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This paper aims to compare the results obtained using Summers and Heston’s
Penn World Table (Mark 5) with two different alternatives in international
comparisons of real income per capita. The first alternative consists in
using OECD 1990 purchasing power parities (PPP), extrapolated backward until
1960 with national price indiees. The. second-one.fixes:PPPs. to.the estimates. .
of different benchmark years, and interpolates these parities applying also
national price indices. To accomplish this objective, we discuss the
relationship between the exchange rate and the PPP and provide some reasons
why it is not convenient to approximate PPPs by exchange rates, and we
~analize different methods .. which. are. usually employed = by international
organizations to estimate PPPs-.and- to- link the benchmark: estimates:' As;an
illustrative example of the consequences of using these different PPPs “we-
estimate convergence equations with both cross-section and pooled data for
OECD countries, in the way suggested by recent empirical papers that use the
human capital augmented Solow model. Estimations based on Summers and
Heston’s data affect the rate of convergence and yield a .worse fit..than those
obtained using OECD data. o I
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L INTRODUCTION v . e

There is. a .vast literature..devoted to. international .comparisons of real.
income!.. From the very begining, there has been a great concern about
procedures to convert nominal magnitudes to a common currency which makes the
original information comparable among different countries. As a result of
this concern, international institutions (OECD, Eurostat or United Nations)
have promoted the use of purchasing power- parities,. PPPs. thereafter.. These
have been calculated for groups of countries in order to make international
comparisons of GDP levels. For two particular countries, the PPP of a
specific commodity, a good or a service, is the exchange rate that equals the
pricé of this commodity in both countries. In this sense, the PPP for the
total set of goods and services consumed is a weighted average of the PPPs of
each of the different commodities in..these.countries.~ - . .. -

OECD countries have been included, from the begining of the International
Comparaisons Project of United Nations (ICP), in the estimation of PPPs in
different benchmark years. As different benchmark estimates are available, it
is of interest to take advantage of this fact to improve not only. the spatial
comparisons, but also the temporal ones. This is th'e:.reasoﬁ"‘:‘"Wh‘y" Summers ‘and
Heston (1991) in their Penn World Tables Mark 5 (PWTﬁ) apply a
consistentization procedure between national accounts data and benchmark.
estimates from 1975, 1980 and 1985. However, as a result of this procedure,
-..and..also.for. application..of aggregation. methods. with. non..OECD countries,. the
 final..PPPs - for ‘OECD- countsies- “do -net..maintain-; the aonguml ~patities:. in

benchmark years.

1 See Gilbert and Kravis (1954 and 1958), Kravis,  Heston and Summers (1978
and - 1982), Summers, Kravis and Heston (1980), .or  Summers and  Heston
¢1984 ~and- .1991). The more popular -data- - set.: in: - international - comparisons
of real income is the Penn World Table, Mark 5, published by Summers -and.
Heston (1991).




- et L S L

This paper aims to compare the results obtained using Summers and Heston’s
-s:PWTﬁwk'wit»hwtwo-r different. - alternatives-in - international - comparisons..of real
income . per. capifa. “The: first ‘alternative. consists. in_using:. OECD 1990 PPPs?,
extrapolated--backward until-1960 with national price indices. The second one
fixes PPPs to the estimates of different benchmark years, and interpolates
these - parities applying also national price indices. As an illustrative
example of the consequences of using these different PPPs we estimate
convergence equations with both cross-section and - -pooled data for OECD
countries, in the way suggested-by recent empirical.papers:that.use the human
capital augmented Solow model?. After analyzing alternative estimates of real
GDP per capita using Summers and Heston’s data, OECD 1990 PPPs, and different
available benchmark parities maintaining the fixity convention as far as
possible, there are some significant differences comparing PWT5 and OECD data
set. Estimations based on PWT5 data affect the rate of convergence and yield
a worse fit than those obtained-usingOECD data;, 'bei;n'gwtheE'lctifferences'-«more
important when pooled data are employed. When comparing OECD data sets the
results suggest that, when at looking growth for long periods, differences in
OECD estimates of real income seem to be of small importance, but when we are

interested in analyzmg medium term economic. growth,. the use of d1ffe1'ent ,

”J”benchmark parities can introduce. some add1t1onal information..

The structure of the paper is the following. First of all, we discuss the
~ link between the exchange rate and the PPP and provide some reasons why it is
not convenient to approximate PPPs by exchange rates. The third and fourth
-« sections«of:.-the- paper.-are- devoted. to.-discuss. PPP-.estimation .. methods.-in.. time
- series-and -cross ‘sections: - These-isections-discuss-different: methods:which--are
usually employed by international organizations to estimate PPPs and to link

2. See Purchasing’ Power~-Parities- and.. Real . Expendituires, :~1990" Results . .(OECD,

21992y, L o

3 " See Barro and SalalMartm (1991), Manlciw, ‘Romer and’ Weil (1990), “and
Andrés, Doménech and Molinas (1993).




the benchmark estimates... In.the.:last:sections. of the 'paper, -using . the -
estimated PPPs for OECD countries in several benchmark years, we discuss in

- ..~detail the..interpolation of.these data,_providing. PPPs. series of.GDP,, Private -

- Consumption;-Public ~Consumption~and--Investm ent-for-the-twentyfour-OECD-
members in..the .1960-1990. period. We also illustrate. the importance of using
different PPPs estimates making a sensitivity analysis, comparing the results
of estimated convergence equations with our data set and the ones provided by
Summers and Heston (1991).




II. EXCHANGE RATES.AND. THE PPPs::.... -

s=.. The .PPP of two currencies. is .the exchange rate--which:makes-equal the

‘ purchasing' -pewer- -of - these- eufréneies;~f~fif:ev.-»:;*:rg’iven;m an--amount-~of--money

‘expres'sed- in .different currencies using the PPP, it would permit to acquire

L the same basket of goods and services in the countries for which the PPP was

defined. Therefore, the PPP of a country is the exchange rate of its currency

which eliminates the differences in the price level of this country with

regard to the rest of the countries. For example, let us assume that ‘we want

to estimate the PPP for two regions in a.-country. The price level in region

A, P, is 10% higher than the price level in B, P. Given that there exists

the same currency in both regions, the ratio Pa/Pb= I’1 is the quantity by -

which we have to divide the current income in A, in order to have the same
purchasing power of the currency in regions A and B.

When we have GDP data for a group. of coumries,‘-eacmbfmthem‘ui-s expressed in
its own national currency, we cannot make any comparisons between these
countriecs GDPs without having measured them in a common unit. In
international comparisons, traditionally the GDP of a country is expressed in

doliars, this currency being the most usual numerary.

However, there exists a more appropriate way -of comierting these - quantities °
from different countries into a common unit that consists in using PPPs
instead of exchange rates. |

.. w. ... The application of the PPP permits to compare.the GDP. of different countries
_wo o~ - taking -into. account--the. existence-.of .different. price:devels.sin-each -:country.
The PPP between country j and-the USA is given by the following expression:
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where Q. is the basket of m goods (gy) and services. taken as base, and Pij'
and P are the prices of-the components-of the basket in both countries,
i,USA

Operating with this expression we get:
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where e, ys, is the expendlture m good i at USA pnces Thus the” PPP, ys,
would be a weighted average of the pnces ratios of the components of the
basket for the two countries.

~To get a good estimation of the PPP of a set of countnes is a difficult task

s because * very: -detailed - information- 1s needed whﬂe ‘the. exchange Tates. are

quit easy ‘to “observe. ‘Nevertheless, there exist a ot of ‘reasons for the
existence of deviations between the PPP and the exchange rate: tariffs,
capital flows restrictictions, nontraded goods and services,...,etc..

In Figure 1 we present the Spanish GDP per head w1th regard to the United

‘States. one. for the period 1960-1990,- using both; ‘the’ exchange tatezand- an

estimation of the PPP for the GDP. It can be observed that the comparison -




using the exchange rate-depends-upon-the-fluctuations in the currency market.
Besides the volatility, the level of both series is very different and, as
. varieus - authozs..have - corroborated - there--is- a- clear -relation between=income
per :capita-‘and “the ' ratio " of . a-country’s*PPP {0 its:“exchange rate~ (the
comparative price level). ‘As an-example; in-Figures 2.1 to 2.4 we present the
deviations of the PPP and the exchange rate against the GDP per head,
expressed as a percentage of the United States GDP, for the OECD countries in
1975, 1980, 1985 and 1990.

This effect was identified by - D.- Ricardo (1821) -and. more. recently by B.
Balassa (1964), P. Samuelson (1964), Bhagwati (1984), Kravis and Lipsey
(1983) and in the large amount of papers by Kravis, Summers and Heston. These
authors give alternative explanations of this correlation between income per
head and the comparative price level.

Balassa and Samuelson assume-that- labour in- countries- with-a-low"income per
head is less productive, in the production of the traded goods, than “in
countries with high income per head. However their differences in
productivity of nontraded goods are small. If prices of traded goods are
aproximately equal in both countries, the lower productivity in poorer
countries implies lower wages and lower production costs. for. the . nontraded
goods sector. On the other hand, the rich countriés, with higher Tabour
productivity in the traded goods sector w111 have higher prices for the
nontraded goods and, thus, a higher general prices level.

. Alternately,-Bhagwati, -Kravis- and--Lipsey give- an explanation based..on..the
- different-capitat-and-labeur‘endowmentsof--the: "POOE” andsrich-countries.- ~They
conclude that the relative prices of nontraded goods in a country will' rise
with income per head. The rich countries usually have a higher capital to
labour ratio and them a higher marginal labour productivity, which means
higher wages. Nontraded goods, which are mainly services, are in general more
intensive in labour than traded ones. Since labour is cheaper in poor
~countries, -nontraded - goods will.-be: cheaper:.in these .countries than. in. the
rich ones.




Concerning the question about whether the exchange rates tend to converge to

g

~absolute  PPPs. theory = states - that “in ‘a. wesld.-with-.free trade, . no. trade
barriers, no capital” flow" controls, etc., the exchange rate converges to the
PPP. But there exists-a modified version, the relative PPP Theory, according
to which, there are some factors, such as tariffs, that generate deviations
between the PPP and the exchange rate. Nevertheless, if these. factors are
constant, the ratio of the exchangé rate to the PPP will be constant as well.
The PPP theory was first formulated by Cassel as an intent of developing a
theory of the behaviour of the exchange rate in the long run. After the
Second World War arose a great interest on international comparisons of per
capita income. Gilbert and Kravis (1958) promoted the research into the
direct estimation of the PPP;—That meant an implicit -rejection of the
previous theories, i.e., if th”é"“éiéhange“’rate ¢converged to” the PPP it would
not be necessary to calculate the latter separately.

If all the goods were tradable to the same extent, one would expect prices to
converge to a unique world price, in any of the currencies, . for all of the
goods and services. This c0nVerg,ence"procéss will - give rise to- changes in
national prices in each country or to changes in the exchange rate so that.
this one will equal its corresponding PPP.

In fact,' not all of the goods are tradable to the same extent. Balassa (1964)

-+ stadied:the ~theoretic implications:ofi~ this: question: using: .a;«model..in. which -

and the other the traded ones. Balassa (1964) says that because the exchange
rates are the result of international trade, they are not affected by the
prices of nontraded goods. But the PPP of ‘the GDP includes prices of all of
the goods demanded in a country. Then if nontraded goods represent a high
“proportion - :with. ~respect ~ to - total - .expenditure -.in:.-the - country;-:there - is - an
“important- ‘reason ‘to ‘find ‘some -deviations -between: thePPP.'and - the .exchange
rate, which usually is systematic. Besides that, there is empirical evidence




about the existence of*a’negative-correlation-between the income per head of
a country and nontraded goods relative prices. This correlation is mainly
provoked-by the-services, which-are- intensive in labour and nontraded;-and so
they are cheaper in countries with*lower wages:(i.e:, in' the ‘poor: countries)
than in the rich countries where services are very expensive.

An example of this is showed in Figures 3.1 to 3.4 where the ratio of the PPP
for investment to the PPP of the GDP is represented against income per head
for all of the countries belonging to the OECD in 1975, 1980, 1985 and 1990.
Figures 4.1 to 4.4 represent income: per -head .against-a- similar. ratio,. but now
using the PPP for public consumption. We can conclude that there exists a
systematic correlation between the deviation of the exchange rate to the PPP
and the income per head of a country. Thus, as a result, the income per"head
of the poor countries is systematically underestimated when the exchange rate

Lty

is used, instead of the PPP, to.make international comparisons.. .




