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A SURVEY OF LITERATURE ON THE EQUILIBRIUM REAL EXCHANGE RATE
AN APPLICATION TO THE EURO EXCHANGE RATE*

Sonia Costa **

1. INTRODUCTION

The two major purposes of the present article
are, first, to describe and compare the approaches
for determining the equilibrium real exchange rate
mostly used in literature and, second, to present
some results to the euro exchange rate. Since the
concept of exchange rate equilibrium is not uni-
formly accepted nor clearly defined in the eco-
nomic literature, the differences between the sev-
eral approaches are not always easily understand-
able and thus the discussion of the methodological
issues is important. In addition, the results for the
euro exchange rate assume particular relevance
since the euro has observed significant fluctua-
tions over recent years and it is important to ascer-
tain whether these movements were caused by
changes in euro’s fundamental determinants or
not .

This article is organised as follows: Section 2
discusses the equilibrium exchange rate concept,
highlighting its different horizons in empirical ap-
plications. Section 3 presents a description of the
different approaches for determining the equilib-
rium exchange rate, starting with the PPP - Pur-
chasing Power Parity, the simplest and traditional
method. Subsequently, it describes several ap-
proaches for determining time-varying equilib-
rium real exchange rates, namely FEER - Funda-
mental Equilibrium Exchange Rate, BEER - Behav-
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ioural Equilibrium Exchange Rate, PEER - Perma-
nent Equilibrium Exchange Rate and NATREX -
NATural Rate of Exchange. These are the methods
mostly used in empirical applications since the
early 1990s. The comparison between these latter
approaches is made in Section 4. The first part of
Section 5 describes the results of different applica-
tions of these approaches to the euro exchange
rate. Since the results available in literature do not
include the most recent period, the second part of
Section 5 presents an application of the
BEER/PEER approach to the euro effective ex-
change rate and to the euro/US dollar exchange
rate, covering data up to the end of 2004. Section 6
presents the final conclusions.

2. EQUILIBRIUM EXCHANGE RATE CONCEPT

The usefulness of the calculation of the equilib-
rium real exchange rate is not unanimously recog-
nised. According to Isard and Faruqgee (1998),
opinions on this subject may be divided into three
groups. The first group considers that exchange
rates are always in equilibrium, given that they
clear the foreign exchange market and that their
level reflects the current and expected macroeco-
nomic situation. A second view recognises that ex-
change-rate misalignments may exist (persistent
deviations of the exchange rate from a me-
dium/long-term equilibrium situation, signalling
imbalances in the economy), but acknowledges
that, in practice, these deviations cannot be quanti-
fied. Finally, the third view, which is shared by
those estimating equilibrium exchange rates, con-
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siders that the evaluating the level of exchange
rates is useful, even though deviations from the
medium/long-term equilibrium may or may not
reflect an exchange-rate misalignment. Therefore,
detecting exchange-rate misalignments cannot be
merely the result of comparing the current values
of the exchange rate with long-term equilibrium
levels, but should also take into account that the
exchange rates may deviate from that equilibrium
level, due, for instance, to different cyclical situa-
tions in the domestic economy and abroad.
Against this background, the following notions of
equilibrium exchange rate are often found in the
literature®:

* short-term equilibrium exchange rate - ex-
change rate compatible with the current eco-
nomic situation, excluding purely financial
shocks;

* medium-term equilibrium exchange rate - ex-
change rate prevailing when its fundamental
determinants are at sustainable medium-term
values. Usually, this situation is characterised
by the simultaneous existence of internal bal-
ance (i.e., a situation in which output is at its
potential level and there are no inflationary
pressures) and external balance (a situation in
which the existing capital movements are sus-
tainable in the sense that they are justified by
the adjustment of the capital stock towards its
long-term equilibrium level);

* long-term equilibrium exchange rate - ex-
change rate consistent with a situation of in-
ternal balance, in which there are no reasons
for changes in capital movements and in
which the ratio of net foreign assets to GDP
remains constant.

These short and medium-term equilibrium con-
cepts have the problem of reflecting subjective no-
tions. Indeed, the definition of an equilibrium ex-
change rate as an exchange rate consistent with a
situation of full employment of productive factors
and the fulfilment of the inter-temporal external

(1) See, for instance, Driver and Westaway (2004).

budget constraint, only allows a unique definition
to be made for the real exchange rate in a station-
ary situation, which is consistent with different
adjustments for that long-term equilibrium value.

