
CHAPTER 5

Absolute and Relative Purchasing Power
Parity

5.1 The Relationship Between Absolute

and Relative Purchasing Power Parity

Republished with permission of MIT Press, from Review of Economics and
Statistics, Vol. 60, No. 4 (November 1978): pp. 562–568; permission
conveyed through Copyright Clearance Center, Inc.

The absolute purchasing power parity (PPP) theory asserts that the
equilibrium exchange rate (number of units of domestic currency per unit
of standard currency) is determined by the ratio of the price level of the
domestic country to the price level of the standard country.1 This ratio is
itself called the absolute PPP. The relative PPP theory states that the ratio
of the equilibrium exchange rate in a current period (t ) to the equilib-
rium exchange rate in a base period (o) is determined by the ratio of the
domestic country’s price index in period t to the standard country’s price
index in period t, where both indexes are measured relative to period o.

Suppose that the absolute PPP theory is fulfilled in both periods t and
o. Then the relative PPP theory may be restated as follows: the ratio of
absolute PPP in period t to absolute PPP in period o is determined by the
ratio of the domestic country’s price index to the standard country’s price
index, where both indexes are measured in period t relative to period
o. The question immediately arises, however, whether the relative PPP
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theory has now become a truism. Is the current/base-period absolute-
PPP ratio identically equal to the domestic/standard-country price-index
ratio? It is the purpose of this article, first, to demonstrate that the restated
relative PPP theory is not a truism and, second, to provide an empirical
test of this interpretation of the PPP hypothesis.

The restatement of the relative PPP theory separates its validity from
that of the absolute PPP theory. Relative PPP becomes concerned only
with the movement from one potential exchange-rate equilibrium to
another. Whether the exchange rate is actually in equilibrium (à la PPP) at
the two end points of the time period becomes the purview of the abso-
lute PPP hypothesis, and is an issue beyond the confines of this paper.
But it must be shown that the restated PPP hypothesis is an operational
theory rather than a truism.

5.1.1 Proof That the Restated PPP Theory Is Not a Truism

Consider the following notation:

P j = absolute purchasing power parity in period j, number of units
of domestic currency per unit of standard currency
Lj = price level of the domestic country in period j
Lj

s = price level of the standard country in period j
I j = price index of the domestic country in period j relative to
period o
I j s = price index of the standard country in period j relative to
period o
pij = price of commodity i in the domestic country in period j
P ij

s = price of commodity i in the standard country in period j
wij = weight of the price of commodity i in the domestic country’s
price level in period j
wij

s = weight of the price of commodity i in the standard country’s
price level in period j

Then wio
(
ws
io

)
is the weight of the price of commodity i in the

domestic (standard) country’s price index for all time periods, in partic-
ular, for periods o and t.
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By definition,

L j ≡
∑

i

wi j pi j j = o, t

L js ≡
∑

i

wi js pi j s j = o, t

Pj ≡ L j/L js j = o, t

It ≡
∑

i
wio pit

∑

i
wio pio

Its ≡
∑

i
wios pits

∑

i
wios pios

The restated PPP theory is a truism if and only if

Pt
Po

≡ It
Its

, (5.1)

i.e., if and only if
∑

i
wit pit/

∑

i
wits pits

∑

i
wio pio/

∑

i
wios pios

≡
∑

i
wio pit/

∑

i
wio pio

∑

i
wios pits/

∑

i
wios pios

or
∑

i
wit pit

∑

i
wits pits

≡
∑

i
wio pit

∑

i
wios pits

or

wit = wio and ws
it = ws

io for all i (5.2)

What is the interpretation of (5.2)? It states that, for both the domestic
and standard country, the weights of the component prices in the price
level of the country are the same in the current as in the base period. For
the country’s price index, of course, the weighting pattern in the current
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period is, by definition, equal to that in the base period. But, for the price
level, equal weighting patterns in the two periods would exist only in a
very special case.

