first-
order partial derivatives of the unit cost function ¢ with respect to the components of p evaluated
at the country # price vector p.

If f{g) or c(p) are differentiable, then because both of these functions are assumed to
be linearly homogeneous, Euler’s Theorem on homogeneous functions implies the following

relationships:
N 9 13
(5A.65) A =VAghg' =Y { f;(j ):|qfl; k=1,...,K
n=1 n
and
N I3
(5A.66) dﬂ):%(ﬂ)ﬂ:ﬁ{@}pﬁ; k=1,..., K
n=1 n

k ok
n = przqn
k k ok

Pq
In the case in which f{g) is differentiable, substitution of (5A.63) and (5A.65) into these shares

leads to

Recall that the expenditure share on commodity 7 for country 4 was defined as s

kL k
(5A.67) sﬁzq"ﬁ(f); n=1l,...Nk=1,...K
fg"
o — 99" o L . o
where f,(4%) = 5 In the case in which ¢(p) is differentiable, substitution of (5A.64) and
(5A.66) into the expenditure shares s* leads to
ko (pk
(5A.68) sf:‘pncn(kp); n=1,....,N;k=1,...,. K
(2

de(p")
where ¢,(p) = 97) Now that the preliminaries have been laid out, it is time to attempt to determine
n

what classes of preferences (i.e., differentiable functional forms for for ¢) are consistent with the
IDB system of equations (5A.10).

Begin by considering the case of a differentiable utility function f{g), which is posi-
tive, increasing, linearly homogeneous, and concave for g >> 0,.7° Let ¢* >> 0,, Q* = f(¢"),
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for k=1, ..., K, and substitute these equations and (5A.67) into equations (5A.10). Then fmust
satisfy the following system of K functional equations:

AR AU A
ﬁ figh g9 || figh

T[]
1g) flg")

Note that all of the terms in this system of K equations are the same in each equation except the

5 =1,...

(5A.69)

n

q’; in the middle of equation 4. Suppose that f{g) is a linear function of g so that

fg"

terms

(5A.70)  flg=fqy....q) =aiq, ++-+ayqy; a4, >0,...,ay>0.

It is straightforward to verify that the linear function f{g) defined by (5A.70) satisfies the main-
tained hypotheses on £ and it also satisfies the system of functional equations (5A.69). Thus the
IDB multilateral system is consistent with linear preferences.

Now consider the case of a differentiable unit cost function ¢(p), which is positive, increas-
ing, linearly homogeneous, and concave for p >> 0. Let p*>> 0, P¥=c(p®) fork=1,..., K and
substitute these equations and (5A.64) into equations (5A.10). Then ¢ must satisfy the following
system of K functional equations:

2|, | 2aele") k
N {|: L.(Pl) :| |: c(pK) :|} Cn(]’)

(5A.71) Zl TP =1 k=1,..,K

Note that all of the terms in the previous system of K equations are the same in each equation
except the partial derivative terms ¢,(p*) in the middle of equation £ Now suppose that c(p) is a
linear function of p so that

BA72) (P =c(py--cspy) =l + -+ byyys b,>0,...,6y>0.

It is straightforward to verify that the linear function ¢(p) defined by (5A.72) satisfies the main-
tained hypotheses on ¢, and it also satisfies the system of functional equations (5A.71). Thus the
IDB multilateral system is consistent with Leontief (no substitution) preferences.

These computations show that the IDB multilateral system is consistent with preferences
that exhibit perfect substitutability between commodities (the linear utility function case) and with
preferences that exhibit no substitution behavior as prices change (the case of Leontief preferences
where the unit cost function is linear). It turns out that if the number of countries is three or more,
then these are the only (differentiable) preferences that are consistent with the IDB system as is
shown by the following result.

ProrosITION 2: If the number of countries is greater than two, then the linear utility function
defined by (5A.73) is the only regular differentiable utility function that is consistent with the IDB
equations (5A.69), and the preferences that are dual to the linear unit cost function defined by (5A.72)
are the only differentiable dual preferences that are consistent with the IDB equations (5A.71).
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PrOOF: Let K2 3 and let ¢* >> 0, for k=1, ..., K Then the first two equations in (5A.69)
can be rearranged as

(5A.73) f(qz) —f(ql) = ZH: f(ql)

qiﬁ(ql)}m{qfﬁ(q’()} [4:-4]
o |7 ] |
Ag) " 7gh

Fix 7 and let the components of ¢' and ¢? satisfy the following assumptions:
(5A.74) 7>#ql; qi=q forl=n.

Now look at equation (5A.73) when assumptions (5A.74) hold. The left-hand side is independent
of the components of ¢°, and thus the right-hand side of (5A.73) must also be independent of g°.
Using the linear homogeneity of £, this is sufficient to show that £,(4%) must be a constant for any
q° >> 0,—that s, for all ¢ >> 0, f.(¢g) is equal to a constant #,, which must be positive under our
regularity conditions on £ This proof works for =1, ..., N, which completes the proof of the
first part of the proposition.

Let K= 3 and let p*>> 0, for k=1, ..., K Then equations (5A.71) can be rewritten as

N
(5A.75) Do pe(p) =1 k=1,.., K
n=1

where the coeflicients p (p, ..., p¥) in (5A.75) are defined for =1, ..., Nas

SRR N A Y.)
c(ph) c(p)

{C”(])l) oot cﬂ(p’()}

(5A.76) PP p) =

The first two equations in (5A.75) can be subtracted from each other to give

(5A.77) e (2 26D - e ()] = 0.

Then define the vector p(p', ..., p%) = [p,(p" ..., p5)s ooty pu(ph -..s p5)]. Because K= 3, the
definitions (5A.76) show that the components of p? can be varied (holding the remaining price
vectors constant) so that Vis found to be linearly independent p(p', ..., p*) vectors. Substitution
of these linearly independent vectors into equation (5A.77) implies that

(SA.78) Ve(p?) = Ve(p).

Because equations (5A.78) hold for all positive p' and p?, the partial derivatives of ¢(p) are constant,
which completes the proof of the proposition.

Q.E.D.

Thus the IDB multilateral system suffers from the same defect as the GK system.”” Neither
of these additive systems is consistent with an economic approach that allows consumer prefer-
ences to be represented by flexible functional forms, whereas the GEKS system is consistent with
preferences that are representable by flexible functional forms.”
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NOTES
1. The author is indebted to Yuri Dikhanov, D. S. Prasada Rao, Sergey Sergeev, and Frederic A.
Vogel for their helpful comments.
2. For additional methods, see Rao (1990), Balk (1996; 2009, 232-60), R. J. Hill (1997, 1999a,
1999b, 2001, 2004, 2009), and Diewert (1999).
3. The five geographic ICP regions in 2005 were Africa, Asia-Pacific, Commonwealth of

10.
11.

12.

Independent States (CIS), South America, and Western Asia. The Eurostat-:OECD members
constituted a sixth region.

Iklé (1972, 203) proposed the equations for the method in a rather difficult-to-interpret
manner and provided a proof for the existence of a solution for the case of two countries.
Dikhanov (1994, 6-9) used the much more transparent equations (5.13) and (5.14) that
appear later in this chapter. He also explained the advantages of the method over the GK
method and illustrated the method with an extensive set of computations. Balk (1996, 207-8)
used the Dikhanov equations and provided a proof of the existence of a solution to the system
for an arbitrary number of countries. Van Ijzeren (1983, 42) also used 1klés equations and
provided an existence proof for the case of two countries.

. These methods can also be used to make comparisons between regions, as will be seen in

chapter 6.

. Fisher (1922, 272-74), in his discussion on comparing the price levels of Norway, Arab

Republic of Egypt, and Georgia, came close to introducing this method. Kravis, Heston, and
Summers (1982, 104-11) used similarity measures to cluster countries into groups and also
came close to introducing Hill’s spatial linking method.

Note that the expenditures ¢* are drawn from the national accounts of country £ in the
reference year and refer to total expenditures on commodity category n—that is, these
expenditures are not in per capita terms.

. National income accountants distinguish between a “quantity” and a “volume.” A volume

is an aggregate of a group of actual quantities. Because country expenditures in each of the
basic heading categories are aggregates over many commodities, it is appropriate to refer to
¢* as volumes rather than quantities. The price levels p* that correspond to ¢* are called basic
heading PPPs.

Notation: if x = [x,, ..., x,], an N dimensional row vector, then x” denotes the transpose
of x and is an /V dimensional column vector with the same components. Thus p* is an V
dimensional column vector.

Notation: pg = > p q, denotes the inner product between the vectors p and 4.

Define the country 4 expenditure share on commodity group 7 as s* P”q" forn=1,...,N.

Then the Laspeyres price index between countries j and 4 can be written in the fol-
. . N 04, VAV
lowing expenditure share form: P,(p% p/, q% ¢/) = [7k_qk =xN (Pk—q:j =xN PZ pk—q: =

M (p ) * which is a country £ share weighted arithmetic mean of the price relatives %
n

n

_Pn

Define the country j expenditure share on commodity group 7 as s/ = sy q” forn=1,...,N.
9’

Then the Paasche price index between countries j and 4 can be written in the following

-1 T NI
P9 s (2290 _|gu (22 (2:2)] _
expenditure share form: P,(p%, p/, ¢*, ¢/) = ﬁ = |:Zn_1 (pf—qf =| 2N, _f, 7|
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13.

14.

15.

16.

17.
18.
19.

20.

21.

22.

23.

24.
25.

AT ;
|:fo . (%) 5;:| , which is a country j share weighted harmonic mean of the price relatives p—Z.
p P

n n

Using these formulas for the Laspeyres and Paasche price indexes, it can be seen that the Fisher
price index can also be written in terms of expenditure shares and price relatives.

See Balk (2008, 91-97) for a review of the literature on axiomatic justifications for the Fisher
index.

See chapters 15, 16, and 17 in the Consumer Price Index Manual (International Labour
Organization et al. 2004).

For several additional ways of expressing the GEKS PPPs and relative volumes, see Balk
(1996), Diewert (1999, 34-37) and section 5.5 of this chapter.

All of the multilateral methods described in this section can be applied to subaggregates of
the 155 basic heading categories—that is, instead of working out aggregate price and volume
comparisons across all 155 commodity classifications, one could just choose to include the
food categories in the list of V categories and use the multilateral method to compare aggre-
gate food consumption across countries in the region.

An additive multilateral system is sometimes said to have the property of matrix consistency.
Hill (1997) and Dikhanov (1994, 5) made this point.

What makes the IDB system special is the fact that equations (5.16) are equivalent to equa-
tions (5.14). Instead of using harmonic means in equations (5.13) and (5.14), one could use
more general means, such as means of order ~—that is, equations (5.13) could be replaced by

e

o {%} Ak

T, = W and equations (5.14) by P* = |:Zn1\fl st [n_::| } , where = 0. But it is only
when 7= -1 that the second set of equations simplifies to equations (5.16), which implies the
additivity of the method.

Balk’s axioms were somewhat different from those proposed by Diewert because Balk also
introduced an extra set of country weights into Diewert’s axioms. Balk’s example will not be
followed here because it is difficult to determine precisely what these country weights should
be. For the most up-to-date review of the axiomatic approach to multilateral indexes, see Balk
(2008, 232-60).

Diewert’s test for bilateral consistency in aggregation is omitted, because this test depends on
choosing a “best” bilateral quantity index, and there may be no consensus on what this “best”
functional form is (Diewert 1999, 18). His final axiom involving the consistency of the mul-
tilateral system with the economic approach to index number theory is discussed in section
5.5 of this chapter.

Balk (1996, 212) also compares the performance of the two methods (along with other mul-
tilateral methods) using his axiomatic system.

The fact that big countries play a more important role in determining the international prices
when test T10 is satisfied is analogous to a property that national prices have to regional prices
when a country’s national accounts by product are constructed: the national price for a com-
modity is taken to be the unit value price for that commodity over regions within the country.
Thus large regions with large final demands will have a more important role in determining
the national price vector than the smaller regions.

The pioneers in this approach were Koniis and Byushgens (1926).

Diewert (1974, 113) termed such functional forms flexible.



26.
27.

28.

29.

30.

31.
32.

33.
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Diewert (1976, 117) introduced this concept and terminology.
According to Diewert (1999, 50), figure 5.1

illustrates the Gerschenkron effect: in the consumer theory context, countries
whose price vectors are far from the ‘international’” or world average prices used
in an additive method will have quantity shares that are biased upward.... It
can be seen that these biases are simply quantity index counterparts to the usual
substitution biases encountered in the theory of the consumer price index. How-
ever, the biases will usually be much larger in the multilateral context than
in the intertemporal context since relative prices and quantities will be much
more variable in the former context. ... The bottom line... is that the quest for
an additive multilateral method with good economic properties (i.e., a lack of
substitution bias) is a doomed venture: nonlinear preferences and production
functions cannot be adequately approximated by linear functions. Put another
way, if technology and preferences were always linear, there would be no index
number problem and hundreds of papers and monographs on the subject would
be superfluous!

Methods that rely on the econometric estimation of preferences across countries are probably
not suitable for the ICP, because it becomes very difficult to estimate flexible preferences for
155 commodity categories.

One limitation of econometric approaches is that they cannot be used (it is not impossi-
ble, but it would be very difficult because there would be 12,000 parameters to estimate in
this case).

Note that if all countries in the multilateral comparison have proportional “price” vectors,
then the GEKS relative volume for any two countries j relative to 7, %, is simply the Fisher

igl igi
? 29 e

ideal quantity index between the two countries, which in turn is equal to = and to
rq

Paasche and Laspeyres quantity indexes between the two countries. If a vector of international

prices 7 is chosen to be any one of the country price vectors, then% = :Zf = 8j Thus under the
hypothesis of price proportionality across countries, the country real expenditure levels, Q,
are proportional to ng*, and the GEKS multilateral method can be regarded as an additive
method.

This linking methodology was developed by R. J. Hill (1999a, 1999b, 2004, 2009).

Perhaps more descriptive labels for the MST method for making international comparisons
are the similarity linking method or the spatial chaining method.

Deaton (2010, 33-34) noticed the following problem with the GEKS method. Suppose there
are two countries, A and B. The expenditure share on commodity 1 is tiny for country A and
very big for country B. Also suppose that the price of commodity 1 in country A is very large
relative to the price in country B. Then look at the Térnqvist price index between A and B.
The overall price level for country A will be blown up by the relatively high price for good 1 in
country A relative to country B and by the big expenditure share in country B on commodity 1.
Because the Térnqvist price index will generally closely approximate the corresponding Fisher
index, one has ended up exaggerating the price level of country A relative to B. This problem
can be mitigated by spatial linking of countries that have similar price and quantity structures.
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34.

35.

36.
37.

38.
39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

For a more complete discussion of dissimilarity indexes and their properties, see Diewert
(2009).

Kravis, Heston, and Summers (1982, 105) proposed another similarity measure that is related
to a weighted correlation coefficient between two country price or PPP vectors. However,
their measure is not a “pure” bilateral similarity measure because their weights depend on the
data of all countries in the comparison.

If a price p* equals zero, then it is assumed that the corresponding quantity is also zero.
Diewert (2009) did not deal with the zero price problem, but it is a real problem that needs
to be addressed in order to implement his suggested dissimilarity measures for relative price
structures using real data. For additional discussion of the difficulties associated with making
comparisons across countries in which different commodities are being consumed, see Deaton
and Heston (2010) and Diewert (2010).

Some additional examples are presented in chapter 6.

If both prices are zero, then simply drop the 7-th term in the summation on the right-hand
side of (5.20).

However, this evidence of unstable links comes from the results of the MST method using the
Paasche and Laspeyres spread measure of dissimilarity. Based on the recent research of Rao,
Shankar, and Hajarghasht (2010), it is likely that this instability will be reduced if a better
measure of dissimilarity is used in the MST algorithm, like those defined by (5.19) and (5.20),
as opposed to the use of the PLS measure defined by (5.18).

Because the Fisher star parities are not all equal, it must be recognized that the GEKS pari-
ties are only an approximation of the “truth.” Thus it could be expected that an economic

2 3
approach would lead to a % parity in the 5-9 range and to a % parity in the 50-90 range.

2
Note, however, that the IDB parities are well outside these ranges, and the GK parity for

1
is also well outside this suggested range. !
This MTS result is obtained for all three measures of dissimilarity considered in the previous
section—see equations (5.18), (5.19), and (5.20).

Only five iterations were required for convergence.

Because all of the prices and quantities are positive in this example, equations (5.13) and
(5.14) in the main text can be used instead of the more robust (to zero entries) equations
(5A.3) and (5A.4) in the annex. Eighteen iterations were required for convergence.