3. DESCRIPTION OF DIFFERENT APPROACHES
3.1. Purchasing Power Parity (PPP)

The traditional and simplest method to deter-
mine the equilibrium real exchange rate is based
on the PPP theory. The relative PPP considers that
the equilibrium real exchange rate is constant over
time. Therefore, there is a real exchange-rate mis-
alignment when, compared to a given base period
when the global economy is considered to be in
general equilibrium, the change in the relative
price (or in the relative cost) differs from the
change in the nominal exchange rate.

The PPP as a theory of real exchange rate be-
haviour in the long run has been widely tested. A
number of papers can be found in the literature
that survey the results (for instance, Froot and
Rogoff (1995) and MacDonald (1995)). Since the
1990s, these tests have chiefly covered less de-
manding interpretations of the PPP, which assume
two alternative types. The first one considers that
the real exchange rate will likely revert to its mean
in the long run, although it may depart from it for
a long period (i.e., testing the stationarity of the
real exchange rate). The second one only considers
that there is a long-run relationship between the
nominal exchange rate and prices in both econo-
mies (i.e., testing the existence of a cointegration
relationship among the nominal exchange rate,
domestic prices and external prices). The results
obtained reveal, in most cases, a very slow speed
of reversion of the exchange rate towards the PPP
value®. The PPP theory points therefore, at best, to
equilibrium values of the real exchange rate in the
very long run, i.e., a longer horizon than that typi-
cally relevant for economic policy, and does not
explain the existence of protracted deviations from
that equilibrium value.

(2) For instance, according to MacDonald (2000), even the studies
that use long time span data sets (with approximately 100 years
of data) or panel data for the recent floating period obtain a
half-life of approximately 4 years (period of time, following a
shock, for the real exchange rate to adjust half the deviation
from the constant level corresponding to the PPP).
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3.2. Approaches determining time-varying
equilibrium real exchange rate

The methods mostly used to determine the
equilibrium exchange rates over recent years im-
plicitly consider that even protracted deviations
from the PPP may reflect adjustments of the fun-
damental relationships between economies, and
thus are not necessarily associated with ex-
change-rate misalignments. In general terms, these
approaches can be divided into two groups: struc-
tural approaches and direct approaches. Structural
approaches are explicitly based on a given macro-
economic model, and the equilibrium real ex-
change rate is obtained as a solution of that model
in a situation of internal and external balance. In
direct approaches, the equilibrium exchange rate
is obtained by estimating an ad-hoc specified
equation for the real exchange rate as a function of
its fundamental determinants, or by decomposing,
with statistical or econometric techniques, the be-
haviour of the real exchange rate into equilibrium
components and deviations from equilibrium.
FEER can be included in structural approaches,
while BEER and PEER correspond to direct ap-
proaches. NATREX is not clearly included in any
of such categories, given that, although it is based
on a specific macroeconomic model, its empirical
applications consist, in most cases, and similarly to
BEER, in the estimation of a reduced form
equation for the real exchange rate.

3.2.1. Fundamental Equilibrium Exchange Rate (FEER)

The fundamental equilibrium exchange rate
(FEER) introduced by Williamson (1983) intends
to determine the real exchange rate path that is
consistent with the existence of internal and exter-
nal macroeconomic equilibrium. In this approach,
external equilibrium is obtained by imposing a
balanced fundamental account, which is defined
as the sum of the current account and net inflows
of stable capital. Therefore, this approach takes
into consideration that when domestic saving is
different from domestic investment opportunities
evaluated at the global interest rate, countries may
observe capital imports or exports over a number
of years, and thus maintain lasting current account
imbalances.

FEER is usually considered a medium-term ap-
proach. In effect, on the one hand, it ignores
short-term disturbances and cyclical factors and,
on the other hand, it takes into account the exis-
tence of capital flows among the different econo-
mies. As mentioned in Section 2, the medium-term
equilibrium corresponds to a subjective concept,
as it is not uniquely defined. Theoretically, the ex-
istence of external equilibrium only requires net
external debt to be sustainable, so that the econ-
omy may be able to comply with its liabilities and
does not overaccumulate assets. This is consistent
with the different paths for the fundamental ac-
count. Therefore, the imposition of a permanently
balanced fundamental account reflects a strict no-
tion of external equilibrium, which may be justi-
fied by concerns about the behaviour of the
current account in the short run. In this sense,
FEER is a normative concept.