1. PPPs ESTIMATION. METHODS - sidiios oo

... Let us.assume. that. we want. to. calculate .the PPP. for-the. GDP in .one -year. In

order- to-obtain-these PPPs~ we-have ‘-*pricem{eve}s-“data-"“for»-*a“- high-amountof
goods and services,..i=1;...,;k.- Data collection is assumed-that has been done
in all countries of the sample and for a set of goods and services with
similar characteristics. There exist two kind of methods which can be used to
obtain the PPPs for this set of countries, that will be discussed in the
following sections of the paper. A more detailed descrlptlon of these methods
is provided by Kravis, Heston and Summers (1982).

III.1 Methods for binary comparisons

We start with a set of binary comparisons, in which each of the countries is
compared with the base country, for example the. nth country The. methods
chosen for the binary compansons “should  be- _]udged .on - the -basis of " the
following considerations:

1. Characteristicity. Each binary comparison should be optimal for that pair

- of countries. This requires that the comparison between each pair should
be based on the best sample of representative items that can be obtained
for that pair, making prices directly. 'cumparab‘le,;" ‘and~that *the weights' of -
these items should be representative of the spending pattems in that
countries.

2. Count;y—reversal test. . Besides.. that, the ‘method. must. be consistent. This

“means- that in..a given -binary:. cmnpansun 1t shuuld ~n@t matter wh1ch A
country is used as the base country. That is,

PPP PPP =1 Vv k,j countries (3)
bk k.j
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where PPP,, represents the PPP for countries j and k. This requirement
is* important “because. it -is-very..desirable: to-obtain:-an.-unique set of
estimates. .

The first step in making binary comparisons is to calculate the ratios
between the prices of the different countries and the base country for every
gbod and service. Thus, we obtain (Py/Pgp), which, is the ratio which
corresponds to the commodity o« But; -once-these -ratios: have been calculated
they must be aggregated within detailed categories. There are different
" methods of averaging these price ratios, the easiest one is to use a simple
geometric mean of the relative prices. That is, for category i:

)

where;

-

Pi: PPP of the jth country relative to-the nth cduntry. =~

+
Paj: Price of «th item in the jth couniry stated in the jth country’s
currency.
P_Om: Pric¢ of oth it_en:r"lh_jn the numergflfihpoqntry, ‘which usually is the United
~ States. | . . \ o
A Number of items-within the ith-category. .

The geometric mean was preferred to an arithmetic one because the former
meets the country-reversal test whereas the latter does not.

-10-
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After this averaging process within detailed categories we obtain PPPs for
each of the n-1 other countries relative to the nth for each of the defailed
categoriecs. We can used these results to make two kinds of binary
comparisons:

1. Original-country comparisons. Thesegcomparisons, consist of a. straight-
forward comparison of each of the #-1 other countries with the ath, and
no data from a third other country is involved in any binary comparison.
To compute these original-country comparison, standard index number
formulas can be used. Thus, we can calculate the PPP for GDP, or for
other aggregates, averaging the PPP for detailed categories. Using the
nth country’s weights we gb.taih a Laspeyres index. and using the country’s
own weights we get a Paasche index.

The formula for the Laspeyres index is:

e T ()

m
PPPj,n = z ' ?T:‘l Wi » Wy = .

“-where .m-is: the -number- of detailed. categories. in: the desired; aggregate,

- for-example the GDP; and e is. the..per. capita--expenditire. in. national

currency in the nth country and in the ith category.

The Paasche index responds to the following formula:

-11-
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Each of the two indices provides a biased estimate of the true PPP,,: one
biased in favour of the jth country (Paasche index) and the other in
favour of nth country (Laspeyres index). We also can calculate a Fisher
index with both, Laspeyres and Paasche--indices, that.corresponds to the
geometric mean of these two indices. Although this index is not easy to
justify in theoretical terms, it is a compromise between the index
reflecting the consumption pattern in the jth country and the index
reflecting that of the nth country.

The advantage of the-original-country.comparisons. is- that-.they: represent
the best comparison that can be made for each pair of countries. They
have the maximal degree of characteristicity. But this method has some
- problems because the number of binary pairs will be high if n is largé
and, beyond the problems of index numbers, these comparisons will not
~ yield a transitive system of comparisons. = . . N -

Binary comparisons via a bridge country. Within this method, transitivity
can be achieved, but the main objection is that the use of any bridge
country imposes its prices and goods as weights, neither of which is
. necessarily...characteristic...of either. of ..the countries. in .a binary. .

e COMMPATISOR:=An: this«case:we-bavesthatisa . o /o e v c oo
N I D O T R Y "
[2erg = || = B |7 &
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That means that t‘hé"‘:*‘Pgﬂf?:’és:*ﬂéfivedﬂffmi'_5'eaCh countries PPP relative to
the bridge country, i.e., the nth country. The problem is that there is

no reason. for [PPPJE]‘ to. beequalto the blnary[PPij]‘ ”Q'n'ée" ‘Wém’have
these PPP for the detailed categories they may be aggregated, first with
the Laspeyres’ formula and then with the Paasche’s formula.

To conclude, these methods involving binary comparisons cannot achieve
genuine fransitivity. In addition they suffer from the disadvantage that they
are not efficient in the sense that they do not use all the relevant price
information available and they depend upon the choice of a base, or bridge,
country. If only two countries are going to be compared, this does not
matter, but when the objective is to calculate a set of multilateral
gomparisons, the lack of efﬁéikgri‘cy' and;‘c'_lfj:p‘endence: upon the. éhoice. of the

......

base country are important shortcomings.

1.2 Multilateral comparisons methods

In this section we will discuss -several .ways. of achieving .efficiency -and.
base-country invariance. In some aspects, the desired properties we are
looking for these methods are similar to those we claimed from binary
methods, specially characteristicity. In other respects, however, we will add
some new properties or we will change some others. The properties of the
multilateral. methods-which are-used when many countries. are :to-be=compared
“jointly;~rather than~merely in-pairs, are the folloWing:" S

I. Base-country invariance. It should make no difference which country is
- chosen as the base. That means that the country selected as the base

should serve as nothing else as numeraire.

2. Equality of treatment of countries.

-13- -
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3. Transitivity. Each PPP should be a number on a continous scale in the
.. sense that . e : :

- PPP,= PPP.+ PPPy . V-j,lk countries -~ - 9

4. Statistical Efficiency. Because the data collected are subject to sampling
errors, the multilateral methods used should give PPPs that are relatively
insensitive to the underlying sampling errors, i'e., thé aggregation
methods should provide estimates of -PPPs that have minimum variance. -

As in the case of the binary comparisons, two stages in making ‘multilateral
comparisons may be distinguished: first, combining items data at the detailed
category level for all the countries in the sample to obtain- transitive PPPs
for each category, and second, averaging.in a suitable. way.the PPPs. for the
different categories to 3-'obtain~‘=f PPPs- at".various levels- of-aggregation;-as for
example the GDP level.

There is no consensus about the best aggregation method when multilateral
comparisons are to be done because there exists a conflict between the
* characteristicity and the  transitivity properties. We. can. distinguish, and
this applies for the two stages of the aggregation; two -different  approaches.
One school of thought proposes to use a common set of international prices
that automatically ensures that the calculated PPPs are transitive at every
level of aggregation. Thus, this school argues that the natural choice of
-~ international..prices- for..a. set. of multilateral. measures. is..simply. the..average
- -prices. withinr-the-whole: group.-of :countries-andy  iny this:-sensey.the: PRP. of
each country could be referred to this international -prices. This approch is
preferred to that of chosing an arbitrary base country. By u'sing these
international prices, transitivity is ensured, but that means to sacrify the
characteristicity requirement, because there is no reason for these
international . prices- - to- be . similar . to.relative prices.-:structure..-of....each
country in "'the‘;csarhpl‘e. o L T

-14-




There is a second-- school:.ef...theught;-~however, which relegates the
international prices to a secondary role, and seeks to evaluate multilateral
. -measures’ in terms. of their relationship..to. binary measures. It.is. -argued that
‘a binary measure-between -two countries- taken -in-isolation- from-the-rest -of
the group. is the best measure.for this pair of countries, and so, a very high
degree of characteristicity is achieved.

In the following sections we will discuss the different aggregation methods
to obtain PPPs that are usually proposed by these different approaches in the
two stages framework stated before.

II1.2,1. Estimation of PPPs for detailed categories

The objective in the first stage is to.. obtain transitive PPPs for :the
detailed categories using data about prices, -which . have been - previously
collected for each item in every country. Transitivity of results - is
generally required as a necessary condition and we will examine the different
methods applied to achieve it.

The starting point will be to collect prices, P, in the way summarized in. the

price tableau:
Country ()
Item{o) Country 1 Country 2 ...... Country n
1 “Pu P12, Pln--'
2 7 P21 : ,v)Pn RPN Pz'n'
4 Pal Pa2 """ Pan‘

-15-




where Pocj is the price of therath-commedity-in the jth country expressed in
the jth country‘s national currency and A is the number of items in the

~Category~considered. -

s . - R 13

=+ The first thing‘We could-do is-to compute-geometric- means-based upon the data

of the tableau as following:

|

(eer) =]

(), |

and we would obtain:

(10)

1
a
P
. ;r:: (11)
1
2
PAk
Py
(13)

Catégory PPPs that are geometric means based upon binary comparisons of
prices have a high degree of characteristicity. But if, for any reason, the
matrix P of prices contains some holes, this transitivity result will

_disappear.

-16-




As long as transitivity-is- essential; - one=possibility to overcome the problem"
is to use a bridge country. In this case, we would choose a country, for
example, - the..nth..country. and:-we-would compute:-all.of the. PPP, . in.order-to -
obtain: ‘

[PPsz]i - (PPPJ-,,]i.+ [PPPkn]i | (14)

where [PPPJ-Q]' is the PPP, for the ith category computed using the nth

country. But in general, if there are some missing values in the P matrix
(because some goods are not available in some . countries), them

[PPPjE]'*[ PPij]', achieving transitivity. but. in".an artificial way. :In
1 i -

addition, the results are not independent of the country- used as bridge and
this method is not statistically efficient, because it fails to make use of
all the information contained in P.

Two methods are usually proposed to overcome these problems. First, we shall
discuss the EKS method used by Eurostat and the _OECD in-1985. PPPs. Given that
not all of the items of the category i have been priced in every country the
first step is to compute the following binary non-transitive PPPs between
pairs of countries:

(. ) S . |
PPP;| = ECHE Laspeyres PPP ¥ Kij countries - (15
W = o _aspeyres J countries - (15)
=1 oo
r A 11
: P ia :
[ pppj'lll]‘ = .ﬁ.‘:‘i Paasche PPP ¥ h,j countries. (16)
' | a=1 @n | I |
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: represeﬁ’ca:ﬁ

g where the .supra-index  indicates..that..we are. comparmg the. prices. of the most
sedters of - expeﬁdtmfeﬁwpaﬁemﬁ meifferthe Hithe: %%ﬁﬂ‘éﬁy*w(m ~the
Laspeyres case).or.in the.jth. country (in the Paasche case). Each of the PPPs
we get are biased estimates of the true PPPs, in favour of country j or
country h,' except for cases where all the items in category i are consumed in
the two countries compared. After computing these binary PPPs the Fisher
index is calculated in order to compute the best possible ‘unbiased- estimate
between country A and j. The Fisher index.is defined.as. the geometric average
of the Laspeyres and Paasche indices:

[5). =T[4[..P.'P#}h] [PPP]]Z o o

This Fisher PPP has equal characteristicity for both .countries but these
indices are not transitive and thus should therefore be transformed. The EKS
~_method is known as a procedure to provide transitive parities' for- a group of .
countries starting from the Fisher indices. The EKS parities* for country A
~and j for the ith category are calculated in such a way that the deviations
from the original Fisher type indices are minimized, i.e. for the n countries
we have:

Min D = (17)

h,j hijli

I 12"
i~ 8

1 EKS
ln[PPP ] - In|F
1

h=1 j
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is the EKS PPP between the hth and the jth countries for the

EKS
where [PPP

h,j

‘ith - category: - Frony -this mnnmlzatlon procedure ihe followmg ‘expression for
the EKS index can be derived:

‘[PPPE’,{S]' = ]] e (19)
»hd i _ [lﬁ“k]i | ‘ .