Since under the PPP theory a country’s price level covers its entire
output of commodities, the weights of the price level reflect the produc-
tion pattern of the country. Assume the absence of money illusion, so
that a mere change in units of measurement makes no difference to real
economic behavior. Then the only situation in which production would
be distributed among all commodities in an unvarying proportion in two
time periods would be the absence of any changes in relative prices in the
economy. Therefore (5.2) holds if and only if, for both the domestic and
standard country, all individual prices in the country in period t are a
constant multiple of the prices in period o, i.e.,

pit = c · pio and psit = cs · psio for all i (5.3)

where c and cs are positive constants.
What has been demonstrated? Assuming the absence of money illu-

sion, identity (5.1) is fulfilled if and only if Eqs. (5.3) hold, i.e., there
is pure inflation or deflation in both the domestic and standard country.
Furthermore, for (5.1) to hold, the only permissible real change in the
economies is an equiproportional increase or decrease in the production
of every commodity.

The condition for the restated PPP theory to be a truism is strin-
gent indeed. In practice, prices of individual commodities do not move
uniformly with the general price level and therefore the relative produc-
tion of individual commodities (weights of the individual prices in the
price level) also change. So Eq. (5.1) in its identity form cannot be
expected to be fulfilled in the real world.

5.1.2 Alternative Price-Level Concepts of PPP

Let P ≡ Pt/Po and D ≡ It/I st . It has been shown that the restated
relative PPP theory is not an identity, that is, P is not identically equal to
D. Therefore the theory may legitimately be tested empirically, and it has
the general form P = h(D), where h is an increasing function.

Two separate data sets are used to generate samples of observations
on P and D.2 The first data set involves a gross domestic product
(GDP) price-level concept for the absolute-PPP computation (P ) and,
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correspondingly, the GDP deflator as the price measure for constructing
variable D. The United States is the standard country. The second data set
employs a cost-of-living (COL) concept of PPP and the consumer price
index as the price measure, with Germany as the standard country.

There are several reasons why the GDP-concept samples are deemed
superior to the COL-concept samples for the purpose of testing the PPP
theory. An empirical reason is that the United States, as the dominant
country in the world economy, can be construed as the optimal standard
country for any broad group of domestic countries. There also exist two
theoretical arguments in favor of the GDP-concept data set, one on the
consumption side, the other on the production side of the economy. To
the extent that the PPP theory is justified by the existence of arbitrage
and substitutability of commodities in consumption (broadly construed),
the price concept underlying PPP should be as comprehensive as possible.
Therefore a GDP measure, encompassing all output of the economy, is
preferred to a COL measure, which restricts pricing to those commodities
purchased by households. On the production side, it can be argued that a
unit-factor-cost concept is the most appropriate methodology for absolute
PPP (Houthakker 1962, pp. 293–294). Now, under certain assumptions,
a unit-factor-cost concept of PPP is equivalent to a PPP based on price
levels that are production-weighted averages of commodity prices in each
country, implying a GDP price-level measure for PPP (Houthakker 1962,
p. 296; Officer 1974, pp. 871–872; 1976, pp. 11–12). However, for
equivalence with a COL concept of PPP, i.e., with the use of household
consumption weights in the construction of price levels, additional—and
more stringent—assumptions are required (Officer 1976, pp. 12–13).

On the other hand, the theoretical argument in Sect. 5.1.1 implies that
the appropriate price index for the construction of variable D is base-
weighted rather than current-weighted. Yet the only available GDP price
index is the current-weighted deflator. In contrast, the consumer price
index, used in association with the COL-concept PPP, is base-weighted,
although there may be changes in the weighting pattern at discrete points
in time.

While, on balance, the GDP concept may be construed as the preferred
foundation for PPP computation, data availability limits the size of the
samples that can be generated on this basis. Observations on P and D are
collected for 8 countries in the 1950–1955 period (that is, with 1950
as the base year and 1955 as the current period), 4 countries in the
1967–1970 period, and 4 in the 1950–1970 period. Thus there are three



90 L. H. OFFICER

distinct samples, and the countries composing each sample are listed in
the first column of Table 5.1.

Use of the COL concept enables the assembling of a much larger data
set. Unfortunately, there is no uniformity in base and current periods.
So samples are delineated on the basis of the duration between base and
current period: (i) less than 10 years, a 15-observation sample, (ii) 10 to
19 years, 9 observations, and (iii) 20 years or more, 6 observations. For
each sample, the observations are identified by country, base period, and
current period in the first column of Table 5.2.