In most cases, FEER is determined on the basis
of a partial equilibrium model, in which an equa-
tion is estimated for the current account (or for the
trade account). This equation is solved for the real
exchange rate that makes the trend current ac-
count (i.e., the current account corresponding to a
situation in which its other determinants are at
their “equilibrium” levels proxied by trend values)
equal to its exogenously determined target level
(i.e., stable net capital outflows). This approach
does not require the existence of stock-flow equi-
librium and it does not take into account the inter-
action between deviations from equilibrium and
the equilibrium path itself. As a result, FEER is
subject to a hysteresis effect.

The results obtained with the FEER approach
reveal high sensitivity to the hypotheses consid-
ered - for instance, the trade elasticities and the
level of stable capital flows. Therefore, it is only
possible to identify with some certainty very sig-
nificant misalignments. Major differences among
the different applications of this methodology are
related to the manner in which stable capital flows
are determined, given that in most cases a large
judgement component is involved. Theoretically,
stable capital flows should correspond to capital
flows responding to differentials between the
yields of long-term domestic and external invest-
ments, or reflecting changes in portfolio prefer-
ences, that may persist for a number of years be-
fore a new portfolio equilibrium is reached. In sev-
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eral applications, stable capital flows are deter-
mined on an ad-hoc basis, corresponding to the
values of the capital account items with more
(frequently,  direct

structural characteristics

investment net flows)®.
3.2.2. Behavioural Equilibrium Exchange Rate (BEER)

The BEER approach is based on the estimation
of an equation for the real exchange rate, as a
function of its fundamental determinants. In this
approach, the equilibrium path of the exchange
rate corresponds to the fitted values of that equa-
tion, using the observed values of the economic
fundamentals assumed to have long run effects.

In general, the BEER is estimated using the
Johansen’s cointegration analysis. The differences
between the several empirical applications of this
approach consist mainly in the exchange rate de-
terminants considered. These variables are usually
selected on an ad-hoc basis, and are motivated by
different theories of determining the exchange
rate, often including the Balassa-Samuelson pro-
ductivity hypothesis, the uncovered interest rate
parity theory and/or the assets model developed
by Frenkel and Mussa (1984). Thus, the real ex-
change rate is often expected to appreciate in the
long run if, all other things being equal, the pro-
ductivity in the tradable goods sector, when com-
pared to that of the non-tradable goods sector, in-
creases more in the domestic economy than
abroad, if net foreign assets increase, if there is a
persistent improvement in terms of trade (most of-
ten proxied by the real oil price) or if there is a
greater permanent improvement of the public fi-
nance situation in the domestic economy than
abroad. In addition, a widening of the real interest
rate differential between domestic and foreign

(3) The IMF developed a methodology to evaluate deviations of
the exchange rates from their equilibrium values. It reflects an
extension of FEER, which intends to introduce more rigour in
determining stable capital flows (Isard and Farugee (1998)). In
practice, this approach formalizes the methodology to deter-
mine stable capital flows followed by Williamson (1991). In ef-
fect, it explicitly considers that the current account can be
viewed as the difference between domestic saving and invest-
ment, and that these, in the medium/long-term, are determined
for instance by factors associated with life-cycle and debt-cycle
theories. Therefore, in such applications, the target level for
current account corresponds to the estimated level of net
savings in a medium-term situation.

economies, or an increase in the relative demand
for non-tradable goods to tradable goods is
deemed to cause a real appreciation of the ex-
change rate in the short/medium term. This latter
effect may be due to the short-term positive
impact on demand associated to an increase in
public consumption.

3.2.3. Permanent equilibrium exchange rates (PEER)

The BEER determines an exchange rate trajec-
tory that reflects the observed behaviour of its de-
terminants. This does not necessarily mean that it
defines sustainable levels for the exchange rate. In
this sense, BEER is sometimes referred to as “cur-
rent equilibrium exchange rate”. A number of arti-
cles are intended to compute the BEER for a situa-
tion in which the exchange rate determinants
stand at their sustainable equilibrium levels. In
these cases the exchange rate obtained would be
referred to as BEER/PEER.