That means that the EKS PPPs can be written as the geometrlc average of all n
“indirect” Fisher estimates, [Fh k] / [F} k]_ . '

- The second multilateral method we shall discuss is the Country-Product-Dummy
(CPD) method, thas is mainly the method used by United Nations and OECD in
1990 PPPs. The CPD takes advantage of all the information of the tableau P in
estimating each of the PPPs. First,. this method ‘estimates . the. prices |
corresponding to the holes in P, and then, transitive PPPs are derived as
geometric averages of all the binary PPPs calculated for every pair of

countries. '

The-method -assumes--that:

inpP =Bj+7 (20}

®j
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That is, the price of the oth-item-in-country-h, is the result of two forces:
one corresponding to the own characteristics of the jth country, represented
by By ik ~and.-the.. .. othe:r correspondmg toxthe special..charaeteristics of this
‘good;’ represented by ¥ Gcmsrdermg“thedmam Py we- Obtaf e

inP ] - [ ]
11 1 L] [ ] * * * 0
: } (') A 0 0 1.0 . e 0
. .. . 00 1 L 0
InP . . . SR PO ¥ .
Al * - * .
1 0 * - - * * 0
nP - .o * - 1
' 12 (.) } R | 0 0 e e e e 1
1 0 ] * * * 0
: . g 01 ++++0 !
lnP _ 9 } e 0 | : | + (.) 9 1 : . * 0 :
3 N IR EYTRSREY I EA
. ) .. | (1) 0 ¢ ¢+ @& o 8 |
. o “nX 1 e+ o - “AX
InP,_ 00 -.--1 001-+-0
7: 1 (')(.) Voﬁ * o+ 0 1 B *
0 0 * * L2 * 1
lnPAn i daAxa [ " fnaxa
- “nAXI1

To estimate the prices of the items for which there were no pricer in all of
the countries (represented by a zero in price matrzx), we have to estimate
. the. following. linear rchesmon equations: ... -

mP =8Bx +...+Bx +9yy +.+yy +v (22)
o oy n g Iy AT A o
~ whose two sets of involved ‘dummy variables a:e::\,..' S
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- -'* - .
x* - 1 if ] =1 (23)
o} “Otherwise e
L ,
's ‘ . .
y* = llf o0 = (24)
o Otherwise
L
we shall also assume that - -
2
v ~NOo) (25)
o
If we impose j to be 1:
o )
LinP =8 ]x - (26)
o ol
a=1 =1

A

but as Zx =A by definition of x , then
o . (1.7 S e o
=1 T
A
B, = (l/4) Y InP (27)
1 «l
=1

As we-can see B,,..., B, are geometric averages of-items prices. ‘So, we have
made comparisons that are transitive:

A 1.
_ B, = n Pou ‘ o (28)
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8, = (29)
: 1
% . P |* PPP 30
5= (2| = P72, 50
=1 '

A possible disadvantage of this generalized bridge-country method is that a
country for which there are many price observations within the given category
will have more influence upon the regression coefficients than a country for
which there are few price observations.

e
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II1.2.2. Estimation. of. tha,,iBBB:fm:;,a,ggregii@s,ﬁ“Gewy—IGmmis and EKS Methods

We.now are. at.the second. stage of the estimating procedures. stated before.
Having a suitably -calculated--set--of - PPPs-for - the- different--categories, we
shall discuss the methods usually, proposed. to combine the various category
PPPs to estimate the PPP at the level of both GDP and their components. In
aggregating up the PPPs from the category levels we shall need some weights.
These weights assigned to each category‘s PPP, are obtained by assessing the
average importance of the category, relative to -all other: categoriés across
the countries, measured by expenditures' data. of the different countries in
each category. |

There are a large number of aggregation methods and, as we shall see, the
different international organizations which make international comparisons
have showed diverse preferences for these methods, sometimes due to the
characteristic of the data, other for computational. problems. .. ... |

One of the most used and known method is the Geary-Khamis method, proposed by
Geary (1958) and subsequently, improved by Khamis (1967, 1970, 1972). This
method was used by the ICP and the OECD until 1990. An alternative method to
this one, was suggested by Gerardi (1974) and was used until not r'nany.‘yeax‘s
by EUROSTAT. Other method is the Walsh method, recommended by Ruggles (1967)
‘and very used by the ECIEL in the Latinamerican comparisons. Prasada-Rao
(1972) suggested a method alternative to the Geary-Khamis which is based in a
log-linear equations system.

All these: methods. are: basically ..country -invariant: and:have. the “transitivity -
property, and they permit to calculate multilateral PPPs in a group of
countries for the GDP or, for any of its components, relative to a set of
international prices of goods and services. Thus, as outlined earlier, these
indices have not a high degree of characteristicity. -

. However, “there . -are. other--aggregation ~methods - that -permit to- obtain
- transitivity without sacrificing the characteristicity requirement. Thus, we
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have the Eltetd-Koves-Szula-methedy normally.referred as EKS method#* that, as-
we explajned before, can also be used to get PPPs at the detailed categories

Others methods whrch share this. property w1th the EKS method are those
suggested by Van Yzeren (1956) which consider that the binary parities are
very relevantS, As the Geary-Khamis and EKS methods are the most used, we
only discuss these methods in the following sectionss,

Geary—Khamis Method

If each c’ountry’s price for a particular good or service were adjusted for
the known purchasing power of the_.country s currency, it would be easy to
find an international price, denoted” nf,,_.’f'for the - good or-service.~ Similarly;
if the international prices were known for each good or service, it would be
a simple matter to compute for each country the deviation of its prices from
the international prices and, thereby, to obtain the corresponding purchasing
power, denoted PPP;, of its currency. Geary suggested the use of a system of
- homogeneous linear equations that would make it possible to find the II; and
PPP; simultaneousty from the. prices and quantities' data-of a-set -ofgoods: and-
services for a group of countries, p,; and ¢g; Subsequently, Khamis
demonstrated that the equations system generates non negative T,’s y PPP’sl.

4 The -original -publications:-.: describing - -these  methods...-are.. not. ' in-.. English,
but Dreschler analyzed this method in an article in the Review of Income
and Wealth in 1973. , _

5  We will not discuss the Van Yzeren methods because have not been used
frequently in the estimations of PPPs in the last years . This method,
however, was used by the European Coai and Steel Community.

6 The Gerardi (1974) and Rao (1972) methods can be considered as deviations

- from:the. Geaty-Khamis- method..

.1 _These ' dggregation methods “for pnceswer for"'f:s:"panues::r.aare ‘,,;;,abasrcallym- ad:"- hec

- statistical - procedures with. . - some "~ “intuitively- - -appealing ~ = interpretation,

but they have often been criticized as a mechanical procedure with little
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The Geary-Khamis equation system is as follows:

" P g

S ): d , i=1,...,inn (categories) (31)

j=1 PPP

PPP, ==L j=i..n (couniries) (32)‘

The first equation says that the international price of the ith category for
the n countries considered, I, is the weighted average of the prices of the
ith category in this group of countries where the prices p; are adjusted. by
its corresponding PPP, and the weights are given by the quantities of ith
category’s goods and services consumed in each ‘country; “g;,” with ‘respect to
the total amount of this ith category demanded in all of the countries,

n

):qij'

i=1

or no economic theoretic foundations. Caves et al (1982) highlight this
problem and conclude that alternative methods, specially those based on
EKS method, should be -considered, ‘because, at .Jeast, theser methods are
based - - on - some. - minimization -criteria. Prassada-:- Rao. and.. Salazar-Carrillo
(1988) analyze which utility = function for- the different ~countries .- in - the
sample could justify the application of the Geary-Khamis method.
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The second equation- says- that the:purchasing:;pewer of a country’s currency is -
equal to the ratio of the cost of its total demand of goods and services at

m st

 national-prices; Epuqu,tetlwcostatw»Memanoﬂaﬁl ncesv- .

i=1

The system consists of (n+m) equations in (n+m-1) unknowns because PPP,=1 for
the country used as numeraire, so one equation is redundant. After suitable
manipulation, is easy to show that-the sum over i of the first .equation is
equal to sum over j of the second equation, and the system is homogenéous.

Given that we want the Geary-Khamis procedure to be used as an aggregation
method of the PPPs previously calculated for the detailed categories® , the

data that we have are these [PPP ]i for each of the i=1,...,m categories.

, in
But the inputs that the Geary;kﬁé ‘fiéjﬂ'met‘_hod 'reqilires¥;i;.7ére- -prices and physical .
quantities for the sets of good and services to be covered. The ‘only

information that we have, except for the [PPP ] , are the expenditure data

it

of each country in each category. That is, the starting point is a set of
transitivity parities [PPP ]_=F11—;- -where the nth country is .used as a.
m ! n . : -

reference. Let us define the expenditure or the jth country in the ith
category as e; = p; ¢;. In this case, the Geary-Khamis equations will be:

8  An example of this is the work of Ward, M. (1985) for the OECD countries,

which provides PPPs for 1980 derived using the EKS method in the first
stage -of. “the aggregation procedure; i.e., to obtainr-transitive PPPs - at a
redetailed category - level ' fiom v the Fsitem - prices; and-.. fhen, using * the
_ Geary-Khamis “method in ‘the second stage. . This' procedure = ‘is - similar. in.
OECD publication of 1985 PPPs. :




_ aPPP] | € |
I = I 2L —2 | . i=w..,m (categories)
PPP, | %, T
i=1 J ]
e
ij
i=1.
¥ [PPP le
) mn i . . ‘
PPP, = i=1 — , J=1,..,n (countries)
L ne

where e = (pyd)/@i/P) = @5 P It is easy to show that T=M/p,

and PPP =PPP,. Thus this aggregation method ensures that PPP, for the
different aggregates will be independent of the country used as a base.

The advantages of the Geary-Khamis method are the following;:r'.
1) It assumes that there is a umque PPP for each country and that this can

be measured in terms of the weighted average deviations of its prices
from average international prices,

2) Besides that, it defines international prices” in-a straightforward and
appropriate way. It is the availability of these  international prices
that enables us to achieve additivity and transitivity at the same time.

3) Finally, the method makes it possxble to pick a base country that will be
no more than a numeraire country
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fiéthod is, that the international
price of any category is equal to the weighted average of the individual

An essential aspect of theGeaIy~Kham1

country prices for that. category -after the - country=prices- have’been adjusted
by its *-fcorre'sponding‘VPPPJ.,' ‘as- it can.-be: seem-inithe~first~equation. But. the
~weight for any country is its share of the total quantity of the category
goods and services demand for all the countries belonging to the sample.
Thus, ‘the “international prices" calculated by this method will depend upon
which countries are been included in the sample. |

EKS method

EKS method® was discussed earlier in this paper when the methods usually
~ Suggested to compute PPP. Py at the detailed category- level ‘were ana]yzed It is
also possible to use this method to compute PPPs at the GDP level and for its
components. In this sense, for each pair of countries, » and j, we should
- first calculate the Laspeyres type index and the Paasche type index, but
taking into account-the relative importance of the ith categoi'y in the total
_expenditure:

[PP}*fh] ; Laspeyres type index

9. .This is the - method  used- in ‘the.. last publlcatlon« of: the ‘OECD - about- PPPs

for:-1990,"  as.~ regards: the aggregatlon «in.-the:. second:.stage;. . whereas... for. the

““first one, i.e., to obtain PPPs for the detalled categories, CPD" -method
is used in this publication. '
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where the [PPPJ_:;]i is the PPP for countries j y # for the ith category
calculated using the most representative items prices in the jth country, and

the same for [PPPj :]. but now using the prices  of the Ath country. The

weights w and w were defined before. Having these PPPs for an aggregate,
ih i :

we can calculate the Fisher type index as follows:

172 '
= h i C e : SO :
F, = [PPPjh PPPjh] _ @

and as before;

n n

' . 2 e e - N
Min D = z ): [ln PPPEj -In F; h] (38)
h=1 j=1
and thus, 'we - would obtain that:.. .
a F 1/n
- hk _
PPP?:S = ﬂ T, (39)

k=1
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as

we did for each of the categories. inthe fist Stage of the aggregation

procedure.,

. Recently, the OECD, who.has been usinig the Geary-Khais method for the second
stage for a long time, has opted for the EKS method. The reasons given by the
OECD to justify this change are the following:

1)

With the EKS method, countries are treated as a set of independent units
and each country is assigned an equal weight,.-so the PPPs.obtained are
equi-characteristic of the ‘prices of- all countnes because they are
calculated by minimizing the dlfferences between mult11ateral bma:y PPPs
and bilateral binary PPPs. As a result, the EKS method provides PPPs for
each pair of countries that are closer to the PPPs that would be obtained
/if each pair of countries had been compared separately. With the Geary-
Khamis method, countries are treated as members of a group, that is, as
parts of a whole. Eachcountryﬁswelghtedaccordmgto1ts share of the
GDP for the group and common priées are defined as prices which are
characteristic of the group overall. They are obtained by averaging prices
across the countries in the group. Thus, a change in the composition of
the group can change the average prices as well as the relationships

—-between-countries,

. _2)

3)

Besides that, when the GeéIy-Khamis method is used, the "Gerschenkron
Effect" appears, because when the price structure of a country is very
different from the structure of the average prices used in the aggregation
process ("international prices”), this country will appear as having
‘higher wolume:- levels-that if: would have: had-if ‘the average« prices: used- had.