Table 5.1 Errors of strong PPP and naive models: GDP concept

Country Percentage error

P−D
P

P−1
P

1950–1955 period
Belgium 3.16 0.73
Denmark −1.15 5.76
France 3.57 21.43
Germany −6.35 −2.68
Italy −3.32 3.54
Netherlands 0 7.54
Norway −2.67 13.19
United Kingdom −2.52 8.63
Average of Absolute Values 2.84 7.94

1967–1970 period
Hungary −3.68 −7.36
Japan 2.03 3.66
Kenya −1.10 −7.97
United Kingdom −2.01 1.01
Average of Absolute Values 2.21 5.00

1950–1970 period
Francea −0.44 41.46
Germanya −7.52 3.76
Italya −16.20 5.83
United Kingdoma −14.77 14.77
Average of Absolute Values 9.73 16.46

aObservation excluded from maximum-size sample
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Table 5.2 Errors of strong PPP and naive models: COL concept

Country Percentage error

P−D
P

P−1
P

Computational period: less than 10 years
Austria (1954–1960) 1.35 2.13
Austria (1960–1968) 9.01 15.55
France (1952–1958) 7.17 16.33
Israel (1957–1961) 25.38 32.34
Israel (1961–1969) 4.23 22.87
Italy (1967–1972) −9.17 −7.35
Netherlands (1953–1960) −11.79 −2.97
Netherlands (1960–1967) 4.93 10.98
New Zealand (1956–1965) 7.04 10.55
Norway (1954–1960) 0.31 4.11
Sweden (1952–1959) −16.52 −2.67
Switzerland (1952–1957) 5.00 4.82
Switzerland (1957–1964) −7.70 −7.55
United Kingdom (1953–1961) 9.30 15.02
Soviet Union (1954–1958) −15.29 −22.73
Average of Absolute Values 8.95 11.86

Computational period: 10 to 19 years
Austria (1954–1968)a 10.24 17.36
Denmark (1958–1975) 12.51 44.97
France (1958–1972) 7.83 26.10
Israel (1957–1969)a 28.54 47.81
Italy (1952–1967) −5.36 12.02
Netherlands (1953–1967)a −6.28 8.33
Norway (1960–1974) 8.02 27.36
Switzerland (1964–1974/75) −8.14 4.12
United Kingdom (1961–1975) 12.57 43.71
Average of Absolute Values 11.05 25.75

Computational period: 20 years or more
France (1952–1972)a 14.44 38.17
Italy (1952–1972)a −15.02 5.55
Norway (1954–1974)a 8.31 30.35
Switzerland (1952–1974/75)a −10.63 1.85
United Kingdom (1953–1975)a 20.70 52.17
United States (1953–1973) −2.31 −5.47
Average of Absolute Values 11.90 22.26

aObservation excluded from maximum-size sample
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5.1.3 Empirical Analysis of the Strong PPP and Naive Models

The “strong PPP model” is obtained by the inclusion of an error term in
Eq. (5.1):

P = D + ∈1 (5.4)

In general, an error term is denoted by a subscripted ∈. The strong
PPP model is tested against a corresponding naive model, called the
“strong naive model”:

P = 1+ ∈2 (5.5)

The strong naive model, in effect, predicts Pt , the absolute PPP in
period t, by Po, the base-period PPP. Price indexes in the domestic and
standard countries are assigned no role in predicting absolute PPP in the
current period relative to the base period.

A comparison of the performance of the strong PPP and strong naive
models can be made by calculating their percentage errors in ex post
prediction. These errors are P − D/P and P − 1/P, respectively. They
are shown in Tables 5.1 and 5.2 for the samples based on the GDP and
COL concepts, respectively. A positive error implies an underestimate of
P, while a negative error implies an overestimate. Then under the GDP
concept, the PPP model has a tendency to overestimation, while the naive
model has the opposite tendency. With a total of 16 observations over the
three samples, the PPP model overpredicts P in 12 cases, with the naive
model overpredicting in only 3 cases. The implication is that the rela-
tive price level between a domestic and a standard country in a current
compared to a base period, tends to be less than that indicated by the
corresponding ratio of price indexes between the countries. The relative
PPP hypothesis tends to predict too great a change in absolute PPP on
the basis of changes in price indexes.

This result does not carry over to the COL-concept samples. Except
for the 20-years-or-more computational period, the PPP model under-
estimates P at double the rate that it overestimates it, while the naive
model tends to underpredict P in all samples, and with greater overall
frequency. There is no apparent reason for the expected direction of the
forecast error to vary with the price-level concept of PPP.