The BEER/PEER has assumed alternative forms
in the literature. A simple solution used, for in-
stance, by Faruqgee (1994) consists in considering
the exchange rate determinants at their long-term
values, computed on the basis of filters or esti-
mated trends. The disadvantage of this approach
is that, when determining the long-term equilib-
rium, it disregards the information contained in
the estimated cointegration relationship. In order
to overcome this limitation, most recent articles re-
sort to the decomposition of Gonzalo and Granger
(1995), which breaks down the cointegration rela-
tionship into a non-stationary permanent compo-
nent and a stationary transitory component. In this
context, the permanent component of the real ex-
change rate is deemed to describe its equilibrium
path and the transitory component is considered
to reflect the deviations from equilibrium.

The PEER denomination has also been used in
other than BEER approaches. In a survey of the lit-
erature by MacDonald (2000), these applications
are grouped in two classes. The first group in-
cludes the studies that use the univariate or
multivariate Beveridge and Nelson decomposition
to decompose real exchange rates into permanent
and transitory components. These studies are
based on the statistical properties of the real ex-
change rate, and are often called APPER
(Atheoretical Permanent Equilibrium Exchange
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Rate) due to the absence of any specific economic
theory on the behaviour of the exchange rate. The
second group includes the studies following the
methodology proposed in Clarida and Gali (1994),
which is based on the estimation of structural VAR
models. This method allows the change in the real
exchange rate to be broken down into a number of
components associated with different types of
shocks. In these studies, the real exchange rate
component that is determined by supply shocks is
sometimes  interpreted as its permanent
component.

3.2.4.NATural Rate of EXchange (NATREX)

The NATREX approach determines the me-
dium-term equilibrium exchange rate and its ad-
justment towards long-term equilibrium, based on
modelling the stock-flow interaction in dynamic
growth models for open economies, whose specifi-
cations vary according to the characteristics of the
economies in question (Stein et al (1995)). Simi-
larly to FEER, the theoretical framework of
NATREX is based on the medium-term macroeco-
nomic equilibrium defined as a situation in which
the current account is equal to the sustainable cap-
ital flows determined by net savings in a context
of internal equilibrium. The models incorporate
structural equations for the current account, sav-
ings and investment. The major factor behind sav-
ings is the rate of time preference, whereas the ma-
jor factor behind investment is Tobin’s q ratio,
which is determined by productivity. These mod-
els are more general than the macroeconomic
equilibrium models used in FEER. On the one
hand, the flows are explained by the capital stock
and net foreign assets (i.e., investment depends on
the capital stock while saving depends on wealth
stock, defined as the sum of net foreign assets and
capital stock). On the other hand, the flows deter-
mine the endogenous movements of the stocks in
the transition to the long run (the current account
corresponds to the rate of change of net foreign as-
sets, whereas investment corresponds to the
change in the capital stock). Similarly to the mod-
els frequently used to motivate the selection of ex-
change-rate determinants in BEER studies, the
flow-stock interaction ensures the consistency of
the medium-term equilibrium with a notion of
long-term equilibrium in which net external debt

is stable and the capital stock has converged to the
stationary level. Thus the theoretical framework of
NATREX approach overcomes one of the
limitations of FEER.

According to NATREX, the real exchange rate
is determined in the long run by the rate of time
preference and by productivity in the domestic
economy and abroad and in the case of small
economies, also by terms of trade and by the real
interest rate. In the medium-term, in addition to
these variables, the exchange rate also depends on
the capital stock and on net foreign assets, vari-
ables that are endogenous in the long run. Accord-
ing to the NATREX models, a rise in the time pref-
erence rate (i.e., a decline in savings) determines
an appreciation of the real exchange rate in the
medium term and its depreciation in the long
term, whereas an increase in productivity (i.e., a
rise in investment) induces an appreciation in the
medium term and has an ambiguous effect in the
long run.

There are some attempts to estimate the struc-
tural model underlying NATREX. However in
most empirical applications, only a reduced form
is estimated for the real exchange rate with
cointegration techniques. This makes the NATREX
approach similar to the approaches previously de-
fined as direct methods.

