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Dominant real exchange rate movements 

KEES KOEDIJK AND PETER SCHOTMAS* 

Erasmus University, 3000 DR Rotterdam, A’etherlands 

Principal component analysis is used to investigate two types of questions 
about the behavior of real exchange rates. First, what group of currencies 
display the same empirical regularities? Can we attribute dominant 
movements in real exchange rates to a specific country (e.g., the United 
States) or a group of countries? Second, does the prevailing nominal 
exchange rate regime affect the long-run properties of real exchange 
rates? In the empirical analysis we use real exchange rates between 15 
industrial countries for the sample period 1957 to 1986. The standard 
principal component analysis is modified such that results are 
independent of the numeraire currency. 

As a brief summary of the empirical exchange rate literature one could state that the 
behavior of nominal as well as real exchange rates is close to a random walk, and 

that exchange rate changes seem unrelated to anv other observable 
macro-economic variable. A more comforting empirical fact is that movements of 
real exchange rates for different currencies seem to share common sources of 
variation. For instance, one of the stylized facts during the floating rate period is 
that time series of real exchange rates against the US dollar are highly correlated. 
Uncovering what groups of currencies display the same empirical regularities, may 
provide information about the type of economic variables to look for in order to 
improve existing models of exchange rate determination. If univariate time series 
are not informative enough (perhaps because the sample period of 15 years of 
floating exchange rate is too short), it seems worthwhile to examine several 
exchange rate time series jointly. Pooling several short series might be a substitute 
for a single long series. 

In this paper we use principal components analysis to answer two types of 
questions. First, can we attribute dominant movements in real exchange rates to a 
specitic country or a group ofcountries? The answer to this question may shed light 
on the conjecture of Lothian (1987) that most of the movements in the real 
exchange rate originate from the United States. It also has implications for the 
discussion on the validity of long-run purchasing power parity (PPP). Between 
which currencies can we expect persistent deviations from PPP, and in which cases 
can we expect them to be less severe? The second type of question relates to the 

* We would like to thank Eduard Bomhoff, Teun Mock. Clemens Kool, Casper de Vries, 

participants at the conference on International Economic Policy (Aix-en-Provence, June 1988). two 

anonymous referees and the editor of this Journal for helpful comments. Remaining errors are of 
course our own. Peter Schotman acknowledges financial support from WY0 in the Netherlands. 

0261-5606/89/04/0517-15503.00 0 1989 Butterworth & Co (Publishers) Ltd 
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main differences and similarities between different (sub-)periods. Did the transition 
from a fixed to a floating exchange rate regime affect the dominant relations 
between exchange rates? Did the change in US monetary policy in 1979 affect these 
relations? 

When these and related issues are discussed in the literature one almost always 
focuses on the United States. Exchange rates are usually in units of the US dollar, 
and only little attention is paid to non-dollar exchange rates. In this paper, we will 
treat all countries symmetrically. To this end we modify the standard principal 
components analysis such that the set of principal components is unique and 
invariant to the (arbitrary) choice of the numeraire currency. 

The paper is organized as follows. In Section I, we derive the numeraire free 
principal components transformation. In Section II, we apply this technique to real 
exchange rates between 15 countries for three different periods. In Section III, we 
discuss the relationships between the principal components analysis and 
co-integration tests of long-run PPP, and suggest some explanations for the results 
of the principal components analysis. Section IV contains our conclusions. 

I. Numeraire free principal components 

The scale dependence problem has prevented principal component analysis from 
getting popular. Multiplying some variable by a non-zero scalar induces a 
non-trivial change in the component structure. If one variable is scaled such that it 
has a considerably larger variance than the others, it will generally dominate the 
first principal component. For this reason, principal components are most often 
constructed from normalized variables, dividing all observations by their sample 
standard deviation. The only data input to the principal component analysis is the 
sample correlation matrix in that case. 