See Diewert (1996, 246) for examples of superlative indexes that are additive if there are only
two countries or observations.

However, the second example in chapter 6 indicates that the IDB parities may not always be
closer to the GEKS parities than the GK parities.

Balk (1996, 207-8) has written the most extensive published discussion of the properties
of the IDB system, but he considers only the case of positive prices and quantities for
all commodities across all countries. He does not discuss the economic properties of the
method.

Balk’s existence proof assumed that all prices and quantities were strictly positive (Balk
1996, 208).

Equations (5A.1) are equivalent to Balk’s equations (38a) in the case in which all price p* are
positive, and equations (5A.2) are Balk’s equations (38b) (Balk 1996, 207).

Equations (5.13) and (5.14) provide a first representation in the case in which all prices and

quantities are positive.
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59.

60.

61.
62.

63.
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Notation: when examining matrix equations, vectors such as 7 and P are to be regarded as
column vectors, and n” and P” denote their row vector transposes.

It is obvious that if the positive vectors 7 and P satisfy (5A.6) and (5A.7), then Ax and N\"'P
also satisfy these equations where X\ is any positive scalar. Dikhanov (1997, 12-13) also
derived conditions for the existence and uniqueness of the solution set using a different
approach.

Bacharach (1970, 46) calls this method of solution the biproportional process. He establishes
conditions for the existence and uniqueness of a solution to the biproportional process—that
is, for the convergence of the process (Bacharach 1970, 46-59). The normalization—say
P'=1ormn, = l—can be imposed at each iteration of the biproportional process, or it can be
imposed at the end of the process when convergence has been achieved.

It can be verified that if V + K - 1 of equations (5A.8) and (5A.9) are satisfied, then the
remaining equation is also satisfied. Equations (5A.10) may be used to establish this result.
When this method was tried on the data for the numerical example in Diewert (1999, 79)—
see section 7—it was found that convergence was very slow. The iterative methods described
in section A.1.1 converged much more quickly.

Dividing both sides of (5A.15) by K means that for each commodity group the average (over
countries) expenditure share using the IDB international prices is equal to the corresponding
average expenditure share using the domestic prices prevailing in each country.

Once the existence and uniqueness of a positive solution to any one of the representations of
the IDB equations have been established, using assumptions 1 and 2 it is straightforward to
show that a unique positive solution to the other representations is also implied.

Equation (5A.19) shows that Q depends only on the components of two N dimensional vec-
tors, 7and s' + 5%

This negative monotonicity result also applies to the Térnqvist Theil bilateral index number
formula, Q, —see Diewert (1992, 221). The logarithm of Q, is defined asIn Q, =X~ (3

1, 2
[sn + sn] In7,

It is also clear from (5A.19) that Q ,5(p', p% ¢', ¢ satisfies the following four homogeneity
tests: Qupa(p' 2% 45 Ag%) = NQuos(p' 7 4" 47), Quos(p' 2% Mg 47) = N="Qups(p' 2% 4" 47)s
Quos(\' 2% 4 47) = Quonl(p's 2% 4> 1) and Quo(p' M 45 47) = Quow(p' 1% 4 4°) for
all X > 0. Equations (5A.17) or (5A.19) can be used to show that Q ,5(p', p* ¢', ¢%) satisfies
the first 11 of Diewert’s 13 tests for a bilateral quantity index, failing only the monotonicity
in the components of the ¢' and g2 tests (Diewert 1999, 36). Thus the axiomatic properties of
the IDB bilateral quantity index are rather good.

See Diewert (1992) for the history of these bilateral tests.

If Qpy(7) and Q,(7) are regarded as functions of the vector of quantity relatives, then it
can be shown directly that Q,;(7) approximates Q,(7) to the second order around the
point r=1,.

The role of prices and quantities must be interchanged—that is, Diewert tests referred to
quantity indexes (Diewert 1999, 36), whereas price indexes are now being considered.

'The expressions involving the reciprocals of p, require that 42 be strictly positive (in addition
to the maintained assumption that y' be strictly positive). Equations (5A.32) and (5A.34)
require only that y' be strictly positive.

Equation (5A.19) shows that Q depends only on the components of two N dimensional vec-
tors, 7and s + s2.

Note that s, satisfies the inequalities 0 < 5, < K.
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67. Thus the =, solution to (5A.45) depends only on the vector of country quantity relatives, R,
2 Y Y q

and the sum across countries # of the expenditure shares on commodity 1, s#. Alternatively, =,

depends on the K dimensional vector R and the sum across countries commodity share vector,

st +... + 5% which is a two-dimensional vector in the present context where N = 2.
-
68. It can be verified that 0 < 5, < K'so that G—l() > 1. The bounds in (5A.49) are positive when

R >> 0. In the case in which R > 0, the lower bound is still valid, but the upper bound
becomes plus infinity.

69. This equation can be utilized to show that Q5(p', p% ¢', ¢?) is not necessarily monotonically
increasing in the components of ¢' or monotonically decreasing in the components of ¢'.

70. Under these conditions, it is also the case that all prices and quantities are positive in the two
countries, because it was assumed that y! is strictly positive and y? is nonnegative and non-
zero—that is, ¢' >> 0, and g% > 0,.

71. Diewert (1999, 27) showed that the GK system satisfied all 11 tests except the homogeneity
test, T8, and the monotonicity test, T9. The GK system is a “plutocratic” method in which
the bigger countries have a greater influence in determining the international price vector .

72. In this section, it will be assumed that all country prices and quantities are positive, so that
pr>>0yand g >> 0y fork=1,..., K

73. The unit cost function ¢(p) is an increasing, linearly homogeneous concave function in p for
p>>0,.

74. See Diewert (1974) for material on duality theory and unit cost functions.

75. See Diewert (1999, 21) for more details on the derivation of these equations.

76. The functions for ¢ are defined to be regular if they satisfy these regularity conditions.

77. Diewert (1999, 27) showed that when K'is greater than or equal to three, the GK system is
only consistent with a linear or Leontief aggregator function.

78. See Diewert (1999, 46) for descriptions of multilateral methods that have good economic
properties—that is, methods that are consistent with maximizing behavior on the part of
consumers with preferences represented by flexible functional forms. See Diewert (1976) for
the concept of a flexible functional form and the economic approach to index number theory.
In addition to the GEKS system, the weighted and unweighted balanced methods of Own
Share, MTS, and van Ijzeren (1983) have good economic properties.
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CHAPTER

Methods of Aggregation above
the Basic Heading Level:
Linking the Regions

W. ERwIN DIEWERT

This chapter discusses the various methods for linking the five regions' of the International
Comparison Program (ICP) and those countries in the Eurostat-OECD PPP Programme in
such a way that the relative country volumes within each region are preserved.?

The 2005 ICP round of international comparisons was quite different from earlier ICP
rounds for a number of reasons:

* Each of the six regions prepared its own list of representative (for its region) products.
These products were priced by each country in the region over the reference year, whereas
in previous ICP comparisons there was a single product list for all countries over all regions.

¢ Fach region was allowed to use its preferred multilateral method to make comparisons
within the region. Five of the six regions chose to use the Gini-Eltets-Kéves-Szulc (GEKS)
method, and the Africa region used the additive Iklé-Dikhanov-Balk (IDB) method.?

* Each region was also allowed to use slightly different methods for constructing basic
heading purchasing power parities (BH PPPs) across countries in the region.?

¢ To link the regions, another separate product list was developed, and these products were
priced by 18 Ring countries of which two or more were in each region.’ This additional set
of prices across regions allowed the 155 BH PPPs to be linked across regions.

* At the final stage of aggregation of the 2005 ICP (the subject of this chapter), the within-
region aggregate volumes for each country in a region were linked across the six regions,

giving rise to a complete set of 146 aggregate PPPs and relative volumes for each country.

The final stage in the process, which involved linking the regions, proved to be the most chal-
lenging. The various regions involved in the 2005 ICP wanted the final linking procedure to leave
unchanged the relative volumes for the countries in their region—that is, they sought a so-called
Jfixity constraint on the final step, which links the regional parities into a set of global parities. The
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problem associated with linking the regions in a way that would preserve the within-region parities
was not new to the 2005 ICP; Kravis, Heston, and Summers (1982, 117—-23) and Heston (1986)
discussed this problem many years ago.

Diewert (2004, 46-47) suggested a class of methods for linking the regions in the 2005 ICP
round that would preserve relative volumes for country aggregates within a region, but would at
the same time link the various regions so that volumes could be compared across all countries in
the ICP comparison in a consistent manner—that is, his suggested interregional linking method
would satisfy the fixity constraint. The basic idea behind the method is as follows. Once informa-
tion on country expenditures for each basic heading (BH) category in each country in a region is
determined, along with the 155 corresponding BH PPPs, then the BH expenditures in the local
currencies can be divided by the corresponding PPPs to obtain country volumes in consistent com-
parable units by basic heading category. These volumes (or loosely speaking, quantities) can then be
added across countries within the region in order to obtain total regional volumes or “quantities” by
basic heading category. Then, with an appropriate choice of BH prices for each region, these BH
regional “prices” and “quantities” can be linked using any multilateral method such as the GEKS
method (see chapter 5).° Once the regional real expenditure shares have been determined by the
chosen multilateral method, they can be combined with each region’s country shares of regional
real expenditures to give each country’s share of world real expenditures. Note that this method
will not affect the country shares of regional expenditures that are determined independently by
each region. Note also that this method is very similar to the methods used by national income
accountants to determine the annual real output of a nation by aggregating over quarterly data.

The problem with this class of methods for linking the regions is determining exactly how
the regional basic heading “prices” should be chosen. These regional “price” or PPP vectors should
be chosen so that the overall method leads to country (and regional) relative volumes that are
independent of the choice of both the numeraire region and the numeraire countries within each
region. Section 6.1 of this chapter explores several options for the regional BH prices. Option 1
does lead to relative volumes that are independent of the choice of numeraire regions and numeraire
countries within each region, but the resulting method involves the use of country exchange rates,
which is not a desirable feature. Option 2 does not involve the use of exchange rates, but the result-
ing method is dependent on the choice of the regional numeraire countries, which again is not a
desirable feature.” Finally, option 3, which was suggested by Sergeev (2009b), does lead to relative
volumes that are independent of the choice of numeraire regions and numeraire countries within
each region, and this method for linking the regions does not involve the use of exchange rates.

All of the variants of the method just described for linking the regions are based on two
important properties within each region: (1) volumes are added up across countries in the region to
obrtain total regional volumes by BH category of expenditure; and (2) a single set of BH reference
PPPs or “prices” is applied to those regional volumes for each region.

As mentioned earlier, the first property is analogous to practices in the System of National
Accounts in which annual quantities by expenditure category are obtained by adding up quarterly
or monthly quantities. Therefore, this aspect of the linking method is not necessarily problematic.
However, in the national accounting context the structure of prices tends to be very similar from
quarter to quarter within a year. Thus in the national accounts, the annual price for a commodity
is usually taken to be an annual unit value—that is, the total expenditure or revenue for the com-
modity is summed up over, say, quarters and divided by the total quantity used or produced during
the year, and this unit value is used as the annual price of the commodity.® Using an annual unit
value price in the context of aggregating over time is generally not a problem, because the price
of a commodity usually does not vary too much within a year. However, when one is aggregating
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quantities across countries within a region, the variations in commodity prices can be very large,
and, generally speaking, no single vector of commodity prices will be representative of the structure
of commodity prices for every country in the region. Thus the property of these methods in which
a regional quantity vector is calculated by addition over country quantity vectors means that all of
these methods are essentially additive methods (within each region) and hence subject to substitution
bias. For the 2011 ICP, then, other methods for linking the region should be considered, but while
respecting within-region parities.

Sections 6.2, 6.3, and 6.4 of this chapter consider alternative linking methods. Section 6.2
describes the first alternative method for constructing interregional parities while respecting
within-region parities—see Heston (1986, 3) and Dikhanov (2007). Heston suggested using the
Geary-Khamis (GK) method, whereas Dikhanov suggested that the GEKS method be used in a
single comparison over all countries in the comparison. It will generate shares of world real expen-
ditures for each country. One can then simply add up the shares of world real expenditures of the
countries in each region in order to obtain the regional shares. These between-region shares plus
the within-region shares (determined independently by the regions) will generate an overall set of
shares that respect the within-region parities.

Section 6.3 discusses a variant of the method used in section 6.2. Instead of relying on the
GEKS method to generate individual country shares for each country in the comparison, one
could use Robert J. Hill's minimum spanning tree (MST) or similarity or spatial linking method to
form the shares of each country’s output in the world aggregate.'® As noted in chapter 5, the basic
idea behind this method is to link countries through a series of bilateral comparisons in which the
overall comparison rests on a chain of bilateral comparisons between countries that are most similar
in their (relative) price structures.

Section 6.4 of this chapter discusses a “new” method for linking the regions while respecting
the within-region parities."" In section 6.5, regional parities are computed for a small artificial data
set using the methods suggested in sections 6.1-6.4. In section 6.6, another numerical example
based on a subset of the 1985 ICP data is computed to again illustrate the fact that different
methods can give quite different results.

The methods suggested in this chapter that could be used to form aggregate PPPs for the
146 countries in the comparisons (over the entire set of 155 basic heading product groups) while
respecting the fixity constraint within regions could also be used to form PPPs for subsets of the
155 BH product groups—for example, the same techniques could be used to form a set of con-
sumption PPPs for the 146 countries.

6.1 Variants of Diewert’s Suggested Method
for Linking the Regions

This section begins by defining what basic data are needed to link the ICP regions in a fashion
that will respect the parities and relative volumes determined within each region. It is assumed
that R regions are in the comparison, and region 7 is made up of C(7) countries for =1, 2, ...,
R. In the 2005 ICP, R was equal to 6, with varying numbers of countries in each region. Assume
there are NV basic heading commodity groups and each country in the comparison has collected
expenditure data on these N commodity groups in its own currency. In the 2005 ICP, NV was equal
to 155. Let £

ren

be the expenditure (in the currency of country ¢ in region 7) on commodity class 7
for the reference year for r=1, ..., Rrc=1, ..., C(»); n = 1, ..., V. Assume that these country
expenditure data have been collected.
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Also assume that each region r has constructed a purchasing power parity for each BH
commodity group 7 and each country ¢ in region , o, say, forr=1,..., R c=1, ..., C(r), and
n=1, ..., N. Assume that country ¢ = 1 is the numeraire country in each region, and so the PPP
for this numeraire country is set equal to unity so that

(6.1) a, =1; r=1,....,Rn=1,...,N.

Thus for ¢ = 1, a, is the price in the currency of country ¢ in region r of a bundle of the products in
BH commodity group 7, which costs one currency unit in the currency of the numeraire country
(country 1) for region 7.

The next assumption is that the central office has constructed a set of interregional linking
PPPs, B3, , that link the PPPs of the numeraire country in each region with the numeraire country
in the numeraire region, which is assumed to be region 1. Thus assume that

6.2) B=1 n=1,..., N

For r# 1, B,, is the price in the currency of country 1 in region 7 of a bundle of commodity 7,
which costs one currency unit in the currency of the numeraire country (country 1) in region 1,
the numeraire region.

Now the two sets of PPPs can be multiplied to form a consistent set of world basic heading
PPPs, vy, , defined as

(6.3) Yo =B =1, Rec=1,...,C»);n=1,...,N.
Thus vy,,,, is the price in the currency of country ¢ in region 7 of a bundle of BH commodity group
n, which costs one currency unit in the currency of the numeraire country (country 1) in the
numeraire region (region 1).

If the numeraire region is changed, what happens to the world BH PPPs, vy, , defined
by (6.3)? Suppose region 2 replaces region 1 as the numeraire region. In this case, the original link-
ing BH PPPs, 3, should be replaced by the new linking PPPs, defined as

(6.4) ES_ relo Romel... N
2n

and the original set of world BH PPPs, vy, , defined by (6.3) should be replaced by the following
new set of world BH PPPs:

— R* o = 'Yrcn.
— M een T B 4
2n

(6.5) vE, r=1,...,Rc=1,....,C(r);n=1,...,N.