In any event, the direction of a prediction error is less relevant than
the amount of the error, especially for comparison with a naive model.
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Consider the GDP-concept samples first. In terms of absolute percentage
errors, the PPP model is superior to the naive model (i.e., has a lower
percentage error) for 10 of the 16 observations over all samples, it is
inferior to the naive model for 5 observations, and there is an equal
percentage error for 1 observation. For both shorter time periods (1950–
1955 and 1967–1970), the PPP model is superior by a three-to-one
margin, under this ordinal criterion. Only for the longer time period
(1950–1970) does the naive model outperform the PPP model (by a
two-to-one margin, with one tie).

The ordinal superiority of the PPP model is stronger for the COL
concept. Over all samples, the PPP model has a lower absolute percentage
error than the alternative model in 22 of 30 observations. The PPP model
is superior in 8 of 9 observations for the 10-to-19-years sample, and by a
two-to-one margin in the other samples.

A cardinal measure of performance of the models is the average of the
absolute values of the percentage errors. For each sample, this average
is shown in Tables 5.1 and 5.2. Now the PPP model is superior to the
naive model in all samples for both data sets. Especially noticeable in the
GDP-concept samples are the low average percentage errors of the PPP
model for the shorter time periods, with the average between 2 and 3%.
This result is particularly impressive when coupled with the fact that the
highest absolute error is below 7% (and the second highest below 4%) for
the 1950–1955 period, and below 4% for the 1967–1970 period.

In contrast, an average absolute error of about 9 3/4% marks a less
prominent performance of the PPP model for the 1950–1970 period,
even though this result is superior to that of the naive model, which has
an average error of nearly 16 1/2%. The inferior result for the 1950–
1970 period is not unexpected, because with a longer time period there
is greater scope for changes in the price-quantity structure underlying a
country’s price level, thus reducing the applicability of the PPP model.

Turning to the COL-concept samples, the average absolute error of
the PPP model is approximately 9%, 11%, and 12%, respectively, for the
three samples in order of duration of the computational period. This
performance is superficially inferior to that of the PPP model for the
GDP-concept samples. However, the longer duration of the computa-
tional periods under the COL data set must be considered. The average
computational periods for the COL samples are 6.5, 13.8, and 20.7 years,
while the computational periods for the GDP-concept samples are 3, 5,
and 20 years. Interestingly enough, for the COL data set, the superiority
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of the PPP over the naive model increases greatly when the computational
period exceeds 10 years.

5.1.4 Empirical Analysis of the Weak PPP and Naive Models

An alternative PPP model, the “weak PPP model,” involves a general
linear relationship between P and D:

P = α + βD + ∈3 (5.6)

where α and β are parameters, with β positive. The corresponding naive
model, designated as the “weak naive model,” again ignores any infor-
mation on relative price indexes in predicting the ratio of absolute PPP
in the current period to absolute PPP in the base period. Therefore only
the constant and the error term remain in Eq. (5.6). Thus, letting γ be a
parameter, the weak naive model is as follows:

P = γ+ ∈4 (5.7)

The weak PPP model allows for a general linear relationship between
P and D, with an error term. In contrast, the weak naive model specifies
that P is equal to a constant (not necessarily unity) plus an error term.
The implication of the naive model is that D can contribute nothing
to the explanation of P. A significant correlation coefficient between P
and D would indicate a linear association between the two variables and
consequently forestall rejection of the weak PPP model.

The correlation coefficient (r) and coefficient of determination (r2)
between P and D for the six samples heretofore discussed are exhib-
ited in Table 5.3. Because a negative correlation between P and D
can be eliminated on theoretical grounds (according to the weak PPP
model), a one-tail test of r is appropriate. Considering first the GDP-
concept samples, the correlation coefficient for 1950–1955 is significantly
different from zero at the 1% level. With only two degrees of freedom, the
test of r for the 1967–1970 and 1950–1970 periods must be viewed with
some skepticism. For neither of these samples is r significant at the 1%
level; and while r is significant at the 5% level for the 1950–1970 sample,
this result is largely due to an extreme observation, that for France.3
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Table 5.3 Correlation
of P with D Sample Number of

observations
Correlation
coefficient

Coefficient of
determination

GDP concept
1950–1955 8 0.93 0.86
1967–1970 4 0.92 0.84
1950–1970 4 0.98 0.96
Maximum-size 12 0.95 0.90

COL concept
Less than
10 years

15 0.64 0.41

10 to 19 years 9 0.88 0.77
20 years or
more

6 0.96 0.93

Maximum-size 22 0.90 0.81

Results are much better for the COL-concept samples. The correlation
coefficient is uniformly significant at the 1% level. Indeed, even for a two-
tail test, r continues to be significant at this level for the two longer-period
samples and is significant at the 5% level for the less-than-ten-years sample.