In the analysis of exchange rates, there is a second problem. The arbitrary choice 
of a numeraire currency affects the component structure. The correlation matrix of 
exchange rates vis-&is the dollar produces a different set of principal components 
than the correlation matrix of DMark exchange rates, although they contain exactly 
the same amount of information. 

We will modify the principal component analysis to overcome both problems. 
The scale dependence disappears when one requires that the set of principal 
components is invariant with respect to the choice of numeraire currency. The 
cross-sectional relations between exchange rates provide useful prior information 
to obtain a unique scaling of the exchange rate data. 

Consider an (n x 1) multivariate time series {x,}T,, of logarithms of exchange 
rates expressed in a common numeraire currency. Observations on {xI} are stored 
in the (T x n) data matrix X. The (T x n) matrix Z of principal components is a 
transformation of the data matrix X, such that: 

(i) Z=XQB, with Q positive definite symmetric and B non-singular; 
(ii) Z’Z = A, with A a diagonal matrix with elements 1, >A2 2. . . >i,, 20; 
(iii) B’QB = I, a normalization. 

Condition (i) expresses that the transformation X -+ Z is linear. Q is a (n x n) scaling 
matrix and B is a (n x n) matrix containing the so-called factor loadings. The second 
condition requires that the components are orthogonal. A is a (n x n) diagonal 
matrix. The elements of A are in descending order of magnitude and determine the 
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variance of the principal components. The first principal component (the first 

column of Z) has the largest variance. Condition (iii) is a normalization to set the 

scale of Z. 
Usually the matrix Q is diagonal with elements qri= l/s,;, where sjj is the sample 

variance of {x,,}. The transformation from X to Z is unique once Q has been 
specified, i.e., there exists only one matrix B satisfying conditions (i), (ii), and (iii),’ 
(see Learner, 1978, Appendix A, theorem 35). The principal components are 
computed by solving the eigenvalue problem 

(1) (Q”‘~‘~Q’~*)(‘Q’~*~) = @“‘@I\, 

where Q’/*Q’/* =Q. Eq uation (1) shows how the components depend on the 
choice of the scaling matrix Q ‘1’ 0 is not determined in the principal component . _ 
analysis, but must be specified a priori by the user. We will choose Q such that the 
components Z are invariant to a change in the numeraire currency. To find a 
suitable matrixQ we first look at the effect of a change in the numeraire. Let x~, be 
the logarithm of the (real) exchange rate of currency j against the numeraire 
currency A. Letting currency i be the numeraire instead of currency k: amounts to 
the linear transformation? 

(2) xi, = xk]-x,&, forj # k 

X,k = -xkj. 

The transformation can be written compactly in matrix notation as 

(3) x’ = PXO, 

where P is the (n x n) matrix 

(4) 

in which 1 is a vector of ones (here of length n- 1),3 I is the identity matrix, x0 is a 
(n x 1) vector of exchange rates in the original numeraire currency, and x’ is the 
vector of exchange rates in the new numeraire currency (in this case currency 1). 
For notational convenience, we have re-arranged the order of exchange rates such 
that currency 1 became the new numeraire. Transformation to another numeraire 
currency, say currency k:, entails a permutation of the rows and columns of P. An 
important property of P is that it is unipotent, meaning that P’ = I. Applying the 
same transformation twice yields the original exchange rates. 

Let X, and X, be the (T x n) matrices of observations on log exchange rates 
expressed in currency i and k, respectively. A change of the numeraire implies that 
the data matrix Xi is postmultiplied by P’ (after the necessary permutation of 
columns and rows in P, or of the columns in X, and X,). The principal components 
(Z) are invariant to this change of numeraire if 

(5) X;QB, = Z = X&B,. 

Using the data transformation matrix P in (4) and the fact that P is unipotent we 
can write: 

e-9 XjJB, = X,(P’QP)PB;. 