Thus the new set of world BH PPPs is equal to the old set of world BH PPPs except for a divisor
that depends on the BH commodity 7 under consideration. Hence the net effect of switching
the numeraire region is to leave the PPPs unchanged except that the new set of PPPs is measured
in a new system of units. Instead of measuring commodity units in terms of a dollar’s worth of
purchases of BH commodity 7 in the numeraire country of region 1, commodity units are now
measured in terms of a peso’s worth of purchases of BH commodity 7 in the numeraire country
of region 2.
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Now suppose that the numeraire country in a region is changed. If the change of numeraire
country is outside region 1 (say, in region 2 where there is a switch from country 1 to country 2 as
the numeraire country), then nothing will happen to the world BH PPPs, vy, . Theold vy, = B

ma ren

will remain the same for all regions r except for 7= 2, and for the second region a,, will be replaced

by 32"” forn=1,...,Nandc=1,..., C(2), and B,, will be replaced by B, a,,, forn=1, ..., N.
22n

Thus the new vy, will still equal the old vy, for all 7, including » = 2.
If the change of numeraire country is within region 1 so that the new numeraire country in

len

a]Zn
n=1,..., N, and the new set of interregional linking BH PPPs becomes o 2 forn=1,..., N. Thusin
this case, the new set of world BH PPPs becomes 12n

region 1 is country 2 in place of country 1, then the within-region parities for region 1 become for

_ Yren .

(6.6) vE, =a r=1,...,Rc=1,....,Clr);n=1,...,N.
12n

Thus in this change of the numeraire country within the numeraire region, the new set of world
BH PPPs is equal to the old set of world BH PPPs except for a divisor that depends on the BH
commodity 7 under consideration. Hence as it is for the change in the numeraire region, the net
effect of switching the numeraire country within the numeraire region is to leave the BH PPPs
unchanged except that the new set of BH PPPs is measured using a new system of units.

Recall that a knowledge of the expenditures (in the local currencies) of country ¢ in region »
by BH commodity class n, E,, is assumed for r=1,..., R c=1,..., C(r); n=1, ..., N. This
expenditure information is used, along with the consistent set of world BH PPPs, vy as defined

ren

by (6.3), to define consistent (across countries) volumes or imputed quantities, Q,, for each BH

ren®

commodity group 7 and each country ¢ in each region ras

E
(6.7) QWE,YW’; r=1,...,Rc=1,...,C(r);n=1,..., N.

These imputed quantities or volumes are measured in units that are comparable across countries
and regions. Thus these “quantities” can be added across countries within a region. The resulting
regional totals, Q,, are also comparable across regions—that is, they define regional total volumes
by commodity class as

C

r)
Q,.; r=1,..,Rn=1,...,N.

(6.8) Q.

c=

Now form regional volume or imputed quantity vectors from Q

(6.9) Q=[Q,,....Q,; r=1,...,R

Note that if the numeraire region or the numeraire countries within a region are changed, then, if the
world BH PPPs are changed in a consistent manner, the regional volume vectors will be identical to
the initial regional volume vectors defined by (6.7)—(6.9), except that the units of measurement for
these vectors may have been changed by the change in numeraires. In other words, a change in the
numeraire region or numeraire country within a region will lead to identical regional quantity vec-
tors Q" or to a new set of Q" that is equal to 8Q’ whered isa diagonal matrix in which the diagonal
elements reflect changes in the units of measurement of the NV commodity groups.
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Regional BH PPP or “price” vectors P are now needed to match up with the regional
volume vectors Q" defined by (6.9). At this point, there are at least three possible strategies, and
each is discussed in turn in the sections that follow.

Option 1: Conversion to Regional Currency Unit Values

The strategy using this option would be to first convert country expenditures in each BH commod-
ity classification category into common regional expenditures (in a numeraire country’s currency)
using market exchange rates for the reference year. Then, deflate these regional commodity expen-
ditures by the corresponding regional quantities defined by (6.8) in order to form regional unit
value prices, which will be used as the regional prices. As noted at the outset of this chapter, this
is the same type of strategy used by national income accountants in forming annual price and
quantity vectors from subannual information.

Suppose the reference year exchange rate for country ¢ in region ris € _for r=1, ..., Rand
c¢=1,..., C(r). Assume that country 1 in each region is the numeraire region as usual so that
(6.10) e,=1; r=1,...,R

Thus g, for ¢ #1 indicates how many units of the currency of the numeraire country (country 1) in
region 7 is equal to one unit of the currency unit of country ¢ in region 7 These market exchange
rates can be used to convert country expenditures (in the country’s currency) on commodity class
n within region 7 into region » numeraire currency units V, = g, £, , and then these country
expenditures on BH commodity class 7 in a common regional currency can be summed to regional
totals V, defined as

a

(6.11) Vv, =

m re"ren?
c=1

r=1,...,Kn=1..., N.

Now regional PPPs or unit value prices P, can be formed by taking the regional values defined by
(6.11) and dividing them by the corresponding regional volume or quantity totals Q,, defined by
(6.8) so that

Vv
(6.12) PmEQ"'; r=1,...,Rn=1,..., N.

Finally, form regional unit value price vectors from the components 2, so that
(6.13) Pr=[P,....,Py; r=1,...,R

Now consider what happens to the regional total expenditures on commodity class 7, V, if a
numeraire country within a region is changed or there is a change in the numeraire region. If the
numeraire region is changed, nothing happens to regional expenditures defined by (6.11) because
it is not necessary to relate the regional exchange rates across regions. However, if the numeraire
country within region 7 is changed, then it can be seen that all the regional values for this region
will change by a scalar factor—that is, if in region 7 the numeraire country is changed from country

1 to country 2, then the new market exchange rates will be € forc=1,..., C(, and hence the
872

new regional totals for region 7 will be

y
(6.14) e EZ[%}E””: mon=1,...,N.
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Thus the new regional expenditure totals on the N commodity groups in region  V* , will be

equal to a scalar multiple (8%2) times the old regional expenditure totals in region 7 V.

This is a careful exposition of the regional unit value method for forming regional price and
quantity vectors that could be used to link the regions by relying on a multilateral index number
method with the regional price and quantity vectors as the input vectors to the method.

Now consider linking the R regions using a multilateral index number method (see chapter 5).
Diewert (1999) defined such methods in terms of share functions for the R regions—that is, he
looked at a system of shares of world output or real expenditures, s (P*, ...., P% Q' ..., Q%), ..., s,
(P ..., P8 QY ..., QF), wheres (P!, ...., P& Q, ..., QF) is region 7’s share of world output
and considered the axiomatic properties of such multilateral systems. The next question to be
addressed: what properties does the multilateral method have to satisfy to ensure that the regional
shares are independent of the choice of the numeraire region and the numeraire countries within
the regions?

From the previous discussion, it is clear that the multilateral method must satisfy the fol-
lowing two properties:

Property 1: Invariance to changes in the units of measurement.

Thus let 8, > 0 for =1, ..., N and define 8 as the N x N matrix with the elements 8, running
down the main diagonal. Then this property requires that the multilateral share system satisfy the
following equations:

(6.15)  sOPY, ..., 8P% §1QY, ..., 81Q) =5(P, ..., P QL ..., QN; r=1,...,R

Property 2: Homogeneity of degree zero in the regional price vectors.
Let N, > 0, ..., Nz > 0. Then this property requires that the multilateral share system satisfy the
following equations:

6.16)  sONP, o NPE QL L QR =s (P .. PR Q.. QN r=1,.., R

This homogeneity property means that it is the relative regional prices that affect the interregional
volume comparisons and not the absolute level of regional prices.

These two properties are also sufficient to imply that a multilateral method using the unit
value regional price and quantity vectors defined earlier will generate regional shares that are inde-
pendent of the choice of the numeraire region and the numeraire countries within the regions. The
GEKS multilateral method satisfies these two properties (see Diewert 1999, 33).

A drawback of this method for linking the regions is that it brings market exchange rates into
the picture. Because these rates are often far removed from their corresponding PPPs, it is desirable
to avoid their use in constructing the interregional PPPs and relative volumes. The following two
methods make use of the regional “quantity” vectors Q" defined by (6.8), but the corresponding

regional “price” vectors " do not use exchange rates.

Option 2: Use of Regional Numeraires
as Regional Price Weights

It is not necessary to bring in market exchange rates to convert regional expenditures into a com-

mon currency. Instead, one can simply use the PPPs for each numeraire country 1 in each region r
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(relative to the numeraire country in the numeraire region, 3, as described earlier) as the price for
commodity 7 in region 7—that is, one can define the regional price for commodity 7 in region r as

(6.17) P

m

B, r=1,...,Rn=1,...,\.

Then use (6.13) to form the regional price or PPP vectors P in the usual way. The regional rota/
volume or quantity vectors, (7', are defined as before by (6.7)—(6.9), and these equations do not
involve exchange rates. Finally, use these regional price and quantity vectors, P" and Q’, to cal-
culate the share functions for the R regions using a favored multilateral method, s,(P?, ..., P%
QL ..., Q8, . s (P PR QY L, QF), wheres (P, ..., P55 QY ..., QF) is region s share
of world output.

Unfortunately, as Sergeev (2009b) points out, this method is not invariant to the choice of
the numeraire countries within the regions. Thus this method should not be used in the 2011 ICP.

Option 3: Use of the Geometric Average
of the Regional Numeraires as Regional Price Weights

Sergeev (2009b) suggested a way to avoid the lack of numeraire invariance in option 2: within each
region take the geometric mean of the country parities over all countries in the region. Thus (6.17)
is replaced by*?

)

(6.18) P =1y r=1,....Rn=1,...,N

m ren?
c=1

Then use (6.13) to form the regional price vectors, P’, in the usual way. Finally, use the regional
“price” and “quantity” vectors defined by (6.9), " and Q' to calculate the share functions for
the R regions using a favored multilateral method, 5, (P!, ...., P% QY ..., QF), ..., sx(P', ...,
PE QY ..., QB), where s (P!, ..., P& QY ..., QF) is region s share of world output. If the
multilateral method satisfies property 1 (invariance to changes in the units of measurement),
then the resulting regional shares will be invariant to the choices of both numeraire countries
and the numeraire region.

As noted earlier, option 2 can be ruled out as a method for linking the regions for the 2011
ICP because of its lack of country numeraire invariance within the regions. However, there is a
good case for ruling out options 1 and 3 as well because all the methods in this section impose a set
of common prices to add up the volumes or quantities within a region—that is, the methods impose
a form of additivity. Additive multilateral methods are subject to substitution bias if three or more
countries are in the comparison.'

Thus the two sections that follow discuss nonadditive methods for linking the regions that
avoid the substitution bias inherent in the methods discussed in this section.

6.2 The Global Comparison GEKS Method

Recall the definitions in (6.7) that defined the volume or “quantity” of commodity 7, Q,

on

, that was
finally demanded by purchasers in country ¢ in region 7 Define country ¢ in the region » volume
vector, %, in the usual way, using the definitions in (6.7) to define the components Q

ren®

(6.19) Q=[Q,.,.-- Q. 7r=1...,Rc=1,...,CO.
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The country “price” vectors P that correspond to the country “quantity” vectors Q" defined by
(6.19) are in turn defined using the global set of PPPs, vy, , defined by (6.3). Recall that vy, is the
price in the currency of country ¢ in region 7 of a bundle of commodity 7, which costs one currency
unit in the currency of the numeraire country (country 1) in the numeraire region (region 1). The
basic heading price vector for country ¢ in region 7 P*, is defined as

(6.20) Pr=[yeenYals 7=1, ., Re=1,...,CH).

Thus there are country “price” and “quantity” vectors (P, Q") for all C(1) + C(2) +---+ C(R)
countries in the ICP.

At this stage, any multilateral method could be used to form price comparisons between
each individual country participating in the ICP. One such multilateral method with good axi-
omatic and economic properties is the GEKS.' The algebra for this method works as follows.
First, define the Fisher quantity index (Fisher 1922) for country ¢ in region 7 relative to country

d in region s as®

", repsd . e |4
R e
s Q Q GRd=1,...,C

where P*- Q=3 P Q. denotes the inner product between the vectors *and Q". If the base
country is fixed (i.e., fix region s and country din region s) and if r=1, ..., Rand c= 1, ..., C(7),
then the Fisher indexes defined by (6.21) can be interpreted as the volume of each country ¢ in
the comparison relative to the base country s4, and then these relative volumes can be normalized
into a set of shares of world product using country s as the base country—that s, a set of country
“star” shares are obtained for each rc with country s as the “star” country.!® The GEKS method is
then used to take the geometric mean of all of these country parities over all possible “star” bases.

Thus define these geometric mean relative parities as

(6.22) Q(r)) = {HHQﬁ(”H e *“”, r=1,...,Rc=1,..., CO.

s=1 d=1

Now normalize the relative parities given by (6.22) into country shares of world product. Thus
define the sum of the parities defined by (6.22) as o

R Cr)

(6.23) o= 2.Qr).

r=1 ¢=1

The GEKS share of world real final expenditure for country ¢ in region 7 can now be defined as

Q(7c) divided by o

(6.24) s EQE;T); r=1,...,Rc=1,...,Cr.

rc

Following Heston (1986) and Dikhanov (2007),"” one can aggregate over the individual country
shares of world product defined by (6.24) within each region to obtain the following GEKS regional
shares of world output:

C(r)

(6.25) S=2s5; r=1,..,R
c=1
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The between-region shares S, S,, ..., S, defined by (6.25) can be used in conjunction with the
within-region shares in each region to obtain a system of world product shares for each country.
The resulting parities will respect the regional parities that are independently determined by the
regions.

Why should the GEKS regional shares defined by (6.25) be preferred over the various regional
shares defined in the previous section? The GEKS shares are consistent with broader patterns of sub-
stitutability between commodities—that is, if the preferences of each country can be represented by
certain homothetic preferences (that can approximate arbitrary homothetic preferences to the second
order), then the GEKS country shares will give exactly the “right” relative volumes across countries.'®

'The following section describes a variant of the method used in this section.

6.3 Spatial Comparisons
Based on Similar Price Structures

The GEKS multilateral method treats each country “star” parity as equally valid, and hence an aver-
aging of the parities is appropriate under this hypothesis. However, are all bilateral comparisons of
volume between two countries equally accurate? One could argue that the answer to this question is
yes if the relative prices in countries A and B are very similar. Then the Paasche and Laspeyres quan-
tity indexes will be very close, and therefore it is likely that the “true” volume comparison between
these two countries (using the economic approach to index number theory) will be very close to
the Fisher volume comparison. On the other hand, if the structure of relative prices in the two
countries is very different, it is likely that the structure of relative quantities in the two countries will
also be different. Then the Paasche and Laspeyres quantity indexes will likely differ considerably,
and one can no longer be certain that the Fisher quantity index will be close to the “true” volume
comparison. These considerations suggest that a more accurate set of world product shares could
be constructed if an initial bilateral comparison were made between the two countries that have the
most similar relative price structures. Then look for a third country that has the price structure most
similar to those of the first two countries and link this third country to the comparisons of volume
between the first two countries and so on. At the end of this procedure, Hill's minimum spanning
tree would be constructed: a path between all countries that minimizes the sum of the relative price
similarity measures. A key aspect of this methodology is the choice of the measure of similarity (or
dissimilarity) of the relative price structures of two countries. Various measures of the similarity or
dissimilarity of relative price structures have been proposed by Aten and Heston (2009), Diewert
(2009), Hill (2009), and Sergeev (2001, 2009a). Diewert (2009, 207) suggested the following
weighted log quadratic (WLQ) measure of relative price dissimilarizy, AWLQ(pl, % 4" ¢ (the smaller

the measure, the more similar is the structure of relative prices between the two countries):

(6.26) Ay (P 0% g 4) = > [%j (sh+ 52)|:1n( 2 j}

e 2l ph a4

1
(g P
where P.(p', p*, ', ¢*) = I:W} is the Fisher ideal price index between countries 2 and 1,
qp - q
P

and s¢ =="—"1is the country ¢ expenditure share on basic heading category 7 for ¢ = 1, 2 and

n=1,..., V.
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Diewert (2009, 208) also suggested the weighted asymptotically quadratic (WAQ) measure of
relative price dissimilarity, Ay,o(p', p*, 4> 4):"

N 2 2
—_— 1 P‘VI
627)  Awalpr b 0) =2 @@ = { B D) 1}
{wapaqmp; ”
N -1 L
?;

If prices are proportional for the two countries so that p? = Np' for some positive scalar N, then P,(p',
7% 4", %) = \, and the measures of relative price dissimilarity defined by (6.26) and (6.27) will equal
its minimum of 0. Thus the smaller is Ay, (2", 2% ¢, 4°) or Ay (2", 2% 4" ¢°), the more similar is
the structure of relative prices in the two countries. These two measures of price dissimilarity were
the measures of relative price dissimilarity preferred by Diewert (2009), and they will be used in
sections 6.5 and 6.6 in numerical examples to illustrate the MST method for making multilateral
comparisons. The following measure of relative price dissimilarity is used in the numerical examples
as well; it was also used by Kravis, Heston, and Summers (1982, 105) and Hill (1999a, 1999b, 2001,
2004). It is essentially a normalization of the relative spread between the Paasche and Laspeyres price
indexes, and so it is known as the Paasche-Laspeyres spread (PLS) relative price dissimilarity measure:

P, P
(6.28) Aps (' 2% 45 ¢7) = max {FL 7”} -1
P L
r-q P
where P, =——— and = ——=. As noted in chapter 5, a major problem with this measure of
. q .

relative price dissimilarity is that it is possible for P, to equal P,, and yet p* could be very far from
being proportional to p'.