With the objective of achieving more powerful tests of r than that
provided by the individual samples, for each data set observations are
pooled over these samples. While within the individual samples all obser-
vations are independent, this is not so between samples. Care must be
taken to exclude observations that are dependent on other observations
in the data set. The objective is to achieve a maximum-size sample of
independent observations for each data set. For the GDP-concept data,
this criterion involves excluding the 1950–1970 observations, resulting in
a maximum-size sample of 12 observations. For the COL-concept data,
8 observations must be dropped from the longer computational periods,
yielding a sample of 22 observations. Excluded observations are identified
by superscript a in Tables 5.1 and 5.2.

The correlation coefficient and coefficient of determination for the
maximum-size samples are presented in Table 5.3. For both samples, the
correlation coefficient is significantly different from zero at the 1% level,
even under a two-tail test—a result distinctly favorable for the weak PPP
model.
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The weak PPP and naive models have been tested against one another
using correlation analysis; they may also be tested by means of regres-
sion analysis. The weak PPP model is formulated as Eq. (5.6), which can
be viewed as a regression model the parameters of which, α and β, can
be estimated by ordinary least-squares. The maximum-size samples from
the GDP-concept and COL-concept data sets provide sample sizes (n)
of 12 and 22 observations, respectively, to which Eq. (5.6) is fitted. The
resulting regression lines are as follows:

P = −.0666 + 1.0525D

(.1188) (.1118)
(5.8)

P = −.4066 + 1.3948D

(.1699) (.1487)
(5.9)

The GDP-concept data yield Eq. (5.8) and the COL-concept data
produce Eq. (5.9). Numbers in parentheses are standard errors of the
estimated coefficients. The standard error of estimate (s) is 0.0322 in
Eq. (5.8) and 0.1145 in Eq. (5.9), while the corrected coefficient of
determination is 0.89 in (5.8) and 0.81 in (5.9).

The weak naive model is represented by Eq. (5.7), which may be
viewed as the following regression model:

P = γ [1]+ ∈4 (5.10)

where [1] is a variable identically equal to unity. Equation (5.10) is a
degenerate regression equation, the parameter of which, γ , may be esti-
mated by ordinary least-squares. The resulting estimate of γ is the mean
of the dependent variable (P).

Letting α̂, β̂, and “hatted” γ denote their estimates, parameter esti-
mation of the weak PPP and naive models may be summarized as
follows:

GDP-concept sample:

α̂ = −.0666; β̂ = 1.0525; γ̂ = P = 1.0488

COL-concept sample:

α̂ = −.4066; β̂ = 1.3948; γ̂ = P = 1.1709
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Table 5.4 Summary of models

Model Value of α Value of β F-Statistic

GDP concept COL concept

Weak-PPP α̂ β̂ – –
Weak-Naive P 0 44.24 44.03
Strong-PPP 0 1 0.81 4.86
Strong-Naive 1 0 58.07 68.51

Equation (5.6) may be used to exposit all four models that have been
investigated empirically. Each of these models may be identified by the
value it assigns to the parameters of Eq. (5.6), as shown in the second and
third columns of Table 5.4. For the weak PPP and naive models, where
the parameters lack preassigned numerical values, the estimates derived
above are used.

The estimated regression Eqs. (5.8) and (5.9), which pertain to the
weak PPP model, may be used for statistical testing of the remaining
three models. As thus far only the weak PPP model has been subjected to
testing with a level of significance (the correlation analysis), it is appro-
priate to use the estimated versions of this model for econometric testing
of the other models.