Hence, comparing (5) and (6) the principal components are invariant to the 
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change in the numeraire if we can constructQ such thatQ= P’QP, and if the factor 
loadings are related by B,= PB,. Moreover, these conditions must hold for all 
possible numeraire currencies, i.e., all permutations of the transformation matrix P. 
Partitioning Q-’ and expanding the condition Q= P’QP yields: 

4 
'1 

= 
q”t’_q’2 

q”z _q2’ 
> 

q’lll’_q21f- lq’2 +Q22 ’ 

where q” is a scalar, q”’ and q2’ are (n - 1) vectors,Q22 is a ((n- 1) x (n - 1)) matrix. 
From equation (7) we obtain the restrictions 

All non-diagonal elements in the first row and column ofQ-’ must be equal and 
half the diagonal element. Since this must also hold if columns and rows 1 andj 

n) are interchanged, the restrictions in (8) must hold for all columns 
!y ?&s:’ Hence the matrix Q -’ has the structure: 

(9) Q-' = &I,+ z,z:), 

where 8 is an arbitrary scalar.4 Using the matrix inversion lemma this implies that 

for c(= (1 -(n+ l)-‘i2)/n.s It remains to be verified that B,= PB, relates the new 
factor loadings to the old factor loadings. To prove this we need condition (ii) in the 
definition of the principal components. The factor loadings are uniquely 
determined by the requirement that the principal components are orthogonal with 
decreasing variances that appear on the diagonal of A: 

(11) A; = B;QX;X;QB; = (B;P’)(P’QP)(PX;X,P’)(P’QP)(PB;) 

= (B;P’Q”2)(Q1~2X~XkQ”2)@‘~2PB;). 

But B, and AL are also uniquely determined in 

(12) AL = B;QX;XkQBk = (B;Q”2)@“2X;XkQ’/2)@“2Bk). 

Conditions (11) and (12) define the same eigenvalue problem, since (Q’:‘PB;) and 
Q’i2B, are both required to be orthogonal matrices in condition (iii) of the 
definition of the principal components. Therefore B, = PB,, and Ak=Aj. This 
completes the proof that there exists a unique set of numeraire free principal 
components. 

If all n components are extracted from the original series, the transformation is 
non-singular and no information in the data is lost. The amount of variation in the 
data explained by the first K components is expressed by the goodness-of-fit 
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statistic (see Anderson, 1984): 

(13) R’(K) = 
total variance of first K components 

total variance of transformed data 

where II, >A, >* a. >A, are the eigenvalues of @‘/2X’XQ’/2), and Z(K) is the 
(T x K) matrix of the first K principal components of the transformed data XQ”‘. 

For the interpretation of the components, our interest is in the correlation 
between component i and a time series of real exchange rate x~. Since the principal 
components are orthogonal, the total amount of variation in xi/ explained by the 
first K components is the sum of the squared correlations: 

where r;(l) is the squared correlation between x,, and component /. If a number of 
currencies are highly correlated with some principal component, we identify this 
component with that group of currencies. For interpretation we will compare 
individual correlations r;(1) with the overall fit measured by ,$/~~=, Ai. 

The principal component analysiswill be largely descriptive. Formal hypothesis 
testing is difficult since the time series of real exchange rates display a high degree of 
serial correlation. This lack of independent drawings renders simple X2-tests for 
significance of correlations inapplicable. The high serial correlation introduces the 
danger of spurious correlations; sample correlations might be high even though 
series are independent. Statistical inference will be discussed in more detail in 
Section III. 

II. Partitioning real exchange rates 

The following 15 countries were selected for the principal component analysis: 
Australia (AU), Belgium (BE), Canada (CA), Denmark (DK), France (FR), Greece 
(GR), Italy (IT), Japan (JP), Netherlands (NL), Norway (NW), Sweden (SW), 
Switzerland (CH), United Kingdom (UK), United States (US), and Germany 
(WG). For all countries nominal exchange rates and consumer price indices were 
taken from the IFS databank (series ae and 64) over the sample period 57: I to 86: IV 
(quarterly data). All variables are transformed to logarithms. Real exchange rates 
against the US dollar were constructed as x = e-p +puJ, where e is the log nominal 
exchange rate,p is the log of the consumer price index andp” denotes the log of the 
US consumer price index. 