4. COMPARISON OF THE DIFFERENT
APPROACHES

As mentioned in Section 3, the BEER is often re-
ferred to as a short-term or current equilibrium ex-
change rate, FEER as a medium-term equilibrium
rate, PEER as a medium/long-term equilibrium
rate and NATREX as a methodology that, being
centred on the transition from medium to long
term, makes it possible to determine both types of
equilibrium rates. In effect, the classification of the
different approaches according to the time horizon
is not simple. For instance, the fact that when de-
termining FEER only sustainable capital flows are
included means that this approach implicitly has a
notion of long-term equilibrium, in which some
capital inflows or outflows will never be reversed.
In addition, the equilibrium notions implied in dif-
ferent approaches for the same horizon are not al-
ways equivalent. In the theoretical models moti-
vating BEER, BEER/PEER and NATREX, the real
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exchange rate adjusts so that the current account is
voluntarily financed by wealth holders. Reflecting
this, empirical applications of these approaches es-
timate a cointegration relationship between the
real exchange rate and its determinants, instead of
imposing “equilibrium values” for the current ac-
count, as happens in FEER. The estimates obtained
reflect exchange rate values that are justified by
the behaviour of the fundamental variables identi-
fied as relevant in economic models, but that do
not necessarily represent the behaviour of the ex-
change rate in a situation of medium/long-term
macroeconomic equilibrium. This situation is all
the more apparent in BEER applications, where
the observed values of the variables are used.
However, even the transformation of variables
into moving-averages in NATREX and the use of
the permanent component of the estimated ex-
change rate in BEER/PEER do not unquestionably
ensure the existence of external equilibrium, per-
ceived as the sustainability of the rate of accumu-
lation of net foreign assets. The medium-term
equilibrium rates determined in BEER/PEER and
in NATREX are therefore not directly comparable
to FEER exchange rates. This is even more
apparent if we consider atheoretical PEER, or
PEER obtained from structural VAR models.

In addition to differing in terms of equilibrium
concepts, the different approaches can also be dis-
tinguished by the type of variables used. These
differences, however, do not reflect conflicting
views on the theory of determining the ex-
change-rate, but are chiefly the result of differ-
ences at the level of complexity of the models un-
derlying each approach. In simple terms, FEER,
BEER and NATREX can be considered to have the
same type of formalisation for the external equilib-
rium, which is more simplified in FEER than in
BEER and in BEER than in NATREX. In effect,
whereas in FEER the equilibrium exchange rate is
the exchange rate which makes the underlying
current account equal to an exogenously deter-
mined sustainable value, in BEER and NATREX
that value is determined by the behaviour of dif-
ferent variables, such as the stock of net foreign as-
sets, which is considered exogenous in BEER and
endogenous in the long run in NATREX. In turn,
internal equilibrium is defined in a more simple
way in FEER and NATREX than in BEER. Indeed,
in BEER, a distinction is usually made between

tradable and nontradable goods. In this case the
internal equilibrium is defined as the equilibrium
in the nontradable goods market, which depends
on factors that affect the relative supply and de-
mand of both types of goods. In FEER and in most
cases in NATREX, no distinction is made among
the different types of domestically produced
goods, and
Balassa-Samuelson effect are not explicitly taken
into account.

therefore factors such as the

5. EMPIRICAL APPLICATIONS TO THE EURO
EXCHANGE RATE

5.1. Some recent results

Table 1 presents a summary of the results ob-
tained in different studies for the euro equilibrium
exchange rate, grouped by type of approach. Most
of these studies refer to the euro effective ex-
change rate, but some of them estimate equilib-
rium rates for the euro/US dollar and the euro/yen
exchange rates.

Some of these studies estimate trends for the
euro equilibrium exchange rate that are very simi-
lar to the observed exchange rate, suggesting that
they may reflect a notion of current equilibrium
rather than a notion of medium/long-term equilib-
rium. As one might expect, this behaviour is most
frequently found in the results obtained with
BEER and BEER/PEER, approaches in which the
variables used in determining the equilibrium are
selected according to their power to explain the
exchange rate.

Reflecting the dominant weight of the United
States in the euro area external relationships, the
results obtained are similar in the cases of the euro
effective exchange rate and of the euro/US dollar
exchange rate. Some results point to an equilib-
rium appreciation of the euro effective exchange
rate in the second half of the 1980s. There are no
clear indications about the direction of the equilib-
rium trajectory for the other periods, because even
in applications using the same approaches and
identical explanatory variables, the results ob-
tained are mixed. Nevertheless, in the latter years
of the 1990s and in 2000, most results point to the
stability of the equilibrium exchange rate, or at the
best to its appreciation, while the euro actually
depreciated in that period.
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In terms of the deviations from the equilibrium,
most results suggest that the euro was increasingly
early 1980s to
mid-1980s and was somewhat overappreciated, al-