The weak naive, strong PPP, and strong naive models each involve a
joint hypothesis on α and β, the parameters of the weak PPP model. The
respective hypotheses are indicated in the second and third columns of
Table 5.4. For joint testing of α and β, the test statistic

F =
n
(
α̂ − α

)2 + 2nD
(
α̂ − α

)(
β̂ − β

)
+ ∑

D2
(
β̂ − β

)2

2s2

has the F-distribution with (2, n − 2) degrees of freedom (John-
ston 1972, pp. 28–29). The values of F computed for the (α, β)
hypotheses implied by the weak naive, strong PPP, and strong naive
models, respectively, are listed in the fourth and fifth columns of Table
5.4.

Results are most striking for the GDP-concept sample. With (2, 10)
degrees of freedom, the critical value for the F-distribution at the 0.05%
level of significance is 17.9. Both naive models are rejected at this
extremely low level of significance. In contrast, the F value for the strong
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PPP model is such that this model cannot be rejected even at the 40%
level of significance.4 Thus, using the F-test as the criterion, the strong
PPP model strongly out-performs both naive models.

For the COL-concept sample, the F-distribution has (2, 20) degrees of
freedom; its critical value at the 0.05% level of significance is 11.4. Again
the naive models are rejected at this very low level of significance. Indeed,
the F-statistics for these models are even further in the tail of the distri-
bution than under the GDP-concept sample. A statement similar in kind
applies to the F-statistic of the strong PPP model. With F-distribution
critical values of 3.49 and 5.85 at the 5% and 1% levels, respectively, the
strong PPP model itself is rejected at the 5% level of significance, though
it cannot be rejected at the 1% level. So the strong PPP model survives
the F-test more easily under the GDP-concept sample than under the
COL-concept sample.

In summary, empirical investigation supports the relative PPP hypoth-
esis in both strong and weak versions. The findings are especially favorable
to the relative PPP theory in light of the facts that (i) no secondary vari-
ables were used to increase the explanatory power of the PPP model, (ii)
complicated functional forms and lagged relationships were not adopted
in an effort to increase explanatory power, and (iii) several countries
outside the Western industrial mode were included in the samples.

Appendix: The Data

Absolute PPP

The absolute PPP measure is computed as the geometric mean of the
PPPs calculated alternatively using the weighting pattern of the domestic
country and that of the standard country. If the weights of only one of
the countries are used for the PPP computation, then the calculated PPP
will be biased in the direction of an overvalued PPP for that country
(Houthakker 1962, p. 297; Officer 1976, pp. 15–16). Therefore no use
is made of PPP measures for which only one of the weighting patterns is
available.

Two data sources are used to obtain absolute-PPP measures under the
GDP concept: Gilbert and associates (1958), who provide PPP data for
the years 1950 and 1955, and Kravis et al. (1975), who offer such data
for 1967 and 1970. The former authors use a GNP rather than GDP
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price-level concept. Because the PPP theory concerns prices and produc-
tion within the boundaries of respective countries, GDP is the preferred
concept, as it covers domestic rather than national production. In prac-
tice, PPP computations on a GNP basis differ minimally from those on a
GDP basis.

The PPP data published by the German Statistical Office (Statistisches
Bundesamt) are the source of the COL-concept measures.

GDP Deflator

The data source is OECD national-accounts publications for all countries
except Hungary and Kenya, and United Nations (1973) for the latter two
countries. For Hungary, GDP data are not available and a less-inclusive
concept of domestic production, “net material product,” must be
used.

Consumer Price Index

For all countries except the Soviet Union, the data source is International
Monetary Fund (1977). For the Soviet Union, use is made of the “state
retail price index,” published in International Labour Office (1962).

Notes

1. The term “standard” is used in preference to “foreign” currency or country,
because this country may serve as the standard of comparison for a group
of “domestic” countries.

2. Details on data are provided in the appendix.
3. See Table 5.1. With the value of P extremely close to that of D, coupled

with by far the highest values of both these variables in the 1950–1970
sample, the observation for France is dominant in the correlation.

4. Critical values for the F-distribution at the 40% level of significance are not
published in an accessible source. However, the critical value at this level
for the F-distribution with (2, ∞) degrees of freedom is readily obtained as
0.916; for this degrees-of-freedom configuration reduces the F-distribution
to a chi-square distribution with 2 degrees of freedom. The corresponding
critical value for the F-distribution with (2, 10) degrees of freedom is
necessarily greater than 0.916.
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