Since our main concern is to find empirical regularities in the behavior of real 
exchange rates during the floating exchange rate period, we apply the principal 
component analysis to this era. We will then investigate how the results depend on 
the choice of sample period. Specifically, we will consider two possible structural 
breaks: the transition from fixed to floating exchange rates in 1973, and the change 
in US monetary policy together with the establishment of the European Monetary 
System (EMS) in 1979. 
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II. A. Floating rate period, 1973-86 

Consider first the sample 73: I to 86: IV, which covers the floating exchange rate 
period. A summary of the results of the principal component analysis is reported in 
Table 1. The first part of the table gives some overall statistics of the principal 
components: the variance of the individual components and the goodness of fit. It 
takes five components to explain more than 95 per cent of the total variance. The 
interpretation of the principal components relies on the correlation between real 
exchange rates and the first few components. Parts A to D in Table 1 report the 
squared correlations between the first four components and the real exchange rates 
expressed in a selected number of numeraire currencies. The first component is 
highly correlated with the real exchange rate of most European currencies (except 
the United Kingdom and to a lesser extent Switzerland) versus the US dollar. The 
factor loadings (not shown in the table)‘ of the European/US dollar exchange rates 
are nearly identical, which reinforces the impression that the movements of these 
real exchange rates are a United States phenomenon, consistent with the result of 
Lothian (1987). The second component identifies the dollar/yen rate (and the 
second large part of the Swiss real exchange rate). The third component explains the 
largest part of the British pound/US dollar variance. 

Part B of Table 1 gives the squared correlations for real exchange rates against 
the DMark. Letting the German DMark act as the numeraire confirms this 
interpretation. The first component explains the US dollar/DMark exchange rate 
and the Canadian dollar/DMark rate. The third component is again identified as the 
United Kingdom. Many of the real exchange rates of European currencies against 
the DMark are not explained by the first few components, as the cumulative fit of 
the first three components is less than the average of 0.87. From this we infer that 
these currencies belong to the same group. The identification of the third 
component as a United Kingdom phenomenon is further suggested by the 
goodness of fit expressed against the British pound, shown in Part C of Table 1. The 
correlations in the third row of this block are all higher than the average of 0.10 for 
the third component. A tentative conclusion would be that the movements of real 
exchange rates are dominated by three major components and that the 15 countries 
can roughly be divided in four groups: 

1. United States, Canada. 
2. Japan (and maybe Switzerland). 
3. United Kingdom, Australia. 
4. West Germany, Belgium, France, Netherlands, Norway, Sweden, Denmark, 

Greece (and maybe Switzerland and Italy). 

Figure 1 shows the first three principal components. The first thing to note in 
this figure is the large continuous upward swing in the first component between 
79:IV and 85: II, which we have just identified as the real exchange rate of the dollar 
against the European countries. The significant break after 1979 has also been 
noted by Lothian (1987). 

II.B. Fixed rate period, 1957-72 

To compare the results from the floating rate period with the fixed rate period, we 
computed the principal components for the same currencies over the 1957-72 
period. This period can be broadly divided into two subperiods. During the first 
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TABLE 1. Principal components of real exchange rates, 73:1-86:IV. 
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Overall fit of first components (partial and cumulated) 

Component 1 2 3 4 Cumulated 1-4 

Variance 0.0618 0.0333 0.0126 0.0058 
Fit 0.50 0.27 0.10 0.05 0.92 

Percentage of total variance of a (log) real exchange rate explained by first four components. 
Entries show 100 times the squared correlation of component i with each of the exchange 
rates, and the cumulated fit of the first four components (l-4). 