underappreciated from the

beit less markedly, in some sub-periods from the
end of the 1980s to the early second half of the
1990s. These situations coincide with the strength-
ening of the dollar before the 1985 Plaza agree-
ment and with its subsequent depreciation. As re-
gards the most recent period, evidence suggests
that the euro was underappreciated in 1999, and
that such underappreciation became more marked
in 2000, apparently assuming a higher magnitude
in the euro/US dollar exchange rate than in effec-
tive terms. As presented in Table 1 the available
studies point to a very wide range for the degree
of euro underappreciation in this period, which
shows the high uncertainty associated with the
calculation of the equilibrium exchange rate, even
when similar approaches are used. This uncer-
tainty would be even more apparent if the confi-
dence intervals of the results were considered. In
general terms, as stressed in Detken et al (2002),
larger deviations from equilibrium seem to be
found in approaches in which higher economic
structure is imposed in estimation (approaches
that might be interpreted as determining the equi-
librium for a longer horizon) than in approaches
that estimate reduced forms for the exchange rate.
At the end of 2000, the euro effective exchange
rate deviations from equilibrium were higher than
20 per cent in FEER and NATREX studies® and
stood at approximately 10 per cent, on average, in
BEER, BEER/PEER and PEER. The fact that the
underappreciation of the euro tends to be smaller
in the results for a shorter-term equilibrium con-
cept is consistent with the possibility that the euro
was experiencing a more unfavourable cyclical
position in this period (assessed by the deviations
of output from the potential level) than its major
trading partners.

According to the BEER and BEER/PEER ap-
proaches the main factors behind the behaviour of
the real euro exchange rate® are relative produc-

(4) The NATREX computed in Detken et al (2002) results from the
estimation of a small structural model, which contrasts with
most applications of NATREX that consist in the estimation of
a reduced form equation.

(5) In the other approaches, the factors explaining the real ex-
change rate are defined a priori.

tivity®, long-term real interest rate differential,
real oil price, and, chiefly in the case of the
euro/US dollar exchange rate, also relative public
consumption. Net foreign assets are frequently
excluded from estimation?. As expected, an in-
crease in relative productivity, in the interest-rate
differential favourable to the euro area or in net
foreign assets determine an appreciation of the
euro exchange rate. In turn, an increase in real oil
price or in relative public consumption contributes
to its depreciation. This seems to reflect, in the for-
mer case, the higher dependence of the euro area
economy on oil imports, when compared to the
economies of its major trading partners and, in the
latter case, the predominance of the negative effect
expected in the long run over the short run
positive effect determined by the increase in
demand.

5.2. Estimation of BEER/PEER for the euro exchange
rate using recent data

For the purpose of obtaining estimates for the
euro equilibrium exchange rate in the most recent
period, the BEER/PEER methodology was applied
to the real euro effective exchange rate and to the
real euro/US dollar exchange rate. The
BEER/PEER was selected for reasons of its simplic-
ity and because it is a methodology widely used in
the literature and is therefore a natural way of ex-
tending the existing results. The sample consists of
quarterly data for the 1981-2004 period, in the case
of the effective exchange rate, and for the
1980-2004 period, in the case of the euro/US dollar
exchange rate. The explanatory variables were: the
ratio of net foreign assets to GDP, productivity
(proxied by the average labour productivity or by

(6) In most cases, an indirect measure of productivity in the trad-
able goods sector, vis-a-vis the nontradable goods sector was
included. This measure consists of the internal relative price
(nontradables vis-a-vis tradables), and, in general, corresponds
to the ratio of consumer prices to wholesale prices. In some
studies, as an alternative it was included labour productivity,
which is computed as the ratio of GDP to employment.

(7) As highlighted in several of these studies, this result may be in-
fluenced by the fact that net foreign assets are measured by ac-
cumulated current account positions, which disregards the ef-
fects from debt reduction and debt forgiveness, reinvested
earnings, valuation issues and, in the case of the euro area, it
may reflect not only net assets against countries outside the
region.
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Table 2