“been ‘more-characteristic of  its pnces “This is not-a- ‘problem when EKS

method is used, because this method calculate some average prices that are
"equi-characteristic”.

On the other hand, the Geary-Khamis method provides results which are

additive, that is, the real-values: of __aggregates‘._arefa':.the’t':sdml.,of .the - real
values of their components-and this not the case with: the EKS method:
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In any case, comparisons of both methods suggest that differences are very
small,-as Kravis, -Heston ‘and;-.f;S_ummens,:_-. (1982). -have.:shown - with - numerical . . .

examples.
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IV. INTERNATIONAL AND.INFERFEMPORAL COMPARISONS OF PPPs
- The .calculation . of . PPPs .and.-quantity..comparisons. -_form_;a-- given-year. provides
‘interesting ""informati'orr'“about:::fi' the- -relative=ir nee~of-countries:—However,
. it would. be very convenient-to- have annual estimates of these PPPs in order
to permit users to apply these parities for international comparisons of
annual data of the GDP or other aggregate expressed in national currency. In
this section of the paper we shall comment the problems related to combining
space and time comparisons of prices for a group of countries, following the
works of Krijnse Locker and Faerber M.D.- (1984), Summers-Heston (1988, 1991)
and Kravis-Summers-Heston (1982).

The use of PPPs for comparisons of final domestic expenditure or GDP, within
a group of countries, must be done in a framework in which space and time are
simultaneously involved. In this framework, temporal indices and parities
should be transitive in time and. space..lt is-assumed.that -the.-starting point
is a set of PPPs (calculated on the basis of special price surveys, such as
those elaborated by the United Nations!® , the EC or the OECD) and that
national price indices are available. The objective is to obtain PPPs time
series for a set of countries, in such a way that ".the implicit  prices
evolution resulting of comparing two benchmark of this time series is
consistent with the explicit evolution of- prices:that -can' beobserved in the
national price indices, and that the PPPs derived by extrapolating the
original PPPs using these prices indices be transitive between countries.

However,..when. . the .PPPs. are. extrapolated .using..a. price index .there is. an
impertant - source--of..- errors: .-international.-comparisons.-.of .prices- are: :made
using data and methodologies which are different from those used in the
calculations of the national price indices. These intertemporal prices
indices are computed using the price data corresponding to a basket of goods

10 That refers to the “International '~ Comparisor-. Project” of  the United
Nations.
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and services which-is -differentin:-the--different countries of the sample: In
addition, this basket could be, and normally this is the case, very different
< from--the--basket - used in-the..estimation  of . the: PPPs. In: general, these errors

will”™ depend. on "the dlfferences betwem* ﬂ‘IE“““"’ﬂ‘peﬂdttﬂf —pattern--of--the -

countries to-be- covered and--on. the length.of the period over which data are -
extrapolated: -the- longer this period the stronger the errors. Presumably the
errors also will depend not only on the number of years but on the
characteristics of the period as well. In periods such as the beginning of
the seventies or during. the_,,_eighties, when drastic changes  in ‘the ‘world
economy affected the international prices- structyre,- PPP. extrapolated. are
less reliable!l.

It would be possible to extrépolate the PPPs at a disaggregated level if we
had national price indices for the different subaggregates. Once these PPPs
for subaggregates had been .extrapolated,. they could. be. aggregated to obtain
~ the PPP of the aggregate,' for exa-mple?«trhew GDP: But; - the -PPP-for-the GDP
obtained in this way would not be necessarily equal to the PPP extrapolated
with an aggregated approach.

The global approach is one of the main reasons for errors and desaggregation

 seems to be an effective method. of limiting errors, because. this detailed

extrapolation would permit us to take into ‘account “the: changes -in the. price
structure at the detailed categoriesr level. However, this desaggregated
approach will require a high volume of detailed information which is only
disposable for some international organizations.

- He KrijnsesLocker and**FaerberM(lQSzl) proposed:-three-methods.40.obtain
price indices and parities which will be  transitive- and consistent in- the
space and in the time.

i Szilagyi - (1981) presexjts"r a " sirilar diseussi‘on*;f'v-"‘ but"“‘“‘féferred' “to- the .
extrapolation of quantities and volume indices.
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IV.1. Unchanged price-indiees: s -

‘One-: possibility . consists = in - remaining- unchanged. price - indices - while:. the
parities of a base year are extrapolated ~with - this indices. The simplest
method of extrapolation consists in:

7
" L
ppP = pPP° - | whj , Vvt (40)
jh jh Ih _ :
it

This method is very convenient if we want to estimate, either future PPPs or
past PPP from the last PPP which is available. .

IV.2. Unchanged Purchasing. Power Parities

YRR

If we want that the observed parities remain unchanged, it is possible to
obtain new price indices in such a way that the parity change is explained.
The change of parities over time will be due to the relative change in price
level in the countries concerned. Let us assume that we have. the transitive
parities observed in periods ¢, and ¢, for countries j and k. Suppose the
change in the parity from ¢, to ¢, will no correspond to the price change
over time of the countries. In order to determine space and time transitive
parities and indices it will be necessary to re-estimate the indices. In
general, we will have that:

i* Y i
', pPP 1 :
h" - LI VA R (41)
. o h 0’1
1 ppp 1
to:ly jih o1
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where PPP is the PPP between country‘j and A in period ¢, I’ is the
. jh ‘ o

original - price index of:country  jibetween period: 7 -and’ périod z,, and I’

is. the. new. transitive price index, which is obtained in such a way that the

deviations of this index from the original one are minimal. The distance to
be minimized will be:

) 1
n 1’
D = Z log —2L ) (42)
j=1 I’
toh1

By introducing the consistency property between parities and indices it is
possible to get the following expression for country A:

y b |?
n 22 3
- jh_ ‘o
Dy =} |ln —% - | (43)
il ppp 1
O h tooty

and so, the new transitive price index for country 4 becomes:

[ [ | ] i
- ool PPPJh ; _ N ] :
r =] 1 Vi, (44)
ol PPPto X0
j=1
[ e

If parities are-observed in different years :and we. want: to-estimate - parities
" for the intermediate periods, the interpolation :procedure is carried out-on
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the basis of the' available~~nationat~“price indices. An appropriate
interpolation formula is given by the following nonlinear equation: |

4 ' -t

t1-to . uto

J J

1 1
Al 0 it oyt | .

PPP = | PPP ‘ PPP - Vhj,Vvi b=t (45)

jh ih ih gl o 1

1 1 . o ‘ .

tost tot |

'o |
In this model if r=¢, and t=¢, the observed parities PPP ~ and PPP are
jh jh
obtained. The influence of these parities depends on the distance from the
considered period ¢, L | S

B

IV.3. Consistentization between PPPs and price indices

The third possibility consists in the adaptation of parities and indices. In
many practical situations observed }pqrities and national price  indices will
be given the same priority for the calculation of the change in the price
levels between countries. It will be useful under these circumstances to use
both types of information, the national price indices as well as the
parities. Let us see three different methods for the adaptation of prices and
indices. - ' '

IV.3.1. Forward smoothing system.
With this system the parity between countries h and j is fixed for the base

year. For all the other years ¢ the parities are defined. as the geometric
average of the space transitive parities ~observed in- year ¢ and the- space
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transitive parities at' year—r-extrapolated:-~by:- means of price indices and-
parities of year ¢z, ‘

o . T R T S
PPP = PPP "YVh, | o o ‘ T (46)
_ PPP, " o o
r \
I i 172 | ) ‘
ppp' = | ppp'PPP. S wmji, v (47)
jh jh jh I J e e S W G e e e
lo,l
\ J

The correspondmg space and. time transitive mdlces I are obtained as

ltl
indices between two parities: o
[ T1/2a
17 = ”_Jh I 1 |- b Vi R (48)
tol o 1,F t.t ‘
j=1 PPP e
jh

IV.3.2:. Backward-smoothing -system:-.. .

This systems is just the opposite to the first one space and time transitive
parities of year ¢ are kept unchanged, and all the other are calculated as
the geometric mean of the space transitive parities observed in year ¢ and
the space. and.. time - transitive. parities. at year t . extrapolated.. by means of
price-indices=and parities..of. 51
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PPP Y h,j
jh
i
IJ
t | ty,t
PPP PPP :
jh jh I.I
. tl,l

vh, j ,

e T PR e o P e R e

Vi

(49)

Space and time transitive parities for t are calculated each time a new

observed parity becomes available.

IV.3.3. General Smoothing.

The third system permits a general revision of parities and price indices

instead of fixing parities of a given year. In this case, parities for each

year ¢t result from the geometric average -of transitive - parities -obtained in-

the two previous system.
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IV.3.4. Chained Forward SmoothmgSystem

THE " systéms explained in" thé.-previous paragraph: takes-the ‘base year at z; or
t, on the average of -the two. as a-basis~of~the-annual-estimation ‘of. the
" parities and time indicés. Tt 'is possible that between ¢, and ¢, the distance
is very great. That means that estimated parities are influenced by parities
observed in years which are very far away, and this seems to be undesirable,
It is possible to improve this situation by introducing ‘a system. of- chain
indices in which the transitive - pari'ties‘. of a éi?en ‘yéar are 'majnly
~influenced by parities of very close yearsby ~a shiftof -the-base-year, By
introducing this idea of chain indices 1is possible to define three new
methods. The Chained Forward Smoothing System uses for the base year the
original parities:

PPP° = PPP’ VY hj o (51)
i i ,

For all other years a recursive definition of parities is necessary:

j Yig-
t* 1* T, t . |
PPP = |PPP — PPP Y hj, Vvt (52)
i ih h ih
1
t-1,t

In this ‘chained-:system, ‘as ‘was -the‘case in -the év'.briginals:r;a"férWard‘,'.smoo'thihg
system, the results do not need any revision because of new information.

~30~




1V.3.5. Chained Backward-Smoothing-Systens-

The parities.-of the..last-benchmark year -will :be_kept- constant :and chaining
will work backwards

b

ll ll .
PPP = PPP VY hj (53)
jh ih
j - 112 -
* 1 I:+1 t t .
PPP = |PPP 'T; PPP v hj,vt : (54)
jh jh I jh .
t+1,t

IV.3.6. Chained General Smoothing ‘System

This system is only the geometric average of systems IV.3.4. and IV.3.5.:

12

j 1}2 j 12
* -1 IH ; t t+1% IH,I ; t )
PPP =\ |PPP —— PPP PPP ——*~ PPP vh,j, vt
i ih Ih ih jh Ih jh
t1,t t+1,t

54
Once these different methods to obtain intertemporal transitive parities have

been analyzed, we can conclude that the choice depends on the relative
quality of parities or indices
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V.- PPPs ESTIMATES FOR OECD " COUNTRIES: 1960-1990

V.1.- International 'Cnmphifis‘ons:;i‘Rese_archa; ‘A-Brief Historical Survey -

- The aim of this section is to obtain a new set ‘of' real products and its
composition in major aggregates (private and public consumption, and
investment) for OECD countries relying on OECD national accounts and taking
into consideration different PPP estimates from the International Comparison
Project (ICP), Eurostat and OECD. These- parities -between currencies permit
comparisons of GDP aggregates for different countries. As an example of the
importance of the availability of PPPs one ‘should notice that the
homogenization of aggregates expressed in different currencies is always a
previous work in any empirical study in which real variables are involved.
This is the case, for example, in empirical economic growth literature.