A. US dollar is numeraire 

AU BE CA DK FR GR IT JA NL NW SW CH UK US WG 

1 53 98 29 97 95 86 79 19 96 94 94 71 36 - 97 
2 24 1 54 2 1 2 2 65 2 0 1 19 13 - 0 
3 3 0 9 0 13 13 0 0 1 0 49 - 0 
4 9000038311050-0 
l-4 91 99 92 99 97 94 90 92 99 95 96 95 98 - 97 

B. German D&Lark is numeraire 

AU BE CA DK FR GR IT JA NL NW SW CH UK US WG 

1 47 39 80 6 9 24 66 52 0 67 0 28 46 97 - 
2 32 10 14 39 9 10 5 41 33 0 12 46 10 0 - 
3 5 0 2 1 24 21 2 1 1 1 8 1 41 0 - 
4 10 6 0 2 5 14 18 1 22 3 1 10 0 0 - 
l-4 94 55 96 48 47 69 91 95 56 71 21 85 97 97 - 

C. British pound is numeraire 

AU BE CA DK FR GR IT JA NL NW SW CH UK US WG 

1 2 64 5 45 51 30 8 2 50 14 46 19 - 36 46 
2 65 3 43 3 7 31 7 20 4 18 21 3 - 13 10 
3 13 32 41 51 36 27 58 73 44 63 27 63 - 49 43 
4 5 0 0 0 2 2 16 1 1 1 1 5 - 0. 8 
l-4 95 99 99 99 96 90 89 96 99 96 95 90 - 98 97 

D. Japanese yen is numeraire 

AU BE CA DK FR GR IT JA NL NW SW CH UK US WG 

1 4 71 1 60 48 27 16 - 60 22 44 47 2 19 52 
2 88 25 93 33 36 58 48 - 32 66 47 17 20 65 41 
3 5 10 17 8 8- 2 4 4 6 73 3 1 
4 1 0 2 1 4 1 19 - 0 0 2 2 1 3 1 
l-4 98 97 96 95 95 94 91 - 94 92 97 72 96 92 95 
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nine years, 1957-66, exchange rates were fixed. 7 During this period, exchange rate 
changes were relatively rare, being confined to a devaluation of the French franc in 
1957/58 and a revaluation of the German mark and the Dutch guilder in 1961. The 
following six years, 1967-72, of adjustable, but not floating, exchange rates 
witnessed much more frequent revaluations and devaluations. France and the 
United Kingdom, in particular, experienced major devaluations between 1966 and 
1968. These more frequent changes in exchange rates eventually led to the 
realignment of the Smithsonian Agreement in 1971. 

Figure 2 shows the first three principal components of the fixed rate period. The 
thing to notice is the dominance of the first principal component, which has a trend, 
contrary to all other components, and contrary to other subperiods. As shown in 
Table 2, the first component of the fixed rate period alone explains 80 per cent of all 
movements in real exchange rates during this period while the first component of 
the floating rate period accounts for only 50 per cent. The first component during 
the fixed rate period is almost exactly the dollar/yen exchange rate. It does not fit the 
real exchange rate between the USA and Canada, Australia, France and the United 
Kingdom. The subdivision into groups is less clear cut due to the dominance of the 
first component. It is, however, still possible to identify the third component with 
the United Kingdom, since the third row of part C in the table has correlations that 
are higher than average for the third component. The correlations for the 
Netherlands and Denmark are peculiar, as it appears that these two countries 
belong partly to the German group as well as partly to the Japanese group. Except 
for these outliers the partitioning in groups appears roughly the same as in the 
floating period. 

A marked difference between the two subperiods is the volatility of real exchange 
rates. The variance of the components is much higher in the floating period than in 
the fised period. According to Slussa (1986), this difference in observed volatility 
provides strong evidence against theoretical models that embody the property of 
‘nominal exchange rate regime neutrality.’ The principal component analysis, 
however, gives the impression that the choice of an eschange rate regime does not 
affect the dominant relations between real exchange rates. It seems that the 
covariance structure has remained fairly constant, although the total variance has 
increased. 