As noted, Hill's MST method of similarity or spatial linking using the three measures of
relative price dissimilarity just described will be illustrated in the sections 6.5 and 6.6. using small
numerical examples. Basically, instead of using the GEKS country shares s defined by (6.24) in
the previous section, the shares generated by the minimum spanning tree (relying on the three dis-
similarity measures) are used to link all of the countries in the ICP. Once these country shares s,
have been defined, again use equations (6.25) in order to form the regional shares S..

The next section describes yet another method proposed for linking the regions.

6.4 A Least Squares Method
for Linking the Regions

Recently, another method for linking the regions while respecting regional parities was proposed by
Robert J. Hill (2010). In order to explain how this method works, it is useful to define some new
notation that is related to the notation used at the beginning of this chapter. As in section 6.1, it
is assumed that there are R regions, and that region 7 is made up of C(7) countries forr=1, 2, ...,
R. It is also assumed that each region 7 has constructed a purchasing power parity for a national
accounts aggregate such as consumption or aggregate final demand. Within each region 7 the
country ¢ aggregate PPP is denoted by o > 0, say, forr=1, ..., Rand c= 1, ..., (7). Assume that
country ¢ = 1 is the numeraire country in each region, and so the PPP for this numeraire country
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is set equal to unity so that o, = 1 for 7= 1, ..., R. As usual, each region would like these relative
PPPs to be respected in a world comparison of the same national accounts aggregate.

In addition to the regional PPPs o, Hill (2010) assumes that a global or worldwide com-

parison has been undertaken for the same aggregate using some method such as GEKS. The world
PPP for country cin region ris denoted by 'y, >0 forr=1,..., R andc=1, ..., C(). It is assumed
that country 1 in region 1 is the numeraire country in the global comparison so that y,, = 1.

It would be ideal if the global parities (the vy, ) were completely consistent with the regional
parities, the . This will be the case if there exists a set of interregional parities, 3, >0 forr=1, ...,

R such that the following equations hold:
(6.29) Y.=Bo; r=1 .., Rec=1,...,C{).

In general, it would not be possible to find B, ..., B, so that equations (6.29) hold. Thus Hill
follows the example of Gini (1924) and the other founders of the GEKS method and chooses 3,
in order to solve the following least squares minimization problem.:

R Clr)

(6.30) ming o > [ln Y,-1InB,-In an.]z.

r=1 ¢

The first-order conditions for the minimization problem (6.30) lead to the following solution for
the interregional PPPs:

C(»
6.31) B,*:HP“} o or=1,...,R
c=1

rc

Thus the interregional parity for region 7 B, is equal to the geometric mean of all the ratios

rc
(the global PPP for country ¢ in region 7 7,, to the corresponding regional PPP for country ¢
in region 7 ) over all countries ¢ in the r-th region. Looking at the minimization problem,

re

can be regarded as an estimate for 3, and the overall estimator

Y
one can see that each ratio o

re

is the geometric mean of these country-specific estimators. Note the similarity between
this method for linking the regions and Diewert’s variant of the Country Product Dummy
method for linking basic heading PPPs across regions while respecting regional BH parities.

Once the regional parities 37 have been determined by equations (6.31), the global PPPs that
respect the within-region relative parities can be given by B*a forr=1,..., Randc=1, ..., C(7).

What are the advantages and disadvantages of this method for linking the regions as opposed
to the Heston-Dikhanov method? The Hill method has two advantages:

¢ Itisademocratic method: each country ¢ in region 7 contributes equally to the formation
of the regional parity .

rc

* Itis possible to work out standard errors for the regional parities 3, treating each ratio o

rc

forc=1,..., C(r) as an equal contributor to the overall geometric average that is equal to *.

However, the democratic nature of the Hill method could be regarded as a disadvantage as well: why
should a tiny country in region 7 have the same weight as a very large country in the region in deter-
mining the regional parity 8,2 The Heston-Dikhanov method does not suffer from this problem: a
large country in a region will contribute a large country share to the overall region’s share of world

product, whereas a small country will contribute only a small country share to the regional share.
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The two small numerical examples that follow in sections 6.5 and 6.6 demonstrate how the
different methods suggested in this and the previous three sections perform in practice. The first
example uses an artificial data set, and the second example uses a small subset of the 1985 ICP data.

6.5 A Numerical Example
Based on an Artificial Data Set

In this example, there are only four countries and two commodities. There are also two regions:
region 1 consists of the first two countries, and region 2 consists of the second two countries
(see table 6.1). The basic data for the countries are the within-region r basic heading PPP for

commodity 7 for country ¢ in region 7 o, ; the expenditure on commodity class 7 for country ¢

ren?
in region 7 in domestic currency, £,_; and the market exchange rate for country ¢ in region 7 €,
(which does not depend on commodity 7), for r=1, 2; ¢ = 1, 2; and 7 = 1, 2. The basic heading
interregional PPPs for the numeraire countries in each region, (3, , are the parities for commodity
n for region 7 relative to region 1.

Thus
for commodity class 1, the following world BH PPPs are obtained: v,,, = 15,5, = 20; v,,, = 2;

Eight world basic heading PPPs are obtained using equations (6.3), vy,,, = B

marm'

Y22, = 20. For commodity class 2, the following world BH PPPs are obtained: y,,, = 1; 7y,,, = 4;
Yai2 = 4 Van = 16.

Working through the algebra in section 6.1, the option 1 shares of world output for regions 1
and 2 turn out to equal 0.45134 for region 1 and 0.54866 for region 2. As expected, the same
regional shares are obtained no matter which region is chosen as the numeraire region and no mat-
ter which country is chosen as the numeraire country within a region.

The option 2 regional shares turn out to depend on the choice of the regional numeraire
countries as expected. Letting country 1 in each region be the numeraire country, 0.45676 and
0.54324 are obtained as the two regional shares of the world product. Letting country 2 in region 1
be the numeraire country and maintaining country 1 in region 2 as the numeraire country results
in 0.46287 and 0.53713 as the new regional shares of the world product. Letting country 1 in
region 1 be the numeraire country and letting country 2 in region 2 be the numeraire country
results in 0.46041 and 0.53959 as the new regional shares of the world product. The bottom line
is that the option 2 regional shares are not invariant to the choice of the numeraire countries in
the regions.”

The option 3 regional shares®' (Sergeev option) turn out to be S, = 0.46186 and S, = 0.53814.
Recall that the option 1 regional shares were 0.45134 for region 1 and 0.54866 for region 2. Thus
the option 1 and 3 regional shares differ by about 2.3 percent.

TABLE6.] Numerical Example: Four Countries in Two Regions

Region 1 Region 2 Regional basic

Country 1 : Country 2 : Country 1 Country 2 L L

A 0TI O W 20 0 0 0 T e 0 0 0 - O
T i1 01 08 2 i s i i3 0 00 18 1 2

21 s s 4 8 5 1 200 3 0 4 000 18 1 4
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TABLE6.2 Star and GEKS Country Shares of World Product

S e e
Country 1 : Country 2 : Country 1 Country 2
vvRegiOh.],',cb,uh,wéstar...,,,,.v T T o
Regon2, oy lstr 04489 009 030009 0265
RegonZcouny2sar 0331 00a5 096 0BM8
B T e e ..... e

Note: GEKS = Gini-Elteté-Kéves-Szulc.

The regional shares for the methods explained in section 6.3 will now be calculated. The
individual country shares of world output using each of the four countries as the “star” in the bilat-
eral Fisher index number comparisons are listed in the first four rows of table 6.2. The table reveals
some relatively large differences between these world shares, particularly for the small country 2 in
region 1. The GEKS country shares of world product are listed in the last line of table 6.2.

The GEKS volume shares in the last row of table 6.2 are defined by equations (6.24)—that
is, the entries for the last row of the table are the GEKS shares s, 5,,, 5,,, and s,,, respectively. Using
these country shares, one can define the regional GEKS shares S, by (6.25) so that, by using the
entries in the last line of table 6.2, S, and S, are defined as

(6.32) S, =5, + 5, = 0.47662; S, = 5, +5,, = 0.52338.

Thus the GEKS share of world output for region 1 is 0.47662, which is higher than the cor-
responding region 1 shares for the option 1 method (0.45134) and for the option 3 method
(0.46479).

Finally, the MST or similarity or spatial linking method regional shares are calculated using
the three dissimilarity measures defined by (6.26) (WLQ), (6.27) (WAQ), and (6.28) (PLS).

The first measure of relative price dissimilarity is the weighted log quadratic measure of
relative price dissimilarity between countries 1 and 2, Ay, (2", 2% 4", 4°), as defined by (6.26).
The 4 x 4 matrix of relative price dissimilarity measures appears in table 6.3. For convenience in
labeling the countries, set country 1 equal to country 1 in region 1, country 2 equal to country

TABLE6.3 Weighted Log Quadratic Relative Price Dissimilarities between
Countries /jandj

Country 1 : Country 2 : Country 3 Country 4
Coumry2 ,,,,,,,,,,,,,, 059465 ,,,,,,,,,,,,, 000000 B ]22741 e 0 ‘25253 ,,,,,,,,,
. (Omy R 0120}1 ............. 12274] ............. 000000 AAAAAAAAAAAAAAAAA 0 ‘17%3 AAAAAAAAA
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2 in region 1, country 3 equal to country 1 in region 2, and country 4 equal to country 2 in
region 2.

Table 6.3 reveals that countries 1 and 4 have the most similar structures of relative prices,
with a dissimilarity measure equal to 0.01057. The next pair of countries with the most similar
structures of relative prices is 1 and 3; they have a dissimilarity measure equal to 0.12011. Thus
countries 3 and 4 can be linked to country 1 using the bilateral Fisher quantity index between
4 and 1 and between 3 and 1. The next pair of countries most similar in structure is 3 and 4,
with a dissimilarity measure equal to 0.17933. But these two countries are already linked, and
so the next lowest measure of relative price dissimilarity is considered. The next most similar
pair of countries is 2 and 4, with a dissimilarity measure equal to 0.25253. The bilateral Fisher
quantity index is used to link country 2 to country 4, and so now all countries in the “world”
have been linked using bilateral links. The volumes of all four countries relative to country 1
turn out to be 1.00000, 0.09305, 0.70711, and 0.52440. This result leads to the following vec-
tor of country shares of world output: 0.43019, 0.04003, 0.30419, and 0.22559. Adding up
the shares of the countries in each region produces the following spatially or similarity linked
regional shares of world output:

(6.33) S, =5, +5,=0.47022; S, = 5,, +5,, = 0.52978.

Thus under the spatial linking method, 0.47022 is region 1’s estimated share of world output,
compared with the Heston-Dikhanov-GEKS estimate of 0.47662 and the Sergeev option 3 esti-
mate of 0.46479.

The second measure of relative price dissimilarity is the weighted asymptotically quadratic
measure of relative price dissimilarity, Ay, (2", p* ¢', ¢°), defined by (6.27). The corresponding
4 x 4 matrix of relative price dissimilarity measures appears in table 6.4. The labeling of countries
is the same as in table 6.3.

Table 6.4 shows that countries 1 and 4 have the most similar structures of relative prices,
with a dissimilarity measure equal to 0.02135. The next pair of countries with the most simi-
lar structures of relative prices is 1 and 3 with a dissimilarity measure equal to 0.25736. The
next pair of countries most similar in structure is 3 and 4, with a dissimilarity measure equal
to 0.41607. But these two countries are already linked, so the next lowest measure of relative
price dissimilarity is for countries 2 and 4, with a dissimilarity measure equal to 0.91013. The
bilateral Fisher quantity index is used to link country 2 to country 4, and so now all countries
in the “world” have been linked using bilateral links. One ends up with exactly the same mini-
mum spanning tree produced using the weighted log quadratic measure of dissimilarity, and

TABLE6.4 Weighted Asymptotically Quadratic Relative Price Dissimilarities between
Countries /jandj

L oLl Country 3 § Country 4
Qumy2 6 oo 4w 09103
Couny3 BV A s B Y S S

Country 4 § 002135 § 091013 § 041607 f 0.00000
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TABLE6.5 Paasche-Laspeyres Spread Relative Price Dissimilarities between
Countries/iandj

i
Gyl oo000 1500 0DSO0
Gy S0 oo . 35000
e S e S S
i — R e R

so all further analysis of this case is the same as that in the previous case. It is encouraging that
Diewert’s two most preferred measures of relative price dissimilarity give rise to exactly the same
set of links.

The third measure of relative price dissimilarity is the Paasche-Laspeyres spread, A, 4(p',
% 4" ¢°), defined by (6.28). The 4 x 4 matrix of relative price dissimilarity measures gener-
ated by this measure appears in table 6.5. The countries are labeled in the same fashion as in
table 6.3.

Working through the information in table 6.5, one can see that the minimum spanning tree
using the Paasche-Laspeyres spread measure of dissimilarity is exactly the same as the MST using
the previous two dissimilarity measures. Thus for this example all three dissimilarity measures
generate the same set of bilateral linkages and hence the same estimates of country and region
relative volumes.

A summary of the region 1 share of world output using the various methods appears in
table 6.6.

The differences between the various methods are fairly substantial: a 4.2 percent difference in
the share of region 1 for the highest share method (spatial linking with any of the three dissimilarity
measures) compared with the lowest share method (regional unit values method).

The following section considers another numerical example based on actual ICP 1985 data
that leads to even bigger numerical differences between the various methods.

TABLE6.6 Share of World Output for Region 1 Using Various Methods

Option 1 (regional unit values method) 0.45134
vv(v)[v)tvibhvzv:vbavsvevcvovuvﬁtvﬂvevs;v1vihvrvegion1ﬂ negon2 o 045676
Option 2 base counties: 2inegion : 1inregion2. o 046287
vv(v)[v)fibhvzv:vbavsvevcvovuvﬁtvnvevs;v1vihvrvegion1;2inregion2 “““““““““ o 046041
* Opton 3 geometic mean aveage pices neachregion o 046136
Hesm nD |khanovGEK3 ........................ | — 04766 .
patal lnking (veighted og quadratic dissmirity) o 047022
 Spatillinking (weighted asymptotic quacratic dissimilarity) z o 047022
»FSFbétbiablblihkbihbgb(FP;aébsﬁHé—»L»ésbpbebyresspreaddissimilarity) “““““““““ o 047022

Note: GEKS = Gini-Eltetd-Kéves-Szulc.
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6.6 A Numerical Example
Based on 1985 ICP Data

Yuri Dikhanov (1994 and 1997) generated some highly aggregated data (across basic heading
groups) from the 1985 ICP on five consumption components for eight countries/economies:

1 = Hong Kong SAR, China
2 = Bangladesh

3 = India

4 = Indonesia
5 = Brazil

6 = Japan

7 = Canada

8 = United States.

Hong Kong SAR, China; Japan; Canada; and the United States can be considered to be “rich,”
while Bangladesh, India, Indonesia, and Brazil can be considered to be “less rich.”
The five consumption categories are as follows:

1 = durables

2 = food, alcohol, and tobacco

3 = other nondurables, excluding food, alcohol, tobacco, and energy
4 = energy

5 = services.

The expenditure data (converted to U.S. dollars) and the volume or “quantity” data for the
eight countries are listed in tables 6.7 and 6.8, respectively.

If the entries in table 6.7 (expenditures converted to U.S. dollars at market exchange rates)
are divided by the entries in table 6.8 (quantities in comparable units), the basic heading prices
(converted into U.S. dollars at market exchange rates) for each commodity class for each country
are obtained. These prices are listed in table 6.9.

Thus the U.S. price level for each commodity group is set equal to 1, and the other prices
are the average domestic prices for the commodity group converted into U.S. dollars at the 2005

TABLE6.7 Expenditures for Eight Countries/Economy and Five Consumption

Categories
US$ millions

Ctegry ~ WK BGD D INDO  BRA N . CAN S
1 L4300 0 1983 0 B07 L 834 5272 307547 0 w411 967374
DS MBS UeI mE | SST e85 miss | TReS
3 14951 0 5000 60748 15158 0 60798 ¢ 272875 69461 992761
402619 0 3004 - 406 17573 39933 15835 | 4338 52488
5 L1240 1167 166826 61248 273669 ¢ 1736977 379,629

Source: Yuri Dikhanov, tabulations of 1985 ICP results.