OECD, United Nations, Eurostat, World Bank and IMF have promoted the use of
PPPs in international comparisons of real income. The first study in this
area was due to Gilbert and Kravis (1954) who estimated PPPs for USA, United
Kingdom, France, Germany and Italy. In the late 60s, Umted Nations in.
collaboration with Pennsylvania University designed = a wide project to
undertake comparisons of real incomes.. The. -first.. results. of . this project, -
known as Phase I were published by Kravis, Kenessey and Summers in 1975 with
data of six countries for 1967 and ten countries for 1970, among them USA,
Germany, France, United Kingdom, Japan and Italy.

ICP Phase: II results were»~pubhshed by Kravm, Hestom amL ‘Smnmers m 1978, .
with data of 16 countries for 1970-and 1973. United States Germany, elglum
Netherlands, United Kingdom, Japan and Italy are included among these 16
countries. Following these results, Summers, Kravis and Heston (1980)
estimated PPPs for 84 countries, making comparisons in real terms from 1950
to 1977.
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In 1978 FEurostat published their first“tesults; comparing national accounts
aggregates (following the European System Account classification) for 9 EC
* countries” in 1975~ These~ results were-followed: by:"ICP Phase Il -Kravis; -
‘Summers.and Heston-(1982)--with’data of34-countries, for: 1975, among them' the
9 EC countries (Germany, France, Belgium, Denmark, Luxembourg, United
Kingdom, Treland, Italy and Netherlands) and USA, Japan, Austria and Spain.

Results of ICP Phase IV where published simultaneously by Eurostat and. United
Nations in 1987, inclljding 60-countries with 1980 as benchmark year. Among
them there are 18 OECD countries; while:Sweden, - Turkey;Switzerland, Iceland
“and New Zealand were not included. Ward in 1985 published some preliminary
results for OECD countries, and Summers and Heston (1987) used the Phase IV
results to estimate parities for other 70 countries, which ' permits
comparisons in real income between 130 countries.

" Phase V results were used""bj"f‘“Sﬁmm"e'rs‘”ﬁr[d'"‘Hest'on‘“(1’991)"“‘t’0= ‘produce the' Penn
World Table, Mark 5. Phase V refers to 56 countries using 1985 as benchmark
years. The only OECD countries for which benchmark PPPs estimates are not
available are Switzerland and Iceland, while for Canada PPPs refer to 1980.

~ However, these results were preceded by OECD 1985 PPPs .for. 22. members

o (1ncludmg Canada)

g

At the present, there are only some preliminary results for Phase VI, that
refers to the 24 QECD countries having 1990 as benchmark year. In contrast to
~ previous studies that use the Geary-Khamis aggregation method!2, these QECD
o gstimyatesare: obtained withs: the EK 'methw, while:: Geary ‘Khazm '.xesult& will-
"‘be“ pubhshed during 19937+ SR St i

Penn World Table has been extensively used in international comparisons of
real incomes, and provide some detailed information for OECD countries. Then

12 Eurostat used the Gerardi method in 1975 resulls.
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“., o fTom-original> OECD. estimadtes. “LTable:. 5.k prowvi

the question is why- should.we: be:interested:in. nsing a data set for the OECD
alternative to the well known PWTS. There are several answers to this
question. First, it.is convenient .to. use. all available..information, updating
~ series as ‘much- as-possible: PWES ranges -from:: 1:950 40.-1988--and--uses.the - ICP
- classification, which. makes -it--difficult any effort to assembly with data for
recent years from OECD national accounts. Being the result of ICP’s Phase 'V,
PWTS does not use purchasing power parities estimates for 1990. Therefore,
PPPs for Iceland and Switzerland have '_been estimated from a structural
relationship between PPPs and available capital - city - price - suNeys=--in the
benchmark countries. However, although. this procedure is very appropriate
when PPPs are not available, they can produce significant error
measurements'?. Second, Summers and Heston do not maintain the fixity
convention in PPP agreed by OECD. This convention allows the original
Eurostat and OECD results to remain unchanged when these countries are
included in a wider sample. When ﬁngy is not maintained, the inclusion of
- countries with different GDP. .compasition.. and..-different...price. . st:mctures
introduces distortions in original comparisons between OECD countries.
Besides that, countries with more than one benchmark have slightly modified
national accounts data and PPP in PWTS, as a resuit of what is termed as
consistentization procedure, that was also used in PWT4!4. This procedure is
based in an errors-in-variables model that estimates adjustment factors in
PPP and national accounts data, in such a: Way-;_,that-’-th-e, adjusted -real national
account data of one benchmark is equal to the adjusted data of the previous
benchmark times the adjusted rates of growth. As a result of this
consistentization procedure and the inclusion of non-OECD countries when
. fixity. is. .not..omaintained,..real...variables .in EWT5 can. differ significantly
Bsathe. original: 1985 :QFECD.
estimates of GDP per capita compared with the ones obtained from PWT5. As it

B As .an - example of ~these :disparities,” the - -ratio of Public--Consumption: PPP

i, t0-GDP PPP.is equal to 1.965 :in . PWT5, whlle it lS only 1. 134 _using. OECD
1990 results, that is, a difference of a 73.3%.

14" See Summers and Heston {1988).
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can be seen there are--very: impertant.-differences for - some countries,
specially Spain, Portugal, Turkey, Japan and Luxembourg. Also, for most of

.. - .the - ceuntties. .these . differences. are..negative,. i.e.: PWI5 - estimates.. of

o relatxveGBP’“PercapﬂafOUSAWMMﬂZ&Mhm“@“M@EGD* T
Therefore, when we are interested in international comparisons of real
incomes between OECD members, there are some relevant reasons in analyzing
the consequences of using a System of Real National Accounts alternative to

- PWTS5, with different purchasing power parities that rely on original OECD

- estimates. It is important-fo-note -that. PWIJ. aims. to facilitate comparisons

between 138 countries (industrial countries, developing countries and central
planned economies), and it is extremely compelling in achieving this
objective. waever, this merit is not a guarantee in obtaining the best
comparisons when the sample of interest is reduced to a subset of countries.

.As we have seen in section.IIL.2, there. is a trade-off  between transitivity

and characteristicity: when.-more. countries..are included..in-the.sample;.. gains

in the former implies losses in the latter.

V.2.- Alternatives to PWT5 for OECD Countries

--When analyzing the possibility. .of:_improving = comparisons -between: OECD
countries, the main question is how successive benchmark estimates can be
used. Taking into consideration the problems we have analyzed in the
preceding section, it is convenient to discuss the consequences of using data

from..different..sources...The..existence...of . different. classification. in natiopal

- accountssand~the attempt:to..maintai

original estimates in each benchmark year are a-limitation in the use of all
available information about PPPs.

«~First -of ally. onewof. the.characteristics. .of . different. . PPPs . studies .is the
-~ convention between: Eurostat;,OECD..and UmtedNatwmto -maintain the roriginal
bilateral comparisons between European Community countries, when they are
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included in a wider- s&mple"asthew@EQBw This is known as the. Jixity
convention. However, in different studies by Summers and Heston, this fixity

- convention  is v:-.;not‘«««.Tappl_ied;i.._.i.7.:.'1ﬁhe_:-:--morigi11al, -~Burostat  parities: between: EC .

countries are ‘changed when: othier. countries- arej;_;;i-ngiuded; “in the comparisons.

- In-general, the larger the number and the differences in the new included

countries - relative to EC countries, the larger the divergences between final
PPPs estimates and the original ones. By the same reasons, there are
divergences for OECD members between the original OECD parities and Summers
and Heston estimates, when developing countries of Africa, Asia, America and
Oceania are included. |

Second, the ICP national accounts classification differs from the System of |
National Accounts (SNA) used by OECD. While ICP classification is done by
asking which agents benefit from consumption, the SNA relies on the agents
that decide the expenditure...In. ICP. classification, government. expenditm_:es'
in health, education, social —benefits, - etc., that- benefit- - households. are
subtracted from the SNA Government Consumption aggregate in SNA and they are -
added to SNA Private Consumption, resulting the ICP Consumption category.

Taking into account the limitations just mentioned, we have proceeded as
follows. For 1985 and 1990 we. have.used. the original OECD estimates of PPPs
for Private Consumption, Government. Consumption and Investment, with the
exception of Turkey. Turkey’s PPPs present cumbersome problems. OECD PPP
estimate for GDP in 1985 equals 153 liras per US dollar, while 1990 estimate
extrapolation to 1985 equals 232 liras. The difference represents a 51.6.% of

- -the. 1985 pasity.. «..Heston-mand.d._Summen&w_(LQ_92)_ explained. that.difference.arguing
.. problems-witlr Turkish-data-because- 1985 was: the/ first-year:in-which: Turkey

participated in the QECD studies. Also the OECD suggested that 1985 results
for Turkey and Portugal were affected by the Gerschenkron effect because of
the use of the Geary-Khamis method. However, for Portugal 1985 GDP PPP was
66.2 escudos per US dollar while 1990 extrapolation to 1985 was 64.5 escudos,

- the difference representing only a -2.6%. As Geary-Khamis--results for 1990
-+ are~not-available: yet;:-we- have.no.estimatedbias-in using this:method. instead

of the EKS one. After a cautious analysis of 1985 and 1990 results, we have
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detected a large discrepancy “between” the “national accounts data used in

estimating the 1990 PPPs and those appearing in the OECD National Accounts,

. 19661991 -While~in-the later-publication-Turkey’s* GDP#is equal -to:283187 -

- -billions of* liras, .in- the former. it -goes:. up:to:390083. billiofis. A’ natjonal

account data employed in 1985 estimates are not significantly different to

those 'in National Accounts, conditioned by the available information, we have
decided to use only the 1985 estimates in the case of Turkey.

For 1980 we have utilized the OECD preliminary results for ICP Phase IV
published by Ward (1985), where fixity: conventiofi-is applied-for-EC countries
and parities for SNA aggregates are available.

For 1975 we have combined Eurostat results for EC countries and those of ICP
Phase III. Eurostat estimates for nine EC countries are expressed in terms of
- ‘the European Account Unit, while-ICP-results-have US-dollar. as numeraire and
~uses différ_ent national accounts--aggregatés. To “maintaififixity -between
parities as close as possible we have computed Private and Government
Consumption, Investment and GDP for EC countries as a whole, both in ECUs and
in 1975 international dollars. From comparisons of both figures we can obtain

”Wthe assocmted adjustment factors for each aggregate that permlt us to
-convert the ongmal pantles in-BEWs - for -each -EC- country to 1975 .

~international ~dollars, without distorting the ~original Eurostat - bilateral
comparisons between EC members. Real comparisons between EC countries and

Spain, Japan, and Austria have been made using USA as a bridge country, For

these four countries national accounts aggregates correspond to ICP ones,

- while for:BEC:members they-correspond:to-SNA«classification:#As - we-are-using -

- OBEDnational ‘accounts“data;an-error-issintrodiced -wheni-using“them- with1975
ICP PPPs for these countries.. However, comparing PPPs estimates for both
systems of classifications in benchmark years where available, differences
used to be small if not negligible.

«-:Although -ICP“Phase-I and 1L results:are"available .we-have:not-employed-them
~~for~two reasons. -First; we “are-net. sure: if* the. advantage- of having: this .

additional information compensates possible measurement errors of these
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estimates, because for some 'countries . national accounts data are estimated
(and in some cases they are far away from successive estimates). Second, ICP
classification ~is+applied for GDP-aggregates ~and - we -are interested: ‘in using
the SNA one.

Table 5.2 provides, for each benchmark year, the PPPs estimates we have used
for Private and Government Consumption, Investment, and GDP, using US doilars
as numeraire. Exports and imports pantles correspond to current exchange
rates. Once PPPs for GDP aggregates are available for dlfferent benchmark
years we have to decide a- method to- useé:these-estimates- to-homogenize
national accounts data. To compare different alternatives with PWTJ results
we could apply two extreme solutions.