DESCRIPTION OF THE EXPLICATIVE VARIABLES AND THEIR EFFECTS ON THE REAL
EURO EXCHANGE RATE

Explicative variables

Estimated effects on the euro
exchange rate

tnt: Domestic relative price (nontradable goods vis-a-vis tradable goods) in the domestic econ-
omy vis-a-visabroad............ ... . o oo
yemp: Output perworker ................... ... ...l
ypc: Output percapita ............ ... i
wr:Realwage..........oo i i
f: Net foreign assetsasa % of GDP.............................
dep: Dependency ratio (non-working age population/working age population) (savings negative
determinant)........... ... ... L
pref. temp: Rate of time preference (total consumption/GDP) ... ..
stSavingsrate. ... ... ..
ca: Current accountasa % of GDP.............................
g: Ratio of public expenditure to GDP .........................
rlp: Real long-term interestrate ...............................
rcp: Real short-term interestrate. . .............................
pexp/pimp: Ratio of export prices to import prices...............

pet: Real priceof oil............... o

+ o+ o+ o+ o+

+
+

- except in Osbat et al (2003)
+

+
+
- in the case of the REER index and

........................... EUR/USD; + in the case of EUR/JPY

Note:
(a) + (-) corresponds to an appreciation (depreciation) of the euro.

the ratio of prices in the non-tradable goods sector
to prices in the tradable goods sector), the ratio of
public consumption to GDP, the long-term real in-
terest rate and the real oil price. All variables, ex-
cept the real oil price and, in the case of the esti-
mation of the effective exchange rate, net foreign
assets, were defined in relative terms in compari-
son with abroad®.

Both the graphical behaviour of the variables
and the unit root tests suggest that the series are
integrated of order 1. Therefore the estimation was
based on cointegration techniques using Johansen
methodology. BEER/PEER corresponds to the per-
manent component of the estimated exchange
rate, which was computed using the estimated co-
efficients and the decomposition of Gonzalo and
Granger (1995)0.

(8) See the Annex for a description of the method of construction
of variables.

(9) Alternative specifications of the vectorial autoregressive (VAR)
model were estimated including different sets of explanatory
variables. The VAR order was selected, so that the models
would not show autocorrelation in residuals. Autocorrelation
was tested with the Lagrange multiplier test for autocorrelation
of order four. The existence of cointegration was tested with
the maximum eigenvalue test and with the Johansen trace sta-
tistics adjusted for a small sample size. After determining the
number of cointegration vectors, both the exclusion of the vari-
ables from the cointegration relationship and its weak
exogeneity were tested.

In the case of the euro real effective exchange
rate, the best specification obtained suggests that
in the long run the appreciation of the euro is de-
termined by an increase in the ratio of the euro
area net foreign assets to GDP(9, by an increase in
productivity (measured as the ratio of prices in the
nontradable goods sector to prices in the tradable
goods sector) in the euro area vis-a-vis abroad and
by a rise in the ratio of public consumption to
GDP in the euro area vis-a-vis abroad (Table 3).
The signs of the estimated effects on the real ex-
change rate are in line with those theoretically ex-
pected and described in Section 3.2.2., in the case
of net foreign assets and productivity. In the case
of public consumption the signal of the estimated
coefficient suggests that, in the sample period, the
positive short/medium-term effect dominates the
negative long-term effect. According to the coeffi-
cient of the error-correction term in the ex-
change-rate equation, after a shock, the deviation
of the exchange rate from its long-term value de-
termined by the cointegration relationship will
take one year to be reduced by one half. This ad-
justment speed, which is in line with the estimates

(10) The inclusion of net foreign assets in the long-run cointegration
relationship is unusual in literature and this might be justified
by the way this variable was measured. Here the series used
was built using annual values of net foreign assets, instead of
the proxy more commonly used which is computed as the ac-
cumulation of current account balances.
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Table 3
RESULTS OF THE ESTIMATION OF THE VECM MODEL FOR THE REAL EFFECTIVE EXCHANGE RATE

(t-ratios in brackets)

Long-term coefficients Adjustment terms
reer” L 1 -0.18
- (-3.28)
-2.86 -
(-6.00)
mt.. . -0.11 -
(-2.25)
L -1.24 0.11
(-3.34) (4.70)
rlp-rlp* - -3.42
(-3.35)
Half-life.......... ... ... ... .. ... ..., -4.14
Number of lagsin VAR .................... 4.00
Restriction tests (p-value)(b) ................. 0.49
AR (1-4) (p-value) ......................... 0.52
Cointegration tests (p-value)
Without small-sample correction With small-sample adjustment
Trace Max. eigenvalue Trace Max. eigenvalue
0 0** 0.001** 0.017* 0.038*
1 0.018* 0.135 0.211 0.451
2 0.083 0.155 0.326 0.412
Notes:

(a) An increase (decrease) corresponds to an appreciation (depreciation) of the euro.
(b) Null hypothesis that the rlp-rlp* does not belong to the cointegration relationship and that f and tnt are weakly exogenous.