Note: 1= durables; 2 = food, alcohol, and tobacco; 3 = other nondurables, excluding food, alcohol,

tobacco, and energy; 4 = energy; 5 = services. HK = Hong Kong SAR, China; BGD = Bangladesh; IND = India;
INDO = Indonesia; BRA = Brazil; JPN = Japan; CAN = Canada; US = United States.
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TABLE6.8 Quantities (Volumes) in Comparable Units for Eight Countries/Economy
and Five Consumption Categories

i v i s e B i Bt S e
2 ol 459 36756 B3 163868 | 5186 63680 | 778665
3 7S 0588 . 180964 - 9879 6574 X064 58261 9761
4 0% 303 83 208 0 B | 949 357W . 5428
5 m48 46T 7818 I35 SAB6 169516 41210 5590458

Note: See table 6.7 for consumption categories and country/economy abbreviations.

market exchange rates. For durables, India has the lowest price level at 0.77, and Canada has the
highest at 1.16. For food, India has the lowest prices at 0.50, and Japan has the highest at 1.78.
For other nondurables, India has the lowest price level at 0.33, and Japan has the highest level at
1.36. For energy, Indonesia has the lowest price level at 0.79, and Japan has the highest at 2.12.
Finally, for services India has the lowest price level at 0.21, and Japan has the highest at 1.02.
Thus the amount of price level variation across countries ranges from 38 percent for durables to
500 percent for services.

These data are used to compute relative consumption volumes for the eight countries using
various multilateral methods. Instead of normalizing the relative volumes into shares of “world”
consumption, the consumption of each country relative to the consumption of the United States
is calculated. This is simply an alternative normalization of the country relative volumes.

The star method of constructing relative volumes for the eight countries is explained briefly
in section 6.2. Basically, one country is chosen as the “star” country, and the Fisher quantity index
of all other countries is calculated relative to the star country. Thus the volumes of all eight coun-
tries are given relative to that of the star country. Table 6.10 lists these star relative volumes, but
they have been normalized so that the volume of country 8 (the United States) has been set equal
to unity, thereby giving some indication of the variability in the data.

The Fisher star parities for the seven countries relative to the United States have the fol-
lowing relative volume ranges: Hong Kong SAR, China: 0.01257-0.01355 (7.7 percent varia-
tion); Bangladesh, 0.01277-0.01437 (12.5 percent); India, 0.14351-0.16439 (14.5 percent);

TABLE6.9 Prices or PPPs of Consumption Components for Eight Countries/Economy
and Five Consumption Categories

U.S. dollars

T ——————
2 LSS 05274 04953 0606sd | 06398 17882 12889 | 10
R 08513 | 048168 | 03369 . 050731 . 093143 . 1300 | 1124 | 10
a 23978 10011 09769 | 0797 16664 21704 | 12359 10
5 o7es 02w 020 02% - 0S064 10268 0S09% 10

Note: See table 6.7 for consumption categories and country/economy abbreviations.
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TABLE6.I0 Fisher Star Volumes Relative to That of United States

, PN N U
Sarl 001346 ¢ 001367 ¢ 016021 005158 | 009192 027530 007444 ©  1.00000

Star2 ©001257 ¢ 001277 ¢ 04351 ¢ 0.04660 008984 i 024629 ¢ 007129 ¢ 1.00000

Star 3 ©001275 ¢ 001350 ¢ 015178 ¢ 0.04984 ¢ 009040 ¢ 02559 ¢ 0.07328 : 1.00000

Star 4 ©001277 ¢ 001341 ¢ 014902 ¢ 0.048%4 009141 ¢ 0254% ¢ 007262 : 1.00000

Star5 ©001323 ¢ 001284 ¢ 015169 ¢ 004837 ¢ 009035 ¢ 026357 ¢ 007372 ¢ 1.00000

0.01355 0.05322 0.09504 0.27724 0.07404 1.00000

Ctegry ~ HK . BGD  IND . INDO

004894 009035

Note: See table 6.7 for country/economy abbreviations.

Indonesia, 0.04660-0.05322 (14.2 percent); Brazil, 0.08984-0.09504 (5.8 percent); Japan,
0.24629-0.27724 (12.6 percent); and Canada, 0.07129-0.07464 (4.7 percent). Thus the varia-
tion in relative volumes is quite large, depending on which country is used as the base country in
a comparison based on the use of Fisher star parities.

The GEKS, GK, and IDB methods* for comparing relative volumes were explained in pre-
vious sections and in chapter 5. Consumption volumes (relative to the United States) for the eight
countries were computed using these methods, and they are listed in table 6.14, which appears
later in this chapter.

Hill's MST spatial linking method was used as well. The relative volumes were computed
using the three dissimilarity measures in equations (6.26)—(6.28). The first measure of relative
price dissimilarity is the weighted log quadratic measure of relative price dissimilarity as defined by
(6.26). The 8 x 8 matrix of relative price dissimilarity measures appears in table 6.11.

Table 6.11 reveals that the eight countries plus one economy fall into two groups that have
similar price structures: the rich countries—Hong Kong SAR, China; Japan; Canada; and the
United States (countries 1, 6, 7, and 8)—form one group, and the less rich countries—Bangladesh,
India, Indonesia, and Brazil (2, 3, 4, and 5)—form the other group. The linking between the two

TABLE6.11 Weighted Log Quadratic Relative Price Dissimilarities between Eight
Countries/Economy

Us

: 0 w0 N
MK 0 000000 © 01005 ¢ 011017 ¢ 009067 007011 001381 | 003660 © 006143

BGD ¢ 00056 ¢ 0.00000 ¢ 001188 i 001165 ¢ 0.05632 0.10506 : 013237 023223

PN 0.01381 0.10506 0.13429 0.07726 0.09146 0.00000 0.01904 0.05322
CAN 0.03660 0.13237 0.18955 0.09610 0.08770 0.01904 0.00000 0.02020
us 0.06143 0.23223 0.29841 0.19600 0.14328 0.05322 0.02020 0.00000

Note: See table 6.7 for country/economy abbreviations.
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TABLE6.12 Weighted Asymptotic Quadratic Relative Price Dissimilarities between
Eight Countries/Economy

CHC 000000 02407 027260 0B85 | 0I54% 0014 010005 0106
BD 02407 000000 | 0OM44 | 00MSS 011694 02843 0319 05879
ND . 027260 | 0024 . 00000 . 007D . 019069 | 036500 050994 088

NDO 020885 002455 00705 . 000000 . 015038 . 020144 . 02138 045346

BRA 0 045436 011694 1 019169 015038 i 000000 021447 i 020876 036462

PN 002914 02843 036590 020144 021447 © 000000 i 004023 011820

CAN 010005 © 032119 © 050994 021328 ¢ 020876 004023 000000 © 004106

US 018062 : 058729 © 085586 . 045346 . 036462 : 011820 - 004106 : 0.00000

Note: See table 6.7 for country/economy abbreviations.

groups took place via Hong Kong SAR, China and Brazil.® The details of the spatial linking process
are as follows. Country 7, Canada, is linked to country 8, the United States (the WLQ dissimilarity
measure, AWLQ, equals 0.0202), and also to country 6, Japan (A = 0.019). Then country 6, Japan,
is linked to country 1, Hong Kong SAR, China (A = 0.0138), which completes the linking of the
rich countries. Country 2 acts as a star country for the poorer countries: country 2, Bangladesh,
is linked to country 4, Indonesia (A = 0.0116), to country 3, India (A = 0.0118), and to country
5, Brazil (A = 0.056). Finally, the two groups of countries are linked via countries 1, Hong Kong
SAR, China, and 5, Brazil (A = 0.070). The resulting MST volumes relative to the United States
are listed in table 6.14.

The second measure of relative price dissimilarity is the weighted asymptotic quadratic mea-
sure of relative price dissimilarity, as defined by (6.27). The 8 x 8 matrix of relative price dissimilar-
ity measures appears in table 6.12.

The WAQ dissimilarity measures listed in table 6.12 are roughly two to three times the size
of the WLQ measures listed in table 6.11. The lowest measure of dissimilarity is between Bangla-
desh and India (A, = 0.02444) and between Bangladesh and Indonesia (A = 0.02444). Then
there is a shift to the rich countries, where the next lowest measure of dissimilarity is between
Hong Kong SAR, China and Japan (A = 0.02914). The next lowest measure is between Japan
and Canada (A = 0.04023) and then between Canada and the United States (A = 0.04106).
Thus the rich countries are linked: Hong Kong SAR, China to Japan, then Japan to Canada,
and then Canada to the United States. The next lowest measure of dissimilarity is between India
and Indonesia, but Bangladesh has already been linked to both India and Indonesia, and so one
must move to the next lowest measure of dissimilarity, which is between Bangladesh and Brazil
(A =0.11694). Thus all of the poor countries are now linked: Bangladesh is a poor country star,
directly linked to India, Indonesia, and Brazil. Now to link the rich and poor countries, and
the lowest dissimilarity measure between these two groups is again between Hong Kong SAR,
China and Brazil. Thus the MST generated by the weighted asymptotic quadratic measure of
relative price dissimilarity is exactly the same as the tree generated by the weighted log quadratic
measure. Thus the MST (WLQ) relative volume parities will be exactly the same as the MST
(WAQ) parities (see table 6.14).

The third measure of relative price dissimilarity is the Paasche-Laspeyres spread measure of
relative price dissimilarity defined by (6.28). The 8 x 8 matrix of relative price dissimilarity mea-
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TABLE6.13 Paasche-Laspeyres Spread Relative Price Dissimilarities between
Eight Countries/Economy

N AN
001907 008539

86

IND . IND0O  BRA
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0.00000 002484 © 002354 © 009876

Note: See table 6.7 for country/economy abbreviations.

sures appears in table 6.13.

The lowest measure of dissimilarity is between India and Brazil (A, 5 = 0.00007) and then
between Canada and the United States (A = 0.00133). The next lowest measure of dissimilarity is
between Japan and Canada (A = 0.01615) and then between Japan and Hong Kong SAR, China
(A =0.01907). Thus the rich countries are linked: Hong Kong SAR, China to Japan, then Japan to
Canada, and then Canada to the United States, which is exactly the same set of linkages generated by
the WLQ and WAQ measures of dissimilarity. The next lowest measure of dissimilarity is between
Indonesia and Canada (A = 0.02150), and so the rich and poor countries are now linked by Indonesia
and Canada! Recall that in the previous two spanning trees, the rich and poor countries were linked by
Hong Kong SAR, China and Brazil. The next lowest measure of dissimilarity is between Bangladesh
and Indonesia (A = 0.02354) and then between Bangladesh and India (A = 0.02484). Thus now all
of the poor countries are linked: Indonesia to Bangladesh, Bangladesh to India, and India to Brazil.
As mentioned earlier, rich and poor countries are linked via Indonesia and Canada. Thus the MST
generated by the Paasche-Laspeyres spread measure of relative price dissimilarity is quite different from
the trees generated by the WLQ and WAQ measures. The MST (PLS) relative volume parities are
reported in table 6.14. It lists the country consumption volumes relative to those of the United States

TABLE6.14 Country/Economy Consumption Volumes Relative to the Those of the
United States Using Six Multilateral Methods

Method ~ HK . BGD  INDIA  INDO . BRA . JN AN US
GEKS 001315 | 00132 015317 . 00496 009128 | 026556 | 007357 10

STy
MsTong)
st
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e
001349
001349

001386

00136

00310

00310 |
0087
001357
00mR

0.16258

0470
0.14720
01540

016187

0.05057

00
004779
005007

005143

009214

0.09613

009214

009184

009441

0.27814

075%
027596
0275%

07076

0.07431

00749
00749
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0oy

Note: GEKS = Gini-Eltetd-Kéves-Szulc; MST = minimum spanning tree; WLQ = weighted log quadratic; WAQ
= weighted asymptotically quadratic; PLS = Paasche-Laspeyres spread; GK = Geary-Khamis;
IDB = Iklé-Dikhanov-Balk. See table 6.7 for country/economy abbreviations.
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for the six multilateral methods.

In table 6.14, the volume parities for the seven countries relative to the United States
have the following ranges: Hong Kong SAR, China, 0.01315-0.01386 (5.4 percent variation);
Bangladesh, 0.01310-0.01392 (6.3 percent); India, 0.14720-0.16258 (10.4 percent); Indonesia,
0.04779-0.05143 (7.6 percent); Brazil, 0.09128-0.09613 (5.3 percent); Japan, 0.26556-0.27814
(4.7 percent); and Canada 0.07357 to 0.07429 (1.1 percent). Thus the variation in relative vol-
umes is quite large, depending on which multilateral method is used.

The relative consumption volumes generated by the four methods based on the use of a bilat-
eral superlative index (the GEKS and the MST or similarity linking methods) are fairly close to
each other, and the relative consumption volumes generated by the two additive methods (GK and
IDB) are also fairly close to each other. However, the additive methods tend to overstate the con-
sumption levels of the poorer countries (Bangladesh, India, Indonesia, and Brazil) relative to that
of the United States.”

Based on table 6.14, it is difficult to choose between GK and IDB if an additive method is
required: both methods tend to overstate the volumes of poor countries relative to those of rich
countries, but the degree of overstatement seems to vary between poor countries.

Turning to methods based on the economic approach to multilateral comparisons, the MST
method based on the Paasche-Laspeyres spread is not recommended because this measure of dis-
similarity does not adequately distinguish dissimilar price vectors. In the empirical example just
given, the WLQ and WAQ measures of dissimilarity gave rise to the same set of comparisons,
and so for this example these two variants of the MST method cannot be distinguished from one
another. The differences between the GEKS volume estimates and the MST (WLQ) estimates are
smaller than the differences between the GEKS estimates and the two additive methods, but there
are some significant differences.”®

What are the advantages and disadvantages of using the GEKS method versus the MST
(WLQ) or MST (WAQ) method? The GEKS method has the advantage of using all possible
bilateral comparisons between each pair of countries in the comparison, and thus it is more robust
to data problems in any one country. On the other hand, the MST method is very dependent on
each set of bilateral comparisons in the final tree of comparisons, and so poor-quality data for any
single country could adversely affect the overall quality of the comparison. But if the quality of
the data is roughly the same across countries, the MST method is the spatial counterpart to the
use of the chain principle in annual intertemporal comparisons—that is, using the MST method,
the countries that have the most similar structures of relative prices are compared, and bilateral
comparisons are generally regarded as being more accurate if the structure of relative prices is
similar. Thus in the empirical example just presented, the United States and Canada (which have
very similar structures of relative prices) are linked directly via the Fisher index between these two
countries using the MST method, whereas under GEKS, links involving all other countries enter
the comparison. Thus if data quality were uniformly high across countries, the MST method
would seem to be preferred over the GEKS method.*

Now consider the problems associated with forming regional shares of “world” consump-
tion, where the “world” is simply the eight countries listed earlier. Suppose the first four countries
form an “Asian” region, region 1, and the remaining four countries form a “rest of the world”
region, region 2. Obviously, the Heston-Dikhanov method for forming regional shares can be
applied to the data in table 6.14. The consumption volumes (relative to that of the United States)
listed there for the GEKS method, the three MST methods, the GK method, and the IDB method
can be converted into shares of “world” consumption, and then the first four country shares can be
summed to form the region 1 shares, S1 and 52. The resulting region 1 shares for the six methods
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TABLE6.15 Regional Consumption Quantities or Volumes Q,, by Consumption Category
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Note: See table 6.7 for consumption categories.

are listed in table 6.18.

It is also useful to calculate the region 1 shares of “world” consumption for the option 1
(Diewert) and option 3 (Sergeev) methods. Equations (6.7) and (6.8) are first used to calculate
the country and regional quantity vectors; the country expenditures £, , are listed in table 6.7,
and the country basic heading PPPs (which can be set equal to vy, ) are listed in table 6.9. The
resulting matrix of regional consumption volumes or “quantities” defined by (6.8), Q, , are listed
in table 6.15.

The regional unit value commodity prices 7 for each region 5 P, defined by (6.12) are listed
in table 6.16.

As could be expected, the region 2 unit value commodity prices are all relatively close to the
U.S. prices (which are all equal to unity) because three out of four of the region 2 countries are
“rich” and hence have price structures similar to the U.S. structure. The region 1 unit value prices
are all lower than the corresponding region 2 prices, and for commodity group 5, services, the
region 1 unit value price is considerably lower. Now the Fisher quantity index for region 2 relative
to region 1 can be calculated using the regional price and quantity data listed in tables 6.15 and
6.16. The resulting index is equal to 6.26177. Thus the relative regional consumption volumes
are 1 and 6.17739, and when these volumes are converted into shares, the region 1 share of world
consumption is 0.13771 and the region 2 share is 0.86229.