The first one consists in using only- the :1990-OECD- PPPs, with the. exception
of Turkey for which, as mentioned “above, we employed ‘the 1985 estimates
extrapolated to 1990 using expression (40). By applying price indices to
national accounts GDP aggregates we get constant variables expressed  in
national currencies for all years from 1960 on. Once we have these constant
prices series, by dividing them by OECD PPPs we express: GDP and -its
components in 1990 US dollars at international prices!s.

The second alternative consists in maintaining the available OECD PPPs
~ estimates for each benchmark year. For the jth aggregate (private
consumption, C, government consumption, G, and investment, J) we have
interpolated.:successive: PPPs-estimates:as:followsz s w0 7 v oo

- S

s - By .-simplicity, - -we.~ -have .only “deflated ... GDP,; . private..  and '~ government
- consumption,  investment, exports and imports, while the . increase in
stocks are not considered.
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where £, and 1, are successive benchmark years, such..that z,==r,, I ()
is the price index from ¢ to f, of aggregate .j, and I () is the price
index from z, to r. Backward -extrapolation: from. last..PPPs- estimates (e.g.:
from 1960 to 1989 in the cases of Switzerland and Iceland) follows again
expression (40).

By interpolation-extrapolation we have obtained PPPs from 1960 to 1990 for C,
G and 1. At this stage, we can.apply Geary-Khamis to these. PPPs to obtain
current parities for domestic-“-absorpti‘onwv()nce" we -have-these -parities for
domestic absorption, estimations of PPPs for GDP are straightforward by using
current exéhange rates for net foreign balance. As a result we have series of
national accounts in current international dollars. However we are also
interested in time comparisons. As USA is used as numeraire, we can express

magnitudes for all countries in international dollars. ar USA 1990 prices, so

that, USA variables in real terms are the same as those of national® accounts:.
It is important to note that in this case for all countries, except for USA,
national accounts rates of growth are not equal to those obtained from this. .
procedure, which fixes all parities in each benchmark year.

o In figuresS’,I 10" 5.2F wevrepresent:the:ratioof -benchmark:-extrapolations-of .
GDP parities to current exbhange rate -the comparative price level (CPL)
following Heston and Summers (1992)-. Apart from the mentioned case of
Turkey, there are some important differences between extrapolated comparative
price levels, which mean that GDP rates of growth between successive
- benchmark..years :are not consistent with- those-coming:-from:national-accounts .
“The: pattern. of - these differences. is. _nat:’ -:«..ver.yz".zclear;,;;u_;.;_"f‘here Jiszmot - a
significant relationship between these differences and income per capita:
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both extremes of poor and rich countries have examples of high differences.
However, for most countries, 1985 CPL. is above the extrapolations for other
benchmark years. This means that- 1985 PPPs are, in general, higher than
~ extrapolations’ from consecutive benchm':‘:l'rk*"y"ears".“"A:"s" “a” result,” income per

capita for OECD countries in 1985 relative to the United States tends to be
below extrapolations for other benchmarks. As Heston and Summers have pointed
out, this fact seems to be related with -the appreciation of US dollar in the
mid 80s. This probably favoured lower prices in the US and. higher in oth'er
Two questions arise. Frrst wheater or not thrs process had" only transitory
effects. If some hysteresis is present, exchange rate fluctuations can affect
countries’ purchasing power after the shock has vanished. Second, it is also
important to know if this shock has symmetric effects upon countries. If
effects are symmetric, dollar appreciation does not affect brlateral
comparisons  between any"”other two “countries, ‘fe., it only afFects
comparisons between US and other OECD countries. If effects are not
symmetric, then bilateral comparisons between any two countries can be
affected.

Figures 6.1 to 6.24 present different estimations of GDP per capita for OECD
countries relative to the OECD average from 1960 to 1991. The first series
uses current dollar exchange rates. As figures show for all countries,
comparisons based in nominal exchanges rates are incorrect because of
exchange rate fluctuations and their systematic deviations from PPPs. The
second series is obtained from the PWTS variable RGDP (real GDP per capita at
.. 1985" lntematmnal pnces A.e., -a Laspeyres:, Index) The”othe,r ‘two' variables -
~use ‘OECD ‘national dccounts data and PPPs: estlmates ‘and".the differencé is
only that one uses 1990 benchmark estimates while the other fixes benchmark
estimates as mentioned above. As we observe in the figures, differences
between both series are smaller than those obtained from comparing them with
PWT5 estimates: for some countries differences between OECD estimates and
PWT5 are very. important.
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V.3.- A Sensitivity Analysis of Cross-country Growth Regressions:
- The Importance -oﬁ.;PBPs e

~We have just seen the--importance of- using different PPPs estimates in
international comparisons of real income. Differences between estimates are
higher enough to justify the use of original OECD multilateral comparisons
results. However, we can even question how these differences can affect other
macroeconomic research. To illustrate the consequences of using different
data sets we have performed a sensitivity -analysis of -how - cross-country
growth regressions resuits are affected by the choice of PPPs.

The theoretical model we have .been.working with is.the well known ."Solow
model", augmented with human capital.. This- model-starts- with- a-.constant
returns production function in three accumulable factors, physical capltal
human capital and efficient labour:

Y, =0,K) (YA, L) | (56)

ety +B=1

A, = A%

it

L, = L™

1t

where ‘¢-is: the exagenous rate of techmcal progfe

BRI )

for the factors of productlon are given by the follow rig expressmns .

d
Accumulation of physical capital: 71::‘— = 5.Y, - 8, K

dH;
Accumulation of human capital: —z= = ;¥ - -8,H;
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Solvmg the model we obtam a umque steady state input combination, that
determines the steady state per caplta 1ncome equatron“‘j Takmg .int6"account
that every country converges to ~its -own - steady-state~ at a constant-rate. A-

" "“{the speed of convergence) we get the conditional convergence equation that

has been the focus of a great amount of empirical work in the last years:

Myr.c - Inyr = ¢ +(1-exp {-hir})'[Ba+¢i*1f”¥lny%+lny%‘ig]5; (57

This equation states that the rate of growth of per capita income of an
economy depends positively on its starting conditions relative to its steady
state, that is, the longer the distance of initial GDP per capita relative to
its steady state, the higher its rate of growth will be. Each countries own
- steady state depends on deep parameters such as savmg rates or populatlon
‘growth: B

Inyr,, = B+ ¢.T + B}l[ailn(s,":)+7iln(s,i,*)-(ai-l¥7-l)ln(ni*+¢i+8 i)] (58)

It should be noticed that the usual procedure in-the literature has been. to.
estimate the conditional convergence equation in a linear. version using.cross
country data. In this paper we estimate the non linear version, using both
- time series and cross section data. This pooled data procedure permits us to
include as many theoretical restrictions as possible, and also to deal with
-the -problem.-of.-endogeneity. of..the - regressors,- using..instrumental .. variables

- .~ estimators.«Another--advantage:-of-<using: -this:kind:zof »nformation: s .that. it

would permit us to estimate jointly the steady state and convergence
equations, imposing cross equation restrictions.

16 For a detailed ' exposition of  this model - see  Sala-i-Martin (1990a - and-
1990b) and Andrés, Doménech and Molinas (1993). ‘
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4 fit with~<OBCD* data s -much<better- than-for™

We have estimated equation (57) for three different data sets. One consists
‘of PWT5 variables, using:RGDP; i and-POP . The other two use OECD-national
accounts data but différent parities:" the.. first -émploys..1990 " OECD" pantles
(with the exception of Turkey- that uses 1985 PPPs);-and the second uses
different benchmark estimates as mentioned above. Human capital data comes
from Kyriacou (1991) and corresponds to average years of schooling in the
labour force. Data is available for 1965, 1970, 1975, 1980 and 1985 although
not all benchmarks are d1sposable for all QECD countries.

Table 5.3 presents cross section estimates of the average rate of growth in
GDP per capita from 1960 to 1988, the last year in PWTS5. OECD data sets
produce better estimates in terms of the fit of the regression. Also, they
produce higher convergence rates (a 30% higher in the case of different
benchmark parities when parameter A is: esumated) and. they accept better-. __‘_;
theoretical restriction of x=(1-x-8)[Z;(n;+¢+8)}/N,” where N*is the number-of
countries and n the population rate of growth. Parameters estimates are

consistent with previous estimates in the empirical literaturel’, in
particular « and ¥ are not far from the traditional assumption of equal
factor shares, and the rate of convergence is around.a. 2% per year. .. .

Table 5.4 provides estimates of -the- convergence equation using pooled data,
which consist in five years averages from 1960 to 1980 and a eight years
average from 1980 to 1988. Estimation method is nonlinear instrumental
variables with time dummies, and instruments are lagged variables except for
‘the -case:.of “human:-capital:- Now: differenees- are- even . larger:..thes regression~ .

estimated, human capital is not significant with PWT5 data and the rate of
convergence is half of that estimated with QECD data and different benchmark
parities. Again, OECD data accept better the theoretical restriction imposed.

17 See Andrés, Doménech and Molinas (1993).
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How do both OECD data sets oompare" Tables 5.3 and 5.4 show a slightly
- better.performance when: only 1990 PPPs are used..However, .notice.that when we
- use-a-eight-years-average- from-1980-to- +988,-we-are-missing-some-information

- .contained -in..1985. PPPs;-and..in. 1989 and. 1990 natienal accounts data. Table

5.5 shows the results of cross-section estimation of the average rate of
growth of GDP per capita from 1960 to 1990. Now differences are negligible,
although data with different benchmark estimates perform slightly better, and
there are some small differences in estimated parameters (rate of convergence
is a 15% higher in col.3 respect to col.l, .,_Wh,ere.,_pafgvmete”r;_,h is -estimated).
However differences are much higher with five years averages pooled data. The
fit of the regression is higher than in table 5.4, and now data with
different benchmark parities produce a significant better fit. These results
suggest that when looking at growth for long periods, differences in' QECD
estimates of real income seem to be of small importance, as we can deduce
from figures 6.1 to 6.24; but.when. we are interested.in.analyzing. medium-term
economic growth, the use of different benchmark parities introduces some
additional information,
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VI. Conclusions

- using, exchangerates- have been

International- comparisons “of GBP per TApita
subject to criticisms. for a .long time. As-a -result of this concern, it has

been promoted the use of purchasing power parities, which account for
different price levels between countries, in the estimation of real products.
In this paper, we have surveyed the criticisms to the use of the exchange.
rates in international comparisons, illustrating with OECD data how
comparisons using exchange rates differ in a_systematic. .way from. real
comparisons in PPPs. As it is well known in the literature, there is a
positive relationship between the comparative price level and the GDP per
capita comparisons using exchange rates. Also we have provided some empirical.
evidence for OECD countries of how price structures depend upon GDP per
capita, as different authors have noted. . _ e

We have surveyed the literature on PPPs estimation methods, making
distinction between binary and multilateral comparisons. As we have shown
there are different aggregation methods, which deal with the conflict between
charasteristicity and transitivity in multilateral comparisons.

When we are interested in comparisons across countries for a ‘particular year,
we have different benchmark PPPs estimates available; therefore, it is only a
matter of choice of benchmark estimates depending upon their distance to that
particular year. However, the problem is more complicated when we are
interested . in_.performing those . comparisons.. across . countries..but -also. across .