II.C. The 1979 regime shift 

Table 3 reports on the principal components for the period 79:IV to 86:IV. An 
important difference between the correlations in Tables 1 and 3 is the partial 
disappearance of the UK component. The United Kingdom exhibits a more 
European behavior after 1979. The correlation of the real dollar/pound rate with 
the first component has doubled, the high correlation in the Japanese yen block in 
Table 1 (0.73) has fallen to 0.01, and the correlations in the third row of the British 
pound block of Table 3 have decreased on average. The correlations of the dollar 
with the European currencies are high whether or not a currency belongs to the 
EMS. Another difference is the behavior of the Swiss Franc, which seems more 
closely related to the DMark in the post-79 period. The similarity of the yen and the 
Swiss Franc has vanished. 
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TABLE 2. Principal components of real exchange rates, 57: I-72: I\‘. 

Overall fit of first components (partial and cumulated) 

Component 1 2 3 4 Cumulated l-4 

Variance 0.0344 0.0038 0.0020 0.0013 
Fit 0.80 0.08 0.05 0.03 0.96 

Percentage of total variance of a (log) real exchange rate explained by first four components. 
Entries show 100 times the squared correlation of component i with each of the exchange 
rates, and the cumulated fit of the first four components (l-4). 

A. US dollar is numeraire 

AU BE CA DK FR GR IT JA NL NW SW CH UK US WG 

1 32 62 20 94 13 29 77 98 96 95 93 76 3 - 82 
2 1 0 47 3 41 48 16 1 0 0 1 1 37 - 0 
3 6 0 1 0 12 0 0 0 0 0 1 0 40 - 9 
4 17 16 11 0 31 2 1 0 1 1 0 14 9 - 7 
1-4 56 78 79 97 97 79 94 99 97 96 95 91 89 - 98 

B. German DMark is numeraire 

AU BE CA DK FR GR IT JA NL NW SW CH UK US WG 

1 80 57 78 45 43 81 1 90 69 31 18 19 71 82 - 
2 0 0 10 8 21 5 39 0 0 1 5 1 17 0 - 
3 7 19 7 22 31 6 28 7 11 23 27 41 3 9 - 
4 1 0 1 12 3 6 15 0 3 12 18 1 0 7 - 
l-4 88 76 96 87 98 98 83 97 83 67 68 62 91 98 - 

C. British pound is numeraire 

AU BE CA DK FR GR IT JA NL NW SW CH UK US WG 

1 4 26 13 82 4 28 66 90 83 75 77 51 - 3 71 
2 40 34 62 2 0 3 1 4 8 13 7 18 - 37 17 
3 31 33 24 13 85 42 25 - 6 9 11 25 - 40 3 
4 0 1 1 2 7 17 4 ; 112 l- 90 
l-4 75 94 100 99 96 90 96 99 98 98 97 95 - 89 91 

D. Japanese yen is numeraire 

AU BE CA DK FR GR IT JA NL NW SW CH UK US WG 

1 98 98 96 74 90 97 88 - 80 92 92 96 90 98 90 
2 0037618-0000410 
3 - 
4 

0 0 0 12 0 o- 2 2 10 : 07 
0 0 0 7 2 3 I- 2 0 11 0 0 

l-4 98 98 99 89 100 100 97 - 82 94 94 97 99 99 97 
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TABLE 3. Principal components of real exchange rates, 79:IV-86:IV. 
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Overall fit of first components (partial and cumulated) 

Component 1 2 3 4 Cumulated l-4 

Variance 0.0637 0.0279 0.0056 0.0027 
Fit 0.61 0.27 0.05 0.03 0.96 

Percentage of total variance of a (log) real exchange rate explained by first four components. 
Entries show 100 times the squared correlation of component i with each of the exchange 
rates, and the cumulated tit of the first four components (l-4). 