Finally, the option 3 additive method suggested by Sergeev (2009) is evaluated. To imple-
ment this method, it is necessary to compute the geometric mean of the regional basic heading
prices listed in table 6.8. Recall equations (6.18). These regional geometric mean prices P, are
listed in table 6.17.7

The pattern of regional commodity prices is fairly similar in tables 6.16 and 6.17. To com-
plete the analysis for this case, the Fisher quantity index for region 2 relative to region 1 is cal-
culated using the regional quantity and price data listed in tables 6.15 and 6.17, respectively,
and the resulting index is equal to 6.17739, which is very similar to the corresponding option 1

TABLE6.16 Regional Unit Value Consumption Prices or PPPs P, by Consumption
Category

1 : 4 5

Region 1 : 0.82560 : 101274 0.26510
Region 2 Comss 113987 0967%

Note: See table 6.7 for consumption categories.
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TABLE6.]7 Regional Geometric Mean Prices or PPPs P,ﬁ by Consumption Category
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Note: See table 6.7 for consumption categories.

Fisher index, which was equal to 6.26177. Thus the relative regional consumption volumes for the
Sergeev method are 1 and 6.17739, and when these volumes are converted into shares, then the
region 1 share of world consumption is 0.13933 and the region 2 share is 0.86067.

The resulting region 1 shares of “world” consumption generated by the various methods
discussed earlier are summarized in table 6.18.

Although the variations in the region 1 shares that the various methods generate are not huge,
they certainly are not negligible. The percentage differences between the various estimated shares
and the preferred MST (WLQ) and MST (WAQ) shares are listed parenthetically in table 6.18.
The preferred MST measure of the region 1 “world” share of real consumption is 3.7-7.6 percent
below the region 1 shares generated by the other methods for linking the regions. More experimen-
tation using data from the 2005 round of the ICP should be carried out before a definitive decision
can be made on which method should be used to link the regions in the 2011 ICP.

6.7 Conclusion

Some tentative conclusions can be drawn from the analysis and examples presented in this chapter:

¢ The option 2 method should be ruled out for the 2011 ICP because, as Sergeev has
pointed oug, it is not invariant to the choice of the numeraire countries in the regions.

¢ The option 1 method should also be ruled out for the 2011 ICP because it depends on
market exchange rates, which are not reliable and hence their use should be avoided

TABLE6.18 Share of World Output for Region 1 Using Various Methods

I Ry D N—

“ Opt|on 1 (regional unit values method) 0.13771 (3.4 %)

Option 3 geometic mean average prices meachregion 0BBUCH
GEK.S. B b e N 013815 (3‘7. % ) AAAAAAAAAAAAAAA
B 0}4243 (7(‘) % ) ,,,,,,,,,,,,,,,
e 014326 (7‘6. % ) AAAAAAAAAAAAAAA
MsT (PLS) ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, owgggw (3‘9.%,) ,,,,,,,,,,,,,,,,

. Msf (WLO) and MST (WAO) AAAAAAAAAAAAAAAAAAAAAAAAAAAAA ................ 013316 AAAAAAAAAAAAAAAAAAA

Note: See table 6.14 for methodology abbreviations.
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if possible.

¢ The option 3 method is not fully consistent with the economic approach to index num-
ber theory because the method is inherently an additive one (when constructing regional
volume aggregates), and additive methods are subject to substitution bias.

¢ The use of the GK or IDB method should perhaps be ruled out for “headline” estimates
for country and interregional parities for major aggregates because of their inherent sub-
stitution biases. These methods could be used, however, to provide users with analytical
tables when they demand an additive method.?®

* GEKS remains a viable method for constructing regional shares in a consistent manner.

* Various forms of spatial linking should also be considered for the 2011 ICP, but the use
of this method should await more experimental results using the 2005 ICP database.

NOTES

1.

10.

11.

12.

The five geographic ICP regions in 2005 were Africa, Asia-Pacific, Commonwealth of Inde-
pendent States (CIS), South America, and Western Asia. The Eurostat—Organisation for Eco-
nomic Co-operation and Development (OECD) members constituted a sixth region.

The author is indebted to Yuri Dikhanov, D. S. Prasada Rao, Sergey Sergeev, and Frederic A.
Vogel for their helpful comments.

These multilateral methods are described in chapter 5.

The Country Product Dummy (CPD) method was used by the Africa, Asia-Pacific, and West-
ern Asia regions; the Country Product Representative Dummy (CPRD) method was used by
the South America region; and the Gini-Eltets-Kéves-Szulc (GEKS*) method was used by
the Eurostat-:OECD and CIS regions. See chapter 4 for a review of these methods. For details
on how the commodity lists were chosen and how the basic heading PPPs were linked across
regions, see chapters 4 and 5. For a summary of the new methodologies used in the 2005 ICP,
see Diewert (2010).

. 'The 18 Ring countries were the Arab Republic of Egypt; Brazil; Cameroon; Chile; Estonia;

Hong Kong SAR, China; Japan; Jordan; Kenya; Malaysia; Oman; the Philippines; Senegal;
Slovenia; South Africa; Sri Lanka; United Kingdom; and Zambia.

This method flows from the work of Gini (1924, 1931), Elteté and Koves (1964), and
Szulc (1964).

Sergeev (2009b) first noticed this problem with this method, which was used to link the
regions in the 2005 ICP.

. If the country experiences high inflation within the year, finding an appropriate annual price

is more complicated—see Hill (1996).

See the discussion in chapter 5 on additive methods and substitution bias.

See Hill (1999a, 1999b, 2001, 2004). The work by Fisher (1922, 271-274) was a precursor
to the work by Hill.

The method was recently suggested by Robert J. Hill (2010), but it is possible that Eurostat
and OECD have been using variants of this method for some time.

This method of aggregation within a region is related to the geometric average price multilat-
eral method originally suggested by Walsh (1901, 381,398). It was noted by Gini (1924, 106)
and implemented by Gerardi (1982, 387). These authors used reference world prices that were
the geometric mean over all countries in the world. They were applied to all countries, so that

the resulting volume estimates were additive over all countries and all regions. In section 6.5
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13.
14.

15.

16.
17.

18.

19.

20.
21.

22.
23.

24.

25.

26.

27.

of this chapter, the Sergeev method parities are computed using a subset of the 1985 ICP data.
The regional parities and price parities P, are equal to a regional constant times the parities
defined by (6.18). This will retain the fixity of the final regional parities.

For an explanation of the problem, see Marris (1984, 52), Diewert (1999, 48-50), or chapter 5.
See Gini (1924, 1931), Eltets and Koves (1964), Szulc (1964), and Diewert (1999, 31-37)
for the properties of this method.

Instead of using the Fisher ideal quantity index as the basic building block for this method,
any other superlative quantity index could be used in this multilateral method. However, the
Fisher index is generally preferred because of its strong axiomatic and economic properties;
see Diewert (1976, 1992).

Kravis (1984, 10) introduced this “star” terminology.

Heston (1986, 3) suggested essentially the same methodology except that he suggested the
world comparison be made using the GK multilateral method.

On the other hand, the additive methods discussed in the previous section are consistent
with homothetic preferences that can provide only a first-order approximation to arbitrary
homothetic preferences. For further explanation of this point, see Diewert (1999, 31), who
introduced the concept of a superlative multilateral system. The GEKS system is a superlative
method, whereas the additive methods are not. Balk (2009, 82) recently provided an over-
view of various multilateral methods and endorsed the GEKS-Fisher method as a center stage
method, particularly from the economic approach to international comparisons.

For a discussion of how to deal with the problems with (6.26) and (6.27) that arise if any of
the PPPs p are zero, see chapter 5.

See table 6.6 for a summary of the differences due to the choice of different numeraires.

The Sergeev regional price and quantity vectors P" and Q” for » = 1, 2 turn out to be
Pl =1[4.472,2.000], P? = [6.325, 8.000], Q' = [10.1, 12.0], and Q* = [11.0, 15.0].

See Geary (1958), Khamis (1972), and 1klé (1972).

Another possible bilateral link between the two regions would be via Indonesia and Japan.
‘They have a dissimilarity measure equal to 0.07726, which is a bit higher than the Hong Kong
SAR, China and Brazil dissimilarity measure, which is equal to 0.07011.

The GK volumes relative to the GEKS volumes (with U.S. volumes normalized to equal 1) were
all higher for the seven non-U.S. countries by the following percentages: 5.4 percent, Hong
Kong SAR, China; 1.9 percent, Bangladesh; 6.1 percent, India; 1.8 percent, Indonesia; 5.3
percent, Brazil; 4.7 percent, Japan; and 1.0 percent, Canada. The IDB volumes relative to the
GEKS volumes (with U.S. volumes normalized to equal 1) were also all higher for the seven non-
U.S. countries by the following percentages: 2.3 percent, Hong Kong SAR, China; 4.5 percent,
Bangladesh; 5.7 percent, India; 3.6 percent, Indonesia; 3.4 percent, Brazil; 2.0 percent, Japan;
and 0.8 percent, Canada.

The MST (WLQ) volumes relative to the GEKS volumes (with U.S. volumes normalized to
equal 1) differed by the following percentages: 2.6 percent, Hong Kong SAR, China; -1.7
percent, Bangladesh; -3.9 percent, India; -3.8 percent, Indonesia; 0.9 percent, Brazil; 3.9
percent, Japan; and 1.0 percent, Canada.

However, data quality is not uniformly high across countries, and so this argument for the use
of the MST method is not decisive.

For comparison purposes, the vector of international prices generated by the GK method
(with the price of commodity group 1 normalized to equal 1) is [1.00000, 1.16099, 0.99626,
1.22554, 0.86834] and the vector of international prices generated by the IDB method is
[1.00000, 1.10438, 0.92265, 1.53623, 0.66525]. The U.S. prices are all equal to 1. Thus
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when the price of durables is set equal to unity for all three price vectors, the GK and IDB
price levels for food and for energy are above the corresponding U.S. price levels, while the GK
and IDB price levels for other nondurables and services are below the U.S. levels. As expected,
the GK prices are closer to the structure of U.S. prices, whereas the IDB prices are a more
“democratic” average of U.S. and poorer country prices.

28. Based on some empirical evidence developed by Deaton and Heston (2010) using the entire
set of 2005 ICP data, if it is desired to have the additive method parities approximate the
GEKS parities, then IDB appears to be better than GK (the axiomatic properties of IDB may
be more attractive to users than the axiomatic properties of GK). See chapter 5 for a discussion
of the axiomatic properties of the GK and IDB methods.
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CHAPTER

The ICP Survey Framework

Freperic A. VosEL

The primary purpose of the International Comparison Program (ICP) is to provide the means
for converting national estimates of the gross domestic product (GDP) to a common cur-
rency. The foundation of the ICP is a system in which GDP is measured strictly according to the
System of National Accounts and in which purchasing power parities (PPPs) based on a comparison
of national prices for a selected basket of goods and services are used as the currency converters.

Chapter 3 presents the scope of the GDP expenditures and their breakdown into the major
aggregates and basic headings required by the ICP. It is followed by the overview in chapter 4 of
the basic concepts underlying the prices to be collected and the calculation of PPPs.

The PPPs for the more than 100 basic headings included in the final consumption expen-
ditures by household aggregate of GDP are based on a comparison of the national annual average
prices for a set of goods and services purchased by households. The goods and services must be
precisely defined so that comparable products are priced across countries. The national annual
average prices required are obtained from data collected from a sample of sales outlets. This chapter,
devoted to the survey framework, describes the process used to select the products and the outlets.

Not all basic heading PPPs are based on direct price comparisons. For example, indirect
methods are used to estimate PPPs for owner-occupied housing and government services, as
described in chapters 12 and 16.

Within the survey framework presented in this chapter are the processes used (1) to describe
the price-determining characteristics of each product to ensure that like products are priced across
countries, (2) to determine the number of products to be priced, (3) to select the products to be
priced, and (4) to select the sample of outlets where the prices will be obtained. These steps take
into account the fact that basic heading PPPs are essentially an average of the individual product
PPPs within the basic heading. The goal when defining the products is to select those with relative
prices, so that either the Country Product Dummy (CPD) or the Gini-Eltets-Koves-Szulc (GEKS)
method described in chapter 4 provides the basic heading PPP that would be an unbiased estimate
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of the target population’s PPP. The overall reliability of the PPPs at the level of the basic heading
is dependent on the product specifications, the number of products priced, where they are priced,
and the number of countries that provide the prices. As this chapter reveals, the development of
the survey framework is an iterative process that continues through data validation. However, for
discussion purposes these topics will be presented as follows.

The first section describes the process that uses structured product descriptions (SPDs) to
depict the price-determining characteristics of all possible products within the basic heading that
could be selected for price collection.

The second section provides guidelines, using data from the 2005 ICP, for determining the
number of products that should be included within each basic heading and the number that each
country should try to price. This is a crucial step because the PPPs for individual products vary con-
siderably, even within the same basic heading. When the basic heading product PPPs vary widely
by country, more products must be selected for price collection. Smaller numbers of products can
be selected for pricing in basic headings in which only small differences appear in the product PPPs.

The actual selection of the products each country would price in each basic heading is
covered in the third section of this chapter. Each country would want to include products
widely consumed and considered to be representative of its price and consumption patterns.
However, what is important in one country may not be so in another. Therefore, each country
would have to agree to price products that may be comparable with those in other countries,
even though those products may not be important in its own economy. This section provides
the guidelines needed by countries to label each product as “important” or “less impor-
tant.” As described in chapter 4, this form of stratification is used in estimating the basic
heading PPPs.

The fourth section describes how the sampling frame is determined and how the outlets for
price collection are selected. The number of outlets, the type of outlet, and their location and distri-
bution across the country all need to be considered. Guidelines are provided for each of these steps.

The concluding section reviews how the different aspects of the survey framework should be
considered in the data validation step of the ICP.

Determining Product Specifications

A new approach to product classification and identification was developed for the 2005 ICP. This
approach was based on a new international product coding system and a process to describe price-
determining characteristics using structured product descriptions. SPDs provided a standardized
process for creating the detailed specifications for the products to be priced.

Structured Product Descriptions

The first step in devising the SPDs for the 2005 ICP was to harmonize existing classifications
for household consumption items. These classifications included the Eurostat—Organisation
for Economic Co-operation and Development (OECD) classification of expenditure on GDP
(described in chapter 3) and the Classification of Individual Consumption by Purpose (COICOP)
established for houschold budget surveys. The Eurostat-OECD classification served as the base
classification structure for the 2005 ICP when assigning products to basic headings. But the
Eurostat-OECD classification had 222 basic headings, which for ICP purposes was too detailed,
especially for developing countries. Thus the 222 basic headings were combined into 155. The
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COICOP classification structure was then mapped to the Eurostat-OECD structure of 155 basic
headings so that countries using the COICOP classification structure could be integrated into the
ICP process.

After the Eurostat-OECD and COICOP classifications were harmonized, detail was added
about the price-determining characteristics for products within each basic heading. The starting
point was the coding system established by the U.S. Bureau of Labor Statistics (BLS) for the price
surveys for the consumer price index (CPI). Commonly known as the BLS checklist, it is used
during the price collection stage to identify the specifications of the products being priced. The
BLS checklist is designed to describe products in a consistent way. Each checklist contains a list of
characteristics describing a cluster of similar products in a basic heading. In some cases, the product
cluster was the same as the basic heading. For example, there was only one BLS product cluster
each for the rice and fresh milk basic headings. However, in the garment basic heading there were
separate product clusters for men, women’s, and children’s clothing.

The characteristics related to each BLS product cluster were used to form the SPDs—one
SPD for each product cluster within a basic heading. Annex A shows two examples of SPDs: the
first for the fresh milk basic heading, which is represented by one SPD, and the second for women’s
clothing, which is one of several product clusters in the garment basic heading (men’s and children’s
clothing have separate SPDs for the garment basic heading). A review of these two examples illus-
trates the different number of combinations of price-determining characteristics that can be used
to define individual products.

The initial SPDs for each BLS product cluster were prepared by the Global Office and then
reviewed by the ICP regional coordinators to ensure that the product characteristics reflected the
realities of the countries in their regions. For example, in one update to reflect the regional input,
type of milk—cow or buffalo—was added to the milk SPD.

SPDs can be used to define a large number of different products, even for a basic heading
as homogeneous as rice. Rice comes in various forms: white and brown rice; long, medium, and
short grain; and varieties such as basmati, which are sometimes sold under a brand name in many
different package types and sizes. Quality can enter into the definition as well—for example, the
various percentages of broken rice.

SPDs contain the following classification variables:

* Quantity and packaging. Indicates the units in which the product is sold. The specifica-
tion should provide the range of the number of units, or size or weight, that determine
the price of the product—for example, for a liter of milk versus 250 milliliters of milk.