- tme.. In.-section.-FVo:we.-present. a. survey:of salternativesmethods:of .combining. .- - -

information from different benchmark estimates and national accounts data. -

As a result of the discussion of alternative aggregation methods of
estimating PPPs, we have concluded how the outcome can be affected by the

- sample.-of . countries-included- in price.-surveys. -In. particular,--because we are
~interested - in comparisons.-: between -OECD countries, -we ' have analyzed

alternative estimations of rea/ GDP per capita using the popular PWIS from
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Summers and Heston (1991),-OECD:1990:PPPs;-and different available benchmark
parities maintaining the fixity convention as far as possible. As data show,
-~there-are- some. significant: differences:comparing PWI5. and- OECD . data. sets.

illustrative . example -of how the use of different purchasing power parities
can affect the results of macroeconomic researches. Estimations based on PWT5
data affect the rate of convergence and yield a worse fit than those obtained
using OECD data, being the __differenCes 1‘r_nor§ important when podled data are
- employed. When comparing  OECD. ,dat-a%;:sets:v the- results.-suggest that, when
* looking growth for long periods, differences in OECD estimates of real income
seem to be of small importance, but when we are interested in analyzing
medium term economic growth, the use of different benchmark parities can
introduce some additional information.
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Table 5.1: Comparisons of PWTS and OCDE results for 1985

Real GDP per capita relative
to USA

OCDE  ‘PWFS = (o-ada
(@) (b) (%)

Australia 71.1 74.8 5.2
Austria 66.1 61.3 -7.2
Belgium 64.7 62.3 -3.7
Canada 92.5 895 -3.3
Switzerland 85.8 :
Germany 73.8 69.4 -5.9°
Denmark 74.2 71.4 -3.8
Spain 46.0 38.3 -16.7
Finland 69.5 66.9 -3.7
France 69.3 67.8 2.2
United Kingdom 66.1 63.6 -3.7
Greece 35.7 -34.0 4.6
Ireland 40.6 35.8 -11.8
Iceland 709
Italy 65.7 63.1 -3.9
Japan 71.5 64.3 -10.2
Euxembourg 81.4 73.8 -9.3
Netherlands 68.3 65.2 -4.5
Norway 8.4 804 -4.7
New Zealand 60.9 60.4 -0.8
Sweden: .. 769- - 73.8 - 40
Turkey 0218 - 191 o-125
United States 100.0 100.0 0.0
Sources: -

(@) Purchasing Power Parties and Real Expenditures, OECD (1987)
(b) Summers and Heston (1991)
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TABLE 5.2: Benchmark Purchasing Power Parities, 1975-1990

Country Year Source GDP Private Public Investment Exports
Consumption . Consumption Imports
AUSTRALIA 1975
AUSTRIA 1975 Summers-Heston (1984) 17.59 16.02 16.02 24.21 17.42
"BELGIUM 1975 Eurostat (1978) 42.58° 41.07 48.04 45.31 36.78
CANADA. ... - 1975
SWITZERLAND.. . 1975
GERMANY 1975 Eurostat (1978) 2.89 2.87 3.10 2.08 2.46
DENMARK 1975 Eurostat {1978} 7.20 7.27 7.34 7.06 5.75
SPAIN 1975 Summers-Heston {1984) 42.48 4133 39.04° 52.81 57.41
FINLAND 1975 o ; o '
FRANCE 1975  Eurostat (1978} L 4,88 4,92 4,78 5.09 4.29
UNITED KINGDO 1975  Eurostat(15978) -0.39 0:39- 0:33 0.53 0.45
GREECE. 1975
IRELAND 1975 Eurostat (1978} 0.38 0.38 0.35 0.48 0.45
ICELAND 1975
ITALY 1975 Eurostat (1978} 567.28 589.80 477.07 604.47 652.85
JAPAN 1975 Summers-Heston (1984)  273.05 278.98 281.95 29679 206.79
LUXEMBOURG 1975 Eurostat (1978} 40.61 37.81 49.77 45.39 36.78
NETHERLAND 1975 Eurostat (1978) 2.85 2.62 3.60 3.15 253
NORWAY. 1975 -
NEW ZEALAND 1575
PORTUGAL 1975
SWEDEN 1975
TURKEY 1975
USA 1975 Summers-Heston {1984} 1.00 1.00 1.00 1.00 1.00
AUSTRALIA 1980
AUSTRIA 1980 Ward (1985) 15.38 15.24 13.73 16.95 12.94
TBELGIOMT T T T 1980 Ward (1985) 3661 7 T 3648 34792 THGI04T T RYIR4 T
CANADA 1980 Ward (1985) 1.09 1.07 1.22 1.08 1.17
SWITZERLAND 1980 o )
GERMANY 1980 Ward (1985) 237 253 1.82
DENMARK 1980 Ward {1985) 7.43 7.88 5.64
SPAIN 1980 Ward (1985) 63.65 68.64 71.70
FINLAND 1980  Ward (1985) 452 479 3.73
FRANCE 1980 Ward (1985) 5.24 5.50 4.23
UNITED KINGDO 1980  Ward (1985) 0.49 , 0.67 0.43
‘GREECE:" ' s Ward(1988ys - L BBOE e BGOE oe B1TOL 42,81 42,62
S TRELAND e e o Ward (1O88) = o e IR & - TN SRR o 7 . Co QJ.JG'? ; B o P g .0.49:
ICELAND : ‘ i o o
ITALY Ward (1985) 758.72 759.07 619.39 896.89  856.45
JAPAN Ward (1985) 240.09 245.42 218.82 230,34  226.74
LUXEMBOURG 1880 Ward (1985) 34.03 33.37 36.06 38.52 29.24
NETHERLAND 1980 Ward (1985) 2.53 2.41 251 2.96 1.99
NORWAY 1980 Ward (1985) 6.15 6.62 4.84 7.16 4.94
NEW ZEALAND 1980 ' :
“PORTUGAL - - 1980 - Ward.(1986) ' - i« AR T 33.84. PGB8,  53.75 50.06
SWEDEN : 1980" TR : ‘
~ TURKEY . 1980° )
USA 1980 Ward {1985) 1.00 1.00 1.00 1.00 1.00




TABLE 5.2: Benchmark Purchasing Power Parities, 1975-1990 (Cont.)
Country Year  Source - GDP Private Public investment  Exports
Consumption. Consumption -iImports
AUSTRALIA 1985~ OECD-{1987)-. ‘ %24 .24 - ot 185 1.43
AUSTRIA 1985 OECD (1987) S e80T T T 1760 1440 16.30  20.60
BELGIUM 1985 = OECD (1987) K 44.60 4640 38.60 44.60 59.38
CANADA 1985 OECD (1987) 1.22 1.23 1.24 1.20 1.36
SWITZERLAND 1985
GERMANY 1985 OECD (1987) 2.48 2.57 2.32 2.48 2.04
DENMARK 1985 OECD (1987) 9.80 10,67 ‘7.70 8.83 10.60
SPAIN 1985 OECD (1987) 95.30 94.00 - 77.60 119.40  170.04
FINLAND 1985 OECD (1987) 5.97 6.87 © 462 5.66 6.20
FRANCE 1985 OQECD (1987) S 727 7.52 ‘ 6.43 7.48 8.98
UNITED KINGDO 1985 OECD (1987} = = 0BT Y 088 - 048 0.67 0.78
GREECE 1985 OECD (1987) 77.30 79.80 67.50 198.40 138.12
IRELAND 1985 OECD (1987) 072 0.76 0.60 0.73 0.95
ICELAND 1985 : '
ITALY 1985 OECD (1987) 1302.00 1345.00 1013.00 1489.00 1009.44
JAPAN 1985 OECD (1987) 222.00 218.00 171.00 275.00 238.54
LUXEMBOURG 1985 OECD (1987) 43.10 42.90 46.20 4250 59.38
NETHERLAND 1985 OECD (1987) 2.55 253 2.31 2.84 3.32
NORWAY 1985 OECD (1987) ‘ 8.63 9.78 7.1 a4 8.60
NEW ZEALAND 1985 OECD(1987) -~ - 135 1.35 ‘ 1.12 177 2.02
PORTUGAL 1985 OECD (1987) . 86.20 77.90 - 29.00 101.00  170.39
SWEDEN 1985 OECD (1987) 8.15 8.89 6.46 8.82 8.60
TURKEY 1985 OECD (1987) 153.00 186.00 63.00 162.00 521.98
USA 1985 OECD (1987) 1.00 1.00 1.00 1.00 1.00
AUSTRALIA 1980 OECD (1990) 1.39 1.40 117 1.47 1.28
AUSTRIA 1990 OECD (1990) 14,00 13.94 11.79 15.84 11.37
BELGIUM 1990 OECD (1990) 39.43 38.68 32.91 46.49 33.42
CANADA 1990 QECD (1990) ' 1.31 1.33 128~ 1.26 117
SWITZERLAND 1990 OECD {1990) o 2.20° Co2e AN 2.38 1.39
GERMANY 1990 OECD (1990) 2.00 202 1,94 2.51 1.62
DENMARK 1990 OECD (1990) 9.40 . 952 7.36 10.42 6.19
SPAIN 1990 OECD (1990) 10955 106.91 79.76 137.92  101.93.
FINLAND 1990 OECD (1990) 6.39 6.63 494 643 3.82
FRANCE 1990 OECD (1990) 6.61 6.47 5.93 7.60 5.44
UNITED KINGDO 1990 OECD (1990) 0.60 057 043 0.84 0.56
GREECE" . . .-."1990" .- OEGD-(1800) - ST 4QE T - T3SFBRIT 11409850 “200:00-  158.51

vy - IRELAND.. .- . 1000, OECD1990). -..-7 . .. .69 . . 08Fuwi o o086 . 084 060
...... ICELAND -~ 1990 OECD{1990) - . 82:61 86.29"" 60.7% 8169 5828
CUITALY 1990 OECD (1990)  1421.59 1347.83 1367.39 176753 1198.10
JAPAN 1990 - OECD (1990) 195.45 196.21 151.28 218.18  144.79
LUXEMBOURG 1990 OECD (19€0) 30.66 36.79 42.44 51.04 3342
NETHERLAND 1990 OECD (1990) 2.17 2.07 1.78 274 1.82
NORWAY 1990 OECD (1990) 9.74 10.19 7.77 9.68 6.26
NEW ZEALAND 1990 OECD (1990) 1.61 1.59 1.21 1.92 1.68
PORTUGAL - 1990 -OECD (1990) - 103.75 09.11. . 6248 154.16 14255
SWEDEN 1990 OECD (1990) ‘ . 934 030 - - 805 10.31 5.92
TURKEY ~ - 1980 OQECD (1890} 1313:00 140400 *. - ~ BO4.00 = 1540.00 2608.64

TTOUSA 1990 OECD (1990) 1.00 1.00 1.00 1.00 1.00




TABLE:5.3:;:Nonlinear: Model

Dependent Variable: Average Rate of Growth in GDP per capita 1960 1988

« - Estimation. Method Nonlme.ar LeastsSquares: ..oz

B

i 27 3 4 5. 6
Constant -7.34 -8.53 ' =~7.31+ =83}~ 1 =778 ~=8.27
(5.27)  (7.28). - (4:34)--(5.93)- ;.(3 82) (4.44)
o 0.35 0.34 0.36  0.36 0.43 0.42
(4.08) (3.90) | (6-00) (5.75) (5.81) (5.33)
L4 0.27 0.32 0.28  0.30 022 024
(3.73) (4.05) . (5.81) (5.75) (3.70) (3.55) -
A 0.017. | 0.020 0.022
4.64) 6.13) (5.04y ~
¢ 0.02r  0.02r 0.02r  0.027 0.02r  0.02r
R? 0.561 0583 0.746 0.777 0.701  0.723
--N:Obs: - SNUR, V. WIS, V. WSS SN, 7, OSSN, ¥, U SURI, 7, N, V. N
A 0.019 0.019- 0.020
imp .
x(1) 1.051 0.030 0.068
(Sig.level%) (30.52) (85.79) (79.38)

Cols. 1" and: 2 ;use PWT ‘Mark 5~ data Summers and Heston (’1991)

Cols. 3 and 4 use extrapolated 1990-OECD::PPPs and OECD Natlonal Accounts Data-....

Cols. 5 and 6 use 1975, 1980, 1985 and 1990 Eurostat—OECD PPPs and
OECD National Accounts Data

r = restricted parameter
t~statisticsin parenthesis

vwx(l) corresponds. to.the- restriction: A= (l‘a‘{i)(n ~A4), . where.. ¢ -0.02,. §=0.03 .
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. TABLE, 5.4 Nonliniea

Dependent. Variable: Average Rates of Growth in GDP per capita

Period: 1965-70, 70~-75,. 75-80 and 80-88.

PPRER

Estimation Method: Nonlinear Instrumental Least-Squares -
(Equation includes. time.dummies)..coc.c.. ©.. ...