Table 4
RESULTS OF THE ESTIMATION OF THE VECM MODEL FOR THE EURO/US DOLLAR REAL
EXCHANGE RATE
(t-ratios in brackets)
Long-term coefficients Adjustment terms
EUR/USDreal” .......................... 1.00 -0.16
(-3.52)
S P -1.45 -
(-5.82)
yemp-yemp® .. ... -5.28 0.03
(-5.49) (3.95)
Half-life............ ... ... ... ... ..... -4.57
Number of lagsin VAR ................... 5.00
Restriction tests (p-values)(b) ............... 0.90
AR (1-4) (p-value) . ............ ... ... 0.75
Cointegration tests (p-value)
Without small-sample correction With small-sample adjustment
Trace Max. eigenvalue Trace Max. eigenvalue
0 0.010** 0.001** 0.053 0.006**
1 0.936 0.921 0.964 0.954
0.642 0.642 0.670 0.670
Notes:

(a) An increase (decrease) corresponds to an appreciation (depreciation) of the euro.
(b) Null hypothesis that the {-f-* is weakly exogenous.
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Chart 1
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Nota: (a) The values shown correspond to a simplified
version of the results presented in table 1. In the
cases in which there are equilibrium estimates for
different time horizons, only those referring to the
longer horizon are considered (ex: LT instead of
ST) and in the cases in which the same study pres-
ents different estimates for the same time horizon
the mean of such results is considered.

Chart 2
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Nota: (a) The values shown correspond to a simplified
version of the results presented in table 1. In the
cases in which there are equilibrium estimates for
different time horizons, only those referring to the
longer horizon are considered (ex: LT instead of
ST) and in the cases in which the same study pres-
ents different estimates for the same time horizon
the mean of such results is considered

usually found in this type of model, is, as
expected, rather faster than that associated with
PPP theory.

In the case of the real euro/US dollar exchange
rate, some specifications included the real oil
price, the real interest-rate differential and/or rela-
tive public consumption in the long-run relation-
ship. However, in such cases the econometric re-
sults were unsatisfactory, namely in terms of sta-

bility of the parameters. In the best specification
obtained, the real euro/US dollar exchange rate is
determined by relative productivity (measured by
the average labour productivity) and the ratio of
net foreign assets to GDP in the euro area com-
pared to the United States (table 4). In the
long-run relationship both variables are quite sig-
nificant and, as in the case of the effective ex-
change rate, the estimated coefficients are positive
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as expected. The speed of the exchange rate ad-
justment towards the long-term equilibrium is
similar to that estimated for the effective exchange
rate.

Charts 1 and 2 compare the current values for
the exchange rates with the estimated BEER/PEER.
Charts 3 and 4 show the estimated deviations
jointly with the results mentioned in the previous
section for the late 1990s and for the year 2000. In
general terms, the results obtained in this section
are in line with the results in literature, pointing in
particular to a possible underappreciation of the
euro in 2000, of a higher magnitude in the case of
the euro/US dollar exchange rate than in effective
terms. This underappreciation seems to have been
sharper in the first half of 2001, reaching approxi-
mately 11 per cent in effective terms and around
18 per cent against the dollar. From late 2001 to
late 2002 (from mid 2002 to mid 2003) the euro ef-
fective exchange rate (the euro/US dollar) was rel-
atively close to the levels justified by the long-term
behaviour of its determinants. The continued ap-
preciation of the euro has nonetheless contributed
to the recent emergence of signs of a possible
overappreciation, both in effective terms and
against the dollar. In the fourth quarter of 2004,
the estimated deviations stood at 11 and 16 per
cent in the case of the effective exchange rate and
of the euro/US dollar, respectively. In this period,
the estimated equilibrium rates present an appre-
ciating trend, that can be partly explained by the
more favourable behaviour of net foreign assets in
the euro area than in its trading partners and, in
the case of the effective exchange rate, also by the
higher growth of the ratio of public consumption
to GDP. However the appreciation of the
equilibrium rate has been more moderate than the
appreciation actually observed.

6. FINAL CONCLUSIONS