A. US dollar is numeraire 

AU BE CA DK FR GR IT JA NL NW SW CH UK US WG 

1 25 98 2 97 98 79 90 41 96 91 93 88 82 - 96 
2 59 0 38 1 0 14 5 41 0 2 3 1 11 - 0 
3 0 0 28 0 0 2 1 3 2 0 3 4 2 - 2 
4 14 1 13 2 1 2 2 15 1 3 0 3 2 - 1 
1-4 98 99 81 100 100 97 98 100 99 97 99 98 97 - 99 

B. German DLMark is numeraire 

AU BE CA DK FR GR IT JA NL NW SW CH UK US WG 

1 49 55 98 1 14 16 46 43 23 66 2 50 4 96 - 
2 44 0 1 29 0 51 43 40 9 4 15 20 43 0 - 
3 1 19 0 30 56 1 4 4 2 20 73 0 42 2 - 

4 410 0 0 0 0 410 2 7 Ol- 
l-4 98 75 99 60 70 78 93 99 35 90 92 77 89 99 - 

C. British pound is numeraire 

AU BE CA DK FR GR IT JA NL NW SW CH UK US WG 

1 58 35 85 3 16 4 4 21 7 32 23 3 - 82 4 
2 16 29 5 63 50 0 73 74 41 38 21 58 - 11 43 
3 7 12 7 20 13 64 15 0 43 12 2 31 - 2 42 
4 5100000200’2-20 
1-4 86 77 97 86 79 68 92 97 91 82 5; 93 - 97 89 

D. Japanese yen is numeraire 

AU BE CA DK FR GR IT Jh NL NW SW CH UK US WG 

1 1 61 30 52 53 15 37 - 45 11 41 31 21 41 43 
2 96 31 54 34 39 75 34 - 40 76 51 39 74 41 40 
3 2 2 8 8 3 6 17 - 10 3 1 24 0 3 12 
4 0 4 8 5 4 2 10 - 4 5 6 2 2 14 4 
1-4 99 98 100 99 99 98 98 - 99 95 99 96 97 99 99 
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III. Long-run purchasing power parity? 

In the co-integration literature, Stock and Watson (1988) demonstrate how 
principal component analysis is connected to tests for the number of unit roots in a 
multivariate time series and the estimation of co-integrating vectors. These links 
enable a further interpretation of the principal components analysis, and of tests of 
long-run purchasing power parity (PPP). 

The long-run PPP hypothesis is the fundamental equilibrium relation for the 
level of real exchange rates, and as such PPP is a crucial building block of models of 
exchange rate determination. While the data overwhelmingly reject instantaneous 
PPP, long-run PPP is still much debated. In testing long-run PPP one looks for 
evidence that real exchange rates return toward equilibrium values over time. The 
hypothesis of long-run PPP is violated if real exchange rates follow a random walk 
and thus contain a unit root. 

The standard procedure in the literature is to apply unit root tests to a number of 
univariate time series of real exchange rates. Huizinga (1987), for example, finds 
mean reversion for the US dollar/Canadian dollar real exchange rate, but is not able 
to reject the unit root hypothesis for other real exchange rates against the dollar.8 
This is consistent with our interpretation of the principal component results: 
Canada and the USA belong to the same group, but none of the other countries are 
in that group. The French franc/DMark, and the Dutch guilder/Belgian franc real 
exchange rates are other examples for which the unit root hypothesis has been 
rejected in the literature. 9 This result is equivalent to the statement that the 
dollar/guilder and dollar/Belgian franc rates co-integrate. From Huizinga’s results 
the Japanese yen appears integrated against all other currencies, also consistent 
with our interpretation of the principal components. 

A complete systematic analysis for n + 1 currencies involves $n(n - 1) univariate 
unit root tests. This is clearly not an efficient procedure, as only n of these exchange 
rates can be independent. Stock and Watson (1988) develop a test to discriminate 
between the presence of A versus m <k unit roots in a multivariate time series. In 
the first step of their test procedure the original vector time series x, is transformed 
to s,= Dx,, such that the first k: components are non-stationary and the last 
components of T, are stationary. Hence, the last rows of the matrix D form a basis of 
the space spanned by the co-integrating vectors. Stock and Watson show that 
principal component analysis provides a consistent estimator of D. Principal 
component analysis effectively extracts series in order of persistence, in which the 
most persistent linear combination of x, becomes the first component. The 
intuition behind this result is that the variance of an AR( 1) time series increases with 
its autocorrelation coefficient for a given variance of the innovations; if there is a 
unit root the variance of the series even goes to infinity. In this sense the first 
principal components of real exchange rates represent the most persistent 
deviations from PPP. 