¢ Source. Usually identifies whether the product is produced domestically or imported.

o Seasonal availability. Important for fruits and vegetables, indicates whether the product
is available year-round or only seasonally.

e Product characteristics. The SPDs shown in annex A provide the product characteristics for
milk and women’s clothing. These illustrate that the number of characteristics depends
on the heterogeneity of the products being specified.

* Brand/label name. Brands play an important role in the specification of products. Inter-
national brands and model numbers may by themselves completely define a product.
However, the characteristics of even branded products should be defined because these
products can be sold in different sizes or models. The brand identifier should be viewed
as an additional characteristic that is superimposed on an otherwise complete product
specification. Table 7.1 from the /CP 2005 Methodological Handbook (World Bank 2007)
defines the role of brands in product specifications.
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TABLE7.] Role of Brands in Product Specifications

Single international brand or cluster

of international brands named  Branded product, but brand not
in specification named in specification  Product without any brand
Brand value Some brand value exists No brand value
Product searched for : Actual brand(s) and model(s) as specified; : National or local brands that have a - Products without a brand
by price collectors : should be found in most or all countries : reputation only within a country or © name
in the region locality
- Onesingle brand ~ : Oneout of a cluster : One out of a set of unnamed brands ~ : An unbranded product whose
© of named brands ¢ widely known within the country or ¢ name or label, if any, has no
locality significance to the buyer
Typical selling point : Reputation of the producer and assumed  : Reputation of the producer, shop,or ~: Low price
¢ quality of the product ¢ other outlet and assumed quality of ¢
: ¢ the product

Source: World Bank 2007.

Brands can have a significant price effect because of perceived or real quality differences.
A general guideline is that price comparisons should be made only between products within the
brand stracum. In other words, if a product with the same specifications has an international
brand name in one country and is brandless in another country, it becomes, in effect, two different
products and should not be directly compared. Another guideline when including international
brands is to ensure they are consumed widely by the consumers. Some branded products may be
comparable between countries, but are consumed by only a small number of consumers because

they are luxury items.

Using SPDs to Define Product Specifications

To determine the product specifications (PSs) using the SPDs, each country first mapped its
consumer price index products to the SPDs. Each mapping determined a product specification.
Each country then submitted this initial set of product specifications to its regional coordinator.
The regional coordinator reviewed the PSs to identify overlaps, or where a change or additional
price-determining characteristics would result in a product described in such a way that several
countries could provide prices. This iterative process was repeated several times and culminated
in a meeting of the national coordinators at which they agreed on the final specifications of the
products to be priced.

This iterative process is based on some complex concepts underlying the preparation
of the product specifications. Products can be very tightly specified, with absolute charac-
teristics to be met for matching. An alternative is to tightly specify some characteristics, but
leave some latitude to the price collectors for others. For example, the rice specification may
call for long grain rice, but leave it to the price collector to determine the type and size of
container and record those values along with the price. This approach provides the oppor-
tunity for the country to provide more prices. However, it can introduce more variability
into the matching exercise unless prices are adjusted—for example, to standard quantities or
package weights.

A presurvey is an important part of the process to define product specifications. The final

test of a product specification is to determine whether price collectors in each country can actually
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find and price the same product. The 2005 ICP revealed that many products had to be redefined
after the first darta collection because the review of the prices showed that products were not tightly
specified, leading to different products being priced. In some cases, problems occurred when trans-
lating the product specifications into the local language.

Closely linked to the process to define the product specifications is determining the number
of products to price within a basic heading. This step is explained in the following section and is
part of the iterative process to determine the final set of products to be priced.

Determining the Number of Products to Price

The overall reliability of the PPPs at the level of the basic heading and higher levels of aggregation
depends on the interaction of several factors:

¢ 'The specificity of the price-determining characteristics—that is, rice as a product versus
long grain rice parboiled and packaged as a product.

¢ The number of products to be priced in each basic heading, which will depend on the
heterogeneity of the basic heading, the degree of overlap of products across countries,
and the overlap of products each country labels as important to its economy as described
in the following section.

* The importance of the basic heading as measured by its expenditure shares of con-
sumption. Basic heading PPPs should be measured with precision for those with
larger expenditure shares, because those shares receive more weight in the aggregation
process.

¢ The sample design for the price survey, which provides the number and types of outlets
to be included.

This section illustrates the sources of variability inherent in the estimation of PPPs and how
to use the relative amount of variability to set targets for the number of products each country
should try to price within a basic heading.

Table 7.2 is based on data from the 2005 Ring survey for the rice basic heading for six
countries. The Ring survey was based on a global set of products priced by a subset of countries
in each region; the purpose was to compute interregional PPPs (see chapter 8 for more details
about the Ring price surveys). The basic heading PPPs for each country were used to convert
the national price for each product into the currency of the base country, effectively becoming
a PPP price. The geometric mean of the PPP prices for each product becomes its international
price. In country B, the deviation of the PPP price for brown rice from the international price
for brown rice is 0.80. The variation in the PPP product prices in country B ranges from 1.32
to 0.80. Medium grain rice in country B is relatively expensive compared with brown rice. The
relative standard deviation of the residuals in country B is 0.17. The variability shown by the
standard deviations in countries E and F were both around 0.30. The standard deviations, as
well as the number of products within the basic heading and the number each country priced,
provide guidelines for the survey framework. Note that the countries were not able to price
every product; the number of products priced is a determining factor in the estimates of the
sampling error.

Even though the sample of products is not from a random selection, the principles of sam-
pling theory can be used to determine the number of products to price (see annex B for a useful
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TABLE7.2 Variability of PPP Prices by Product and Relative Sampling Errors

. CountryA  CountryB  CountryC  CountryD : CountryE . CountryF

 Rice (basic heading) |
Long gran, prepacked Y R TR R 7S Y R
o e T e
- e
—— e
o s
s o
BasicheadingPPP 95 81 1470 4801 19% . 3196
Sandard deviation of esiduale 005~ 0172 . 0236 . 028 028 . 0303
Rlatvesamplngeroc ~~ © 003 . 0077 0169 . 017 . 012 05
SOperentcomfidence el 008 018 . 028 015 0288 000
Source: ICP.

Note: CPD = Country Product Dummy.

a. Shown as the ratio of each product price converted to the currency of the base country (PPP price)

to the geometric mean of the PPP prices across countries for each product. The geometric mean is the
“international price” of each product.

b. Expressed as ratios, the standard deviation of the residuals provides an estimate of the variability of the
relative product prices in each country.

c. Standard deviation divided by the square root of the number of products priced.

overview). Table 7B.1 in annex B shows suggested sample sizes by the desired precision, given the
standard deviations of the relative prices in the basic headings. The goal is to price enough products
that the sampling error of the basic heading PPP based on the product PPPs is within a target level
of precision.

The standard deviation of the residuals for each country can be used as a measure of the
variability stemming from the differences in product PPPs. If one assumes random sampling, infer-
ences can be made about the precision of the estimated basic heading PPP for each country using
the relative sampling error. The relative sampling error is a function of the variability of the relative
product prices and the number of products priced—that is, the standard deviation divided by the
square root of number of products priced. Although in table 7.2 the standard deviation for country
D was only slightly less than that for country E, country D priced twice as many products, resulting
in a sampling error for its PPP of 11.7 percent, compared with over 17 percent for country E. The
estimated PPP for country D was thus more precise.

The relative sampling error can be used to make probability statements about the preci-
sion of the estimates of the basic heading PPPs. The last row in table 7.2 shows the confidence
interval or the range within which the basic heading PPP should fall 90 percent of the time if
the sampling process was repeated. The confidence interval ranges from 0.058 for country A
to 0.292 for country F. The value for country F implies that the PPP for the rice basic heading
could vary as much as 30 percent with repeated sampling. If country F had priced all of the
products resulting in the same standard deviation, the confidence interval would have fallen
to £20 percent. Instead, just three products were priced. Only country D priced all six prod-
ucts, but because of the variability of the relative prices, it has a PPP with about a 20 percent
confidence band.
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This discussion and review of the rice basic heading indicate the following:

* Two of the six countries priced only two products, and another two priced only three prod-
ucts. This finding implies that either more products should have been included, or that the
product descriptions should be reviewed to make them more comparable across countries.

* Medium grain rice was priced only by three countries, but shows extreme variabilicy—the
ratios of the PPP prices to the international prices range from 0.22 to 1.45 and contribute
considerably to the relative sampling errors in the countries pricing this kind of rice. This
finding suggests that the product description be reviewed with each country to determine
whether they were pricing the same item.

¢ Countries A and C, especially, should be queried to determine whether they priced only prod-
ucts important to their own economies rather than all available and comparable products.

Table 7B.1 in annex B is based on sampling theory and shows the relationships between the
number of products, the relative standard deviations, and the target levels of precision. These rela-
tionships are used to evaluate the number of products priced for the Ring price survey for several
basic headings using data in table 7B.2 in annex B. This evaluation can be used as guidelines for
the number of products to be priced in the 2011 ICP round.

The fresh or chilled fruit basic heading contains 12 products, with countries pricing between
6 and 11 of them. Even though the standard deviations of the residual ratios are about as large
as they are for rice, the sampling errors are considerably less because more products were priced.

The garment basic heading contains 68 products with large standard deviations. However,
the sampling errors are small because of the large numbers priced by each country. The garment
basic heading is very heterogeneous because it includes clothing for women, men, and children. It
also has a relatively large share of the expenditures, and so it is important that the PPPs be precise.

In the electricity basic heading are only five products, which were priced by all countries
except the one that priced three. All have homogeneous relative prices. Therefore, the sampling
variability is very small. Products such as milk and eggs show similar patterns, suggesting that only
a small number of products be selected for those basic headings.

The pharmaceutical products basic heading contains 43 products, but the countries priced
only 8-19 of them. Because of these sample sizes and the variability in the relative prices, the
sampling variability could be considered reasonable. In view of the importance of the basic
heading and the difficulty encountered by the countries in pricing all products, the large number
of products is warranted, but the specifications should be reviewed.

Table 7.3 presents the ranges of the basic heading standard deviations across countries for
rice and the four basic headings just described and the suggested number of products to be priced

TABLE7.3 Examples of Target Numbers of Products to Price

~ Produt Standard deviation ofrelativerices Target number o productstoprice ~_Number in 2005 Ring survey
Fehorchlledfut 010 10-15 0
Gmens . 0@0%0 70-100 o8
Becridy - w 35 L5
Phamaceutils 0038 S0+ s

Source: ICP.
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as compared with the number included in the 2005 Ring survey. The target sample sizes are shown
in ranges, using the guidelines in table 7B.1 in annex B. The larger number should be used when
the basic heading has above-average expenditure shares.

The relative price levels for rice are more variable across countries, ranging from 0.05 to 0.30.
This finding suggests that more than 10 products be priced unless the country or region is willing
to accept a level of precision at the 15 percent rather than the 10 percent level.

Because electricity is usually furnished by a very small number of providers, there is very
lictle variability in the rates, as evidenced by the relative standard deviations, ranging from 0.03
to 0.17 across countries (the 0.17 deviation suggests an additional review of country D’s prices).
With these small deviations, a country may need to price only three to five items to be 90 percent
confident that the resulting PPP is within 5 percent of the target. As noted, products such as milk
and eggs also exhibit very little price variability.

Another point to be considered is the relative importance of the basic heading. If the basic head-
ing is an important part of the consumption basket, then a country would want a precise measure of
the relative prices. Therefore, the country or region would target a number of products to achieve a
5-10 percent level of precision. However, if the basic heading has a very small weight, then the target
level of precision could be increased to 10-15 percent so that resources can be directed toward the more
important basic headings. The garment basic heading requires a large number of products because it is
both heterogeneous and accounts for a significant part of household consumption expenditures.

A final point is that not every country will be able to price every product. For that reason, the tar-
get number of products will have to be increased so that each country can price the minimum number.
In other words, as the number of products that overlap across countries decreases, more products will
have to be defined so that each country can submit prices for a minimum number. A relevant point is
that the number of products priced should be similar across countries. Because expenditure weights are
not available for individual products, the only weighting is provided by the importance classification,
described in the next section, and the number of products each country prices.

These guidelines to the number of products to price will now serve as the basis for the next
step, which is to select the set of products to be in the regional basket for the price surveys.

Selecting the Products to Be Priced and
Classifying Them as Important or Less Important

As described in the first section of this chapter, each country begins the estimation process by
submitting product specifications to its regional coordinator for those products important to its
economy. Development of the regional set of products is an iterative process during which the
countries and the regional coordinator reach agreement on the final list. The resulting regional set
of specifications will contain products submitted by some countries that, while available in other

countries, are not important to those countries.

Background

It should be clear by now that comparability of the products being priced is an essential principle
underlying the estimation of PPPs. A dilemma facing the ICP since its inception has been that
even though a product may be available in several countries, it may be important or a significant
part of consumption in only a few countries. Should the product PPP for a type of rice consumed
widely in country A but not in country B be assigned the same weight as the type more important
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in country B? To overcome this dilemma, the Eurostat-OECD in its PPP program has adopted the
practice of having each country place every product being considered for inclusion in the price col-
lection into one of two categories: (1) representative or (2) not representative but still comparable.
A representative or important product is one that accounts for a significant share of a country’s
expenditures within a basic heading. The representative or nonrepresentative classification is deter-
mined for products within the basic heading and is country-specific.

Each country will want to price products that are purchased by a large proportion of its pop-
ulation and account for a significant part of the total expenditures of the basic heading. Although
some of these products may be available in other countries, those countries may have other prod-
ucts more important to their economies. For this reason, the GEKS method was developed for the
Eurostat-OECD PPP Programme. Using this method, countries classify each product as represen-
tative or nonrepresentative, which provides a form of weighting.

In the 2005 ICP, countries in the ICP regions also used the representative or nonrepresen-
tative classification. A “representative” product was defined as one whose expenditure share was
important and whose price was representative of the price level of the products in the basic head-
ing. The countries participating in the Eurostat-OECD program and also the Commonwealth of
Independent States (CIS) region have been identifying representative products for the last several
years, but countries in other regions had difficulty making the distinction as it related to price
levels. All countries tried to do so, but it was apparent they were using different criteria. As a result,
“representativity” was not taken into account in calculating PPPs in other regions for the 2005 ICP.
However, for the reasons spelled out in chapter 4, some method is still needed to give more weight
to products more important to a given country.

Classifying Products as Important or Less Important

For the 2011 ICP, countries in regions other than Eurostat-OECD and CIS will be asked to clas-
sify all goods and services in the household final consumption expenditures that are available as
either important or less important. If a good or service is not available in the country, the notion
of important or less important is not applicable to that good or service. Importance is defined by
reference to the expenditure share of the item within a basic heading. Products that are identified
as important by a country will then be given more weight in calculating its PPPs.

Defining importance by reference to expenditure shares raises an obvious problem in that
countries are never asked to provide expenditure weights below the basic heading level. The basic
headings are in fact defined as the most detailed level of expenditures for which countries can
reasonably be asked to supply expenditure shares. Countries cannot therefore be expected to clas-
sify goods and services according to their known expenditure shares. Instead, they are asked to say
whether, if expenditure shares were available at the product level, the expenditure shares for each
product would be large or small within the basic heading. If it is thought that the expenditure
share, if known, would probably be large, the item is classified as important; if small, it is classified
as less important.

Three basic rules determine whether a product is important or less important:

1. Is it in the consumer price index? If an item is the same as, or very similar to, one in the
country’s consumer or retail price index, the country should always classify it as impor-
tant. (However, products in the ICP lists but not in the CPI may still be important.)

2. Use expert judgment or common knowledge. Statisticians can call on their own knowledge
of what are widely available and commonly purchased brands of cigarettes, soap powder,
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biscuits, toothpaste, and so forth. For example, cheddar cheese might be sold in almost all
food shops, but Brie is available only in specialty shops. Cheddar, then, is important, and
Brie is less important. Kleenex facial tissues are sold in every supermarket and pharmacy.
A 100 piece box of Kleenex facial tissues” is thus an important product and other types
of tissues are less important.

3. Ask the experts. Most often the experts are shopkeepers. The success of their business
depends on knowing which products are best sellers and which are bought less often.
For example, two kinds of breakfast cereal are specified in the product list: “Kellogg’s
Corn Flakes, family size” and “Kellogg’s Country Store Muesli, 500 gram packet.” The
shopkeeper may say that both are best sellers and so both are important. However, it
could be that only one is sold in large quantities, and so it becomes important and the
other is less important.