1 2 3 4 5 6
Constant ~ —7.65 =-8.58 | ~7.01 ~7.66 | —6.55 -5.79
(1.94) (3.20) | (3.54) (4.29) | (2.71) (2.90)
o 044 038 | 041 041 | 039 0.37
(3.42) (4.50) | (5.62) (5.80) | (4.24) (3.23)
¥ 0.19 027 | 023 024 | 022 022
(1.25) (3.58) | (3.09) (3.99) | 2.61) (2.54)
A 0.014 0.021 0.027""
(3.31) (5.08) (4.30)
¢ 0.02r 0.02°  0.02f 0.2 | 002 0.02f
R? 0.191 0.140  0.342 0350 | 0336 0.334
N.Obs. 9% . 96 9% 96 % 9
A | 0.020 0.021 0.024
imp
2(1) 1.417 0.0004 0.0952
(Siglevel %) (23.39) (98.48) (52.88)

“Cols. ¥ and: 2 use " PWT' ‘Mark ‘5 dafa. -Summers-and. Heston: {1991y :
Cols. 3 and 4 use extrapolated 1990-OECD PPPs and” OECD’ Natlonal Accounts Data.

Cols.

OECD National Accounts Data
r = restricted parameter
t=statisticsin parenthesis

5 and 6 use 1975, 1980, 1985 and 1990 Eurostat=OECD PPPs and

x(1). corresponds to the-restriction: A=(1=0~B)(n; +¢-+8), where $=0.02., §=0.03
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TABLE. 5.5z Nonlinear Model

Dependent Variable: Average Rate of Growth in GDP per capita 1960-1950

- Estimation Method: Nonlinear. Least Squares -

2 3 4
Constant -7.28 -8.02. | -7:88 =-8.01
(3.94). (5.27) | (4.55). (4.92)
o 0.37  0.37 044 0.4
(5.47) (5.29) | (6.87) (6.26)
¥ 027 0.9 0.21 022
(5.47) (4.98) | 4.73) (3.75)
A .. 0020 - 0.023- -
.76y (5:03)
& 0.02 0.02° | 0.02r 0.02°
R2 0.775 0.797 | 0.791 0.799
N.Obs. 24 24| 24
A 10.020 |- 0.020
imp
x(1) 0.001 0.267
. (Sig.level%)  (57.20) (60.56)

Cols. 1 and 2 use extrapolated 1990 OECD PPPs and OECD National Accounts Data
Cols. 3 and 4 use 1975, 1980, 1985 and 1990 Eurostat~OECD PPPs and

OECD National Accounts Data

r = restricted parameter
t=statisticsin parenthesis

* %(1) corresponds:to. the. restriction: A=(l~a~B)}(n;.+¢+35), where: $=0.02 ;- 5=0.03
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TABLE. 5.6: Nonlinear. Model

Dependent Variable: Average. Rates of Growth in- GDP per capita -
Period: 1965-70, 7075, 75-80, 80-85 and 8579Q.. .
Estimation Method: -Nonlinear Instrumental Least- Squares
(Equation includes. time.dummies).. ... :

Constant -6.60 =7.45 | -4.94 . -5.57. ..
© (3.60) (4.49) | (2.99) (2.93)

o 040 0.41 0.40  0.38
(5.80) (5.77) | (5.24) (3.72)

e : 023 024 | 02 023
(3.34) (4.05) | (2.78) (2.48)

A 0.022 0.029

(5.60)" ' (4.93)
@ 0.02r  0.02r 0.02r  0.02r
R? 0.452 0.449 | 0.606 0.596
N.Obs. 120 1207 120 120
A ' 0.020 0.022:
imp
x(1) 0.036 Tian
(Sig.level%) (84.95) (27.92)

Cols. 1 and 2 use extrapolated 1990 OECD PPPs and OECD National Accounts Data :
Cols. 3 and 4 use 1975, 1980, 1985 and 1990 Eurostat~OECD PPPs and
' OECD National Accounts Data

r = restricted parameter

t—statisticsin parenthesis _
A(1) correspends to the restriction: A=(1=a-B)}n; +¢+4), where ¢=0.02 , §=0.03
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Weighted CPL of 13 OECD countries as numérairs (USA,Spain,Ireland,UK, Netherlands, italy, Belgium, Austria, Denmark France,Japan,Germany and Luxembourg)
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: g FIGURE 6.1; AUSTRALIA
GDP PER CAPITA RELATIVE TO OECD AVERAGE
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- FIGURE 6.5: SWITZEHLAND
GDP PER CAPITA RELATIVE TO OECD AVERAGE
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- FIGURE 6.9: FINLAND: o ' ' FIGURE 6.10;: FRANCE
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FIGURE 6.13: IFIELAND
GDP PER CAPITA RELATIVE TO OECD AVERAGE
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‘ FIGURE 6.17: LUXEMBOURG
GDP PER CAPITA RELATIVE TO OECD AVERAGE
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GDP PER CAPITA (OCDE=100%)

FIGURE 6.21: PORTUGAL
GDP PER CAPITA RELATIVE TC OECD AVERAGE
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| FIGURE 6.23: TURKEY
GDP PER CAPITA RELATIVE TO OECD AVERAGE
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DATA APPENDIX




Cross-country growth regression data

GDP/L

n 1960 1988 1990 i Human
- o ‘ ' _capital
- PWT5 (1985 international $) -~

AUSTRALIA 1.71 724  13.35 28.21 6.07
AUSTRIA 0.25 4.64 11.28 27.52 5.90
BELGIUM 0.28 5.44 11.55. 22.97 6.61
CANADA 1.36 7.60 16.32 - 22.89 7.18
SWITZERLAND 0.72 929  16:31° . . . . 3022, . 477
GERMANY 0.35 6.22 12.65 26.89 7.30
DENMARK 0.41 . 6.32 11.88 27.81 6.03
SPAIN 0.89 2.85 7.44 26.22 493
FINLAND 0.39 4,90 12.50 . 3422 5.61
FRANCE 0.72 5.58 12,22 . 2588  7.49
UNITED KINGDO 029  6.40.. 1243 . . . 18.13 6.01
GREECE 067  .193... .585. ... ..2541. 584
- IRELAND 0.84 3.39 6.15 26.45 6.02
ICELAND 1.25 5.32 13.41 25.84 5.84
ITALY 048 453 1177 27.92 6.10
JAPAN 0.95 2.90 12.27 30.95 6.42
LUXEMBOURG 0.58 6.85 13.92 . 26.583 4.72
NETHERLAND 090  589. 11.48 . 23.98 ' 6.51
NORWAY 0.58 5.58 14.75 . 3279 - 697
NEW ZEALAND 1.22 7.32 9.85 | 21.96 6.60
PORTUGAL 0.46 1.67 5.38 _ 23.66 4.90
SWEDEN 0.40 6.75 1307 22.65 6.17
TURKEY 2.42 1.69 3.59 20.99 3.17
. USA 1.1 10.02 18.39 17.16 8.84

‘n=rate'ofg _row"chx)fzpopulationﬁ i= (.I.nyestmemﬂGDP)r:;Averaigﬂs;1;960%:1;988 S




Cross-country growth regressmn data

‘) Rt

GDP/L

n. . 1960 1988 . 1990 = i, Human
o O g o capital
-~ OCDE (1990 international §) - =
AUSTRALIA 1.62 8.33 1612 ~ 1598 2274 7.82
AUSTRIA 0.30 6.44 15.48 16.54 21.98 7.61
BELGIUM 0.29 6.60 1533 . 1631. 1652 ~ 848
CANADA 133 - 825 1919 . 18.99 18.82 9.17
SWITZERLAND 0.80 - 12.04 2009 2096 < 21.05 - 6.24
GERMANY 0.44 839  17.32 18.28 18.68 9.36
DENMARK 0.39 7.82 16.18 16.56 19.21 7.41
SPAIN 0.8t 3.93 10.85 11.73 17.07 6.87
FINLAND 0.40 6.01 15.75 16.52 27.73 7.77
FRANCE 0.73 7.28 16.48 17.30 18.58 9.40
UNITED KINGDO 031  -840. - 1555 . 1587 ' . 1262 ~ 7.71.
GREECE 066 - 2385. ... 725 . .FA40 1641 752
IRELAND 0.71 3.87 923  10.74 17.62 7.79
ICELAND . 1.24 6.20 16.93 16.67 23.34 7.56
ITALY 0.46 5.85 15.26 16.01 18.31 7.92
JAPAN 0.94 3.70 16.12 1763 2472 8.32
LUXEMBOURG 0.64 9.31 1845 = 1993. 2078. . 610 |
“"NETHERLAND = 088 786 .. 1482 = 1591 1844 . 841
NORWAY 056 - 620 1577 1602 °.29.06 - 882
NEW ZEALAND 1.18 9.30 18.75 13.53 1455 8.46
- - PORTUGAL 0.57 2.57 7.65 8.36 18.12 6.20
SWEDEN 10.45 8.33 16.60 16.87 17.94 8.09
TURKEY 2.40 216 4.84 5.11 18.94 4.43
LUSA. . 109 .12388....21.48 . 2187.. .16.69. . 11 26_

...n=rate of growth: T population; i= (mvestmem/amm Averageskﬁtgso.-wsa*




Cross-country growth regressnon data

GDP/L
- n 1960 1988 1990 i Human
e e e T R . Capital

-OCDE (Current international prices at'1990 US §)
AUSTRALIA 1.62 8.56 16.21 15.98 20.48 - 7.82
AUSTRIA 0.30 6.49 14.98 16.71 17.57 7.61
BELGIUM 0.29 7.15 15.02  16.37 1693 8.8
CANADA 1.33 8.97 19.67 - 19.04 18.38 - 9.17
SWITZERLAND 0.80 11.37 . 20.04... 20.98: - 21.70 6.24
GERMANY 0.44 8.24 16.86 1848  18.85 9.36
DENMARK 0.39 8.83 16.36 17.19 18.29 7.41
SPAIN 0.81 4.08 1074  11.70 16.83 6.87
FINLAND 0.40 6.68 15.79 16.63 22.84 7.77
FRANCE 0.73 7.59 16.02 17.31 18.54 9.40
UNITED KINGDO 0.31 . 8.20. . 15,33 16.15° . 1232 . 7.71
GREECE 066 _.276... 730 . 7.52. . 1636 == 7.52
IRELAND 0.71 432 9.50 1092 1605 = 7.79
ICELAND 1.24 5.84 17.55 16.98 22.53 7.56
ITALY 0.46 5.74 15.02 16.04 19.22 7.92
JAPAN 0.94 3.98 15.90 17.46 24.44 8.32
LUXEMBOURG 0.64 9.75 17.81 19.74 21.20 6.10
~ NETHERLAND 088 = 804 1473 16.08 1752 = 8.41
'NORWAY 0.56 7.59 1542 1681 . 21.97 - 8.82
NEW ZEALAND 1.18 9.29 13.54 13.63 15.45 8.46
PORTUGAL 0.57 2.60 7.99 8.57 14.17 6.20
SWEDEN 0.45 8.65 16.73 17.07 16.45 8.09
TURKEY 2.40 219 487 5.47 18.16 4.43
. USA 1.09 .. 1238 .. 2148 .. .21.87 . .1669 . 11 .26

o n=rate- ofigrowth of populatron |—(InvestmenthDP) Averages 1960 1988




	ABSTRACT
	INDEX
	I. INTRODUCTION
	II. EXCHANGE RATES AND THE EPPs
	III. PPPs ESTIMATION METHODS,~
	III.1 Methods for binary comparisons
	III.2 Multilateral comparisons methods
	III.2.1. Estimation of PPPs for detailed categories
	III.2.2. Estimation of the PPP for agregatesz Geary-Khamis and EKS Methods


	IV. INTERNATIONAL AND INTERTEMPORAL COMPARISONS OF PPPs
	IV.l. Unchanged price indices'
	IV.2. Unchanged Purchasing Power Parities
	IV.3. Consistentization between PPPs and price indices

	V.- PPPS ESTIMATES FOITDEayCiO^nfÍRIES: 1960-1990
	V.1 International Comparisons Research: A Brief Historical Survey
	V.2.- Alternatives to PWT5 for OECD Countries
	V.3.- A Sensitivity Analysis of Cross-country Growth Regressions: The Importance of PPPs

	VI. Conclusions
	VI. BIBLIOGRAPHY
	TABLES AND FIGURES
	DATA APPENDIX