The natural hypothesis that emerges from this interpretation of the component 
structure is that rapid reversal to PPP constitutes the common characteristic of 
currencies in the same group, and that persistent PPP deviations distinguish them 
from currencies in other groups. Real exchange rates that are strongly correlated 
with the first few components can be expected to identify the exchange rates for 
which PPP deviations are most persistent, and for which a monetary type of 
exchange rate model based on long-run PPP is most likely to break down. For those 
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IV. Conclusions 

We investigated the relations between all possible bilateral real eschange rates for 15 

industrialized countries using quarterly data for the period 1957 to 1986. To extract 

the dominant movements in real exchange rates we modified the standard principal 

component analysis such that the principal components are invariant a-ith respect 

to the choice of a numeraire currency. The method is applicable to all data sets 

involving differentials between countries. 

Application of the numeraire invariant principal components technique and our 

interpretation of the descriptive evidence suggests that the chosen set of countries 

might be partitioned in four groups. Countries within the same group share the 

same (long-run) real exchange rate characteristics. The leading countries of the four 

groups are the United States, Japan, West Germany, and the United kingdom. 

Testing the long-run PPP, by determining the number of unit roots in the 

system, would be one \vay to perform a formal statistical test. It is, however, 

unlikely that these tests will prove informative, since they have extremely low 

power. The 15 years of experience with floating exchange rates is probably too 

short to draw conclusions about the long-run behavior of real eschange rates. The 

alternative is a pooled regression model that takes into account the cross-sectional 

relations between exchange rates in different numeraires. 

Notes 

1. B is unique apart from sign, if all elements of A arc different, which we henccforrh assume. 

2. Note that the same transformation applies to first differences of log exchange ra:cs, and to all 

relative variables, such as inflation and intcrcst rate differentials between countries. The 

numeraire free principal components transformation is thus more generally applicable. 

3. For notational convenience the subscripts on I and I will be suppressed u-hen there can bc no 

confusion about their appropriate dimensions. 

1. In a maximum likelihood derivation of the principal components 0 has the intcrpreratlon of a 

variance. The choice of 0 does not affect the factor loadings; it only serves as a scalar plramcter for 

all time series of principal components. 

5. Another solution is a=(1 +(n+ I)--’ ‘)/n. The choice of c( is not important, since rhc principal 

components depend on Q, not Q’?. 

6. Except for the first column the factor loadings do not show a clear pattern. 

7. The only exception is Canada, which experienced flexible exchange rates from 19j--62. 

8. Llany other authors have tested the unit root hypothesis for real exchange rates, P.R.. Edison and 

Fisher (1989), Frankel and Aleese (1987). hlecagni and Pauly (1987). These studws use different 

test statistics and apply them to some other currencies and sample periods. 

9. See Huizinga (1987) and Edison and Fisher (1989). 
10. To reject a single unit root in a six-dimensional system the estimated autocorrclarion pdramctcr ot’ 

the last principal must be approsimatclp zero to reject the unit root hypothesis in a sample of 56 

quarterly observations (the full floating exchange rate period). See Stock and \VJrson (1988). 
Table 2. 

11. Recently Cochranc and Sbordonc (1988) h ave proposed a different approach to muIt:\-arlate time 

series that does not require exact unit roots. 

12. In small samples this holds if the variances of innovations of the indlvldual series do not differ too 

much. 

13. See also Stockman (1983) f or a theoretical framework and some empirical evidence based on real 

factors. 
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