An important product is one that has a large expenditure share within the basic heading
to which it belongs. It may have a very small expenditure share within household consumption
as a whole but still be important within its basic heading. For example, in many countries few
people buy wine, but that does not mean that all the products specified within the wine basic
heading are less important. In that heading, one or two types of wine may be best sellers, and
the wine merchant can almost certainly identify them. These particular wines are important
within the basic heading even though their expenditure share of total household consumption
may be very small.

Several basic headings are rather heterogeneous—that is, they contain a range of products
that serve different purposes. The products within heterogeneous basic headings should be split
into homogeneous subgroups before deciding on importance. For example, the basic heading that
includes newspapers, books, and stationery is heterogeneous and should be split into those groups
before assigning importance to particular products. The garment basic heading is also heteroge-
neous because it includes clothing for men, women, and children. It also should be split into these
three components before assigning importance.

Many of the heterogeneous basic headings are combinations of the more homoge-
neous and detailed ones in the Eurostat-OECD classification on which the ICP Expenditure
Classification is based. The ICP Expenditure Classification shows which of these more homoge-
neous basic headings have been combined for the ICP regions. This guide is useful in splitting
heterogeneous basic headings before allocating products to the important and less important
categories.

The importance of products should be taken into account both while the product lists are
being drawn up and while the prices are being validated. When the core list and the regional prod-
uct lists are being drawn up, the statisticians involved must determine, by means of a presurvey,
the important products for each basic heading and ensure that these products are included in the
core and regional lists.

When both lists have been finalized, the country statisticians should then consider all the
products within each basic heading. The lists will already include products identified as important
in their countries, but now they will also include products identified as important by other coun-
tries in the region. Each of these products should be evaluated using the three basic rules just noted
and be classified as either important or less important.

Being identified as less important does not mean that the product can be ignored. Countries
will provide prices for all products they have identified as important. But they also are required to
price products they have classified as less important in order to provide links with other countries.
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Finally, the guidelines provided earlier in this chapter should be used to determine the
number of products to include within a basic heading and the minimum number of products that
countries should price.

Sample Designh and Determining
the Number of Outlets

This section provides the guidelines needed to determine the number of outlets, their type, and
their location. As stated in chapter 4, the target price is the weighted average of the prices at which
a product is sold during different times of the year and around the country using the quantities
purchased by month and location. This definition implies that the sample must relate to the entire
country and to the entire year. In some countries, auxiliary data can be used to calibrate capital city
data to the country and a point in time price to the entire year.

The required sample size is not dependent on the size of the country but on the heterogeneity
of prices across the retail markets. The greater the price variability across the markets, the larger will
be the sample required for the same level of precision.

Although a national annual average price must emerge from the data collection, each coun-
try must work within the framework of information available to make up a sampling frame and
select the desired sales outlets. Ideally, each country should have a frame or register of all sales
outlets frequented by consumers, and the volume of sales should be known for each outlet. This
register could be stratified by size, or samples of outlets could be selected using probabilities pro-
portionate to their volume of sales. The problem is that even if the measures of size were available,
they may not always reflect the sales of individual products. For example, a meat market may also
sell fruits and vegetables, but its volume of sales is more reflective of the meat sales. Because of cost
considerations, it is good practice to price what is available in an outlet once the price collector
is there.

For these reasons, a purposive sample of outlets was used for the 2005 ICP price collection,
as is usually the practice for the CPI price surveys. A starting point is the frame established for
the CPI (United Nations Economic Commission for Europe et al. 2009, chap. 5). One problem,
though, is that the CPI price surveys in many countries are urban-based. This approach is appro-
priate when the relative price changes over time are the same across the urban and rural sectors.
Many countries, however, have distinctive rural and urban sectors that exhibit very different pric-
ing patterns and levels. Even though they reflect the same changes in prices over time, they may
have different price levels. In these cases, the sample size for both the rural and urban price col-
lections should be large enough to provide reliable estimates for each sector. Countries should use
information from the most recent household expenditure survey to determine the relative coverage
of the urban and rural sectors. Table 7B.3 in annex B is an overview of the rural expenditures as a
percentage of the total for selected countries and product categories. Rural expenditures make up a
large portion of the total for food items. It is also quite likely that the products consumed in rural
areas may not be the same as those consumed in urban areas. And yet it is also likely that some of
the products to be surveyed such as motor cars are available only in urban areas.

The subject garnering the most questions about the 2005 ICP was probably the degree of
urban and rural price coverage. Table 7B.4 in annex B, provided in response to those questions,
shows the urban and rural coverage by country. It reveals a lack of consistency in the coverage of
rural areas, which led to questions about the reliability of the data for some purposes. Therefore, a
goal for the 2011 ICP is to improve the coverage of rural areas.
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TABLE7.4 Outlet Types and Location Indicators

Outlet type Examples Capital city, other urban, rural
Large shop : Supermarkets, hypermarkets, department stores :
Medium or small shop Mini-markets, kiosks, neighborhood shops, grocery stores, :
© convenience stores i
Market . Open markets, covered markets, wet markets
Streevtvovuvtlet o - V; Mob||eshops/street wendos
Bulk and discount store Wholesale stores, discount stores
Specivavlivzved storé VVVVVVVVVV Supply stores, tha‘rdware stores, furnivtﬁvrev stores VVVVVVVVVVVVVVVVVVVVVVV
Private service provider : Taxi cabs, hotels, restaurants, private schools, private hospitals :
Public or semi-public service i Water suppliers, electric power companies, public schools,
provider ¢ public hospitals
Other kind of trade ¢ Online (Internet) shopping sites, catalogue orders

Source: ICP.

The selection of the outlets is especially important because different products have different
distribution profiles (see table 7.4). Some products are sold mostly in supermarkets, but may also
be available in a range of other outlets, from specialty shops to the local traditional markets. Prices
for the same product can vary from outlet type to outlet type because of varying circumstances
such as the services provided. For these reasons, the selection of outlets should take into account
the different types of outlets and their relative share of the overall expenditures. This procedure will
usually require expert judgment because of the lack of a sample frame with expenditures by outlet
or outlet type. Some guidelines or considerations follow for the selection of outlets:

¢ 'The selection of outlets by type should be in proportion to the volume of their sales
of the products to be surveyed.

¢ The variability of the prices within and between outlet types should be considered. The
guidelines provided in annex B on the number of products to be priced apply here as
well and should be used to determine the number of outlets to be included in the price
collection. In other words, the expected standard deviation of product prices across out-
lets should be used as a guide. A useful guide if standard deviations are available is an
approximation, or one-fourth (maximum price - minimum price).

* Location of the outlets, especially the urban and rural domains, should also be consid-
ered. Again, the number of outlets by location should be in proportion to each area’s share
of the volume of sales.

¢ The number of outlets or price observations that should be collected must be determined.
Information is needed on the variability of the prices, and decisions must be made about
the desired level of precision following the guidelines in annex A.

‘The advantage of selecting outlets by type and location and volume of sales is that it provides
a self-weighting sample, thereby simplifying estimation of the national average prices.

In response to the questions of data users, countries are being asked to provide the following
indicators for each observation of product prices for the 2011 price collection. This procedure will
allow each country to break down the national average prices into urban and rural components in
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order to better understand the price distributions and to respond to questions about the national
coverage of the product. This information will also give each country a better understanding of
how the underlying rural and urban price levels affected their PPPs.

In an ICP context, the number of outlets or price observations will depend on the required
precision and the relative importance of the product in the basic heading. The size of the sample
may vary from country to country. The variability of the prices among outlets also will tend to vary
among countries. The appropriate size of sample will depend on the net result of a set of interacting
factors, and national coordinators may wish to consult with regional coordinators on this matter.
It also must be remembered that a product PPP is the ratio of the estimated average prices in two
different countries. It may not be optimal for one country to spend a lot of resources achieving
a high degree of precision in its estimated price for some particular product if other countries do
not, or cannot, do the same. This matter may call for some collective discussion and some general
guidelines at the regional level. Such guidelines would have to be specific to a particular set of
countries and a particular set of products.

The difficulty and costs of collecting outlet prices could vary significantly among different
types of products. When it is difficult to collect prices for a particular type of product—because,
for example, the product is not very common and found only in a very few widely dispersed out-
lets—it may be cost-effective to not try to collect any prices for that product and concentrate on
collecting prices for products that are more important and readily available. Such a strategy may
increase the total number of price observations for important products, but it does risk introducing
bias by reducing the number of products priced.

Role of Data Validation in the Survey Framework

As explained at the outset of this chapter, determining the product specifications and the number
of products to price, among other things, is an iterative process. It is essential that the product
specifications be reviewed after the first data collection using the diagnostics from the Quaranta
and Dikhanov tables described in chapter 9. In the rice example in table 7.2, the standard devia-
tions range from 0.05 to 0.30. The medium grain product is possibly the culprit—perhaps the
product specification is too “loose” or one or more countries misinterpreted the specifications. The
specifications for any product resulting in relative prices with standard deviations of over 0.30 or
different from those of the other countries should be examined thoroughly. It may turn out that a
product is not comparable and should be removed from the list, or that it should be redefined for
the next round of data collection.

The concept of importance will be used in the 2011 ICP; it will be determined by every
country for every product priced. The important or less important coding should also be part of the
data validation exercise to ensure it is applied consistently across countries. If important products
reflect those with large expenditure shares in the basic heading, relative prices could be expected to
be nearer the mean than less important products.

Because the importance coding will be finalized during data validation, countries should also
be asked to price items they consider to be less important. One simple guideline: price less impor-
tant items available in the outlets being surveyed for the important products. Countries should not
go to great expense to add outlets specifically to price less important products.

Regional coordinators were given guidelines based on the statistical variability of the rela-
tive prices of products in each basic heading to use in determining the number of products to be
priced. These guidelines, along with the relative share of the basic heading of the total expenditures,
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contribute to the decision about the number of products to price. Similar principles also apply to
determining the number outlets and the number of individual price observations to obtain.

The final significant requirement is that each price observation be coded to indicate the
outlet type and the urban or rural dimension. This information will be helpful in determining

whether a product is comparable across countries.

Summary and Conclusions

The survey framework provides the foundation for collection of the prices that underlie the estima-
tion of PPPs. The concept of comparability is met by very carefully describing the characteristics
and attributes of each product. Because it is not possible to price every possible product available
to consumers, decisions have to be made about the number to be priced in each basic heading
and the strategy to use to ensure that national annual average prices are obtained. Countries differ
widely in what they consume. Therefore, the relative importance of each product also needs to be
considered. This chapter provides a review of these issues using data from the 2005 ICP round and
how the outcome can be used to improve the results of the 2011 ICP.
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Structured Product Descriptions

Structure product definitions (SPDs) provide a structured method for systematically describing
all price-determining characteristics for every possible product consumers can purchase. These
characteristics are used to define the different kinds of milk, for example, that can be purchased.

Tables 7A.1 and 7A.2 list the SPDs for milk and women’s clothing.

Al
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TABLETA.1 Milk SPD

International Comparison of Prices Program - Structured Product Description

ICP heading 101141 Fresh milk
ICP cluster 01 Fresh milk
Quantity and packaging
Package type
Carton, type not specified,
T
1
Glass bottle T
(Glass jar
Plastic bottle
Plastic jar
T
T
T
T
T
T T
Other T
Serving Number of unitsin package Size of unit Unit of meagure
Designed for sening
from package N N Weight |
Grams |
Kilograms |
Labeling Unit package type Ounces L
Pounds |
(ontents Box Other |
Count Packet/envelope
Contains individually
Volume wrapped portion ||
Weight Volume |
Nutrition Milllters L
Ingredients Deciliters |
Liters |
Fluid ounces |
Pints |
Quarts |
Gallons |
Other 1
Count :
Packages

Pieces




TABLETA.1 Milk SPD (continued)

Source/Destination
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Domestic
Import

Seasonal availability

Country (if import)

All year
Jan
Feb
Mar

[T

Representativity

Representative
Available, but not
representative
Not available

Product characteristics

Apr
May
June

|

July October
August November
September December

(Ideally, information should be read from a label or other product documentation. If unlabeled, then value entered by collector based on
respondent’s assessment, or as a last resort, collector's assessment. Please note for which characteristics collector assessment

had to be made in the 'Other item identifiers' section.)

Where sold Organic certification Variety Type
Government-certified
Sold at store organic Whole milk Cow
Dairy delivered to home Other organic claim Skim/nonfat milk Buffalo
TB tested Buttermilk Goat
Low fat milk Camel
Fat content of low
fat milk (%) Sheep
Other
Other milk-Lactose reduced
Other milk-Acidophilus milk
Features Flavor Fat content
Fortified (Vitamins .
added) Chocolate Natural (3-4%)
Not fortified Strawberry ] 15%-25%
Other flavor Less than 1.5%
Reconstituted [ Other
Not reconstituted
Pasteurised
Not pasteurised
Flavoured
Unflavoured
Ultra High
Temperature (UHT)
Brand
L
Other Features
L
L
L
Comments
19 L
K99 L
199 L

Source: ICP.

213



214

Measurin THE Reat Size o THE WoRrep Economy

AQ1 TABLETA2 Women’s Garment SPD

ICP heading
ICP cluster

1.03.122

International Comparison of Prices Program - Structured Product Description

r
04

Women's clothing
Women's shirts, blouses, other tops

AC031 - 02

Quantity and packaging

Count
Pieces

Source/Destination

-

Domestic
Import

Seasonal availability

Country (if import)

Vest
Salwar/Hameez
Salwar/Dupatta

Other top,

CL T

All year
January | April July October
February N May August November
March : June September December
Representativity
Representative ]
Available, but not N
representative
Not available :
Product characteristics
(Ideally, information should be read from a label or other product documentation. If unlabeled, then value entered by collector based on
respondent's assessment, or as a ast resort, collector's assessment. Please note for which characteristics collector assessment
had to be made in the '‘Comments' section.)
BRAND/LABEL
STYLE SLEEVE LENGTH FABRIC DESIGN
CATEGORY
No design/solid,
Blouse/shirt | International Long single color L
QOpen-front shirt | National/regional Short Printed L
Multicolor, fiber or
Pullover | Brandless Sleeveless yam dyed L
Jacquard or dobby
Sweatshirt | Brand imitation Other sleeve length, design L
(One-piece leotard Other design, T_




TABLETA.2 Women’s Garment SPD (continued)
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CLOSURE

No closure

Single button (front
or back)

Partial button front
Full button front

Other closure,

SPECIFIC FIBER
CONTENT

Silk (%)

Rayon (%)

Linen (%)

Cotton (%)
Polyester (%)
Acetate (%)

Acrylic (%)
Spandex (%)

Other fiber (%)
Content not labeled

(Assessed by
collector)

Brand/Product
Name

DETAILS/
FEATURES FAERIC

Pleated front Knit

Woven
Other fabric,

Embroidery

Ruffles

Lace

Rib knit cuffs and/or
bottom

Other
detals/features,

No details/features

(LEANING OTHER PRICE
METHOD FACTORS

Dry clean only
Machine wash
Hand wash
Other cleaning
method

Not labeled,

NECK STYLE

Turtleneck
Collar
Crew neck

V-neck

Round neck

Other neck style,

SIZE RANGE

Juniors
Petites

Misses

Women's plus sizes
Small

Medium

Large

QOther size range,

Other Item
Features

Comments

Source: ICP.
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Determining the Number of Products to Price
and the Number of Price Observations

This annex provides the framework for determining the number of product specifications to be
prepared by basic heading, the number of products that countries should price, and the number
of price observations to be made for each product. The number of price observations will translate
into the number of outlets to be selected for the price survey.

What follows examines the relationship between the size of the sample, whether it be the
number of products to be priced or the number of price observations, and the probable margin
of error, or precision, attached to the national annual average price or the basic heading PPP. The
same points about margin of error also apply to the desired level of precision for the estimated
basic heading PPPs. This analysis draws on classic sampling theory. The central limit theorem states
that if a population has an arithmetic mean p and a finite variance 6, then the distribution of the
sample mean in repeated random samples drawn from that population approaches the normal
distribution with a mean p and a variance /n as the sample size 7 increases.

The sample mean provides an unbiased estimate of the population mean. The probability
of the sample mean not deviating from the population mean by more than a certain amount can
then be derived from the area under the normal curve. In this way, probable margins of error can
be attached to sample means. An explanation of sampling errors and confidence intervals can be
found in any textbook on probability and statistical theory.

In practice, the population standard deviation o will not be known, but it can be estimated
from the sample itself, from other samples drawn from the same population, or from previous sur-
veys. It is convenient to replace the estimated value s of the standard deviation by its value relative
to the estimated mean 7—that is, s/m. This is the relative standard error as measured during price
collection to determine the national average price. It also applies to the relative standard deviations
of the relative prices as evaluated in the Quaranta and Dikhanov tables.

It is then possible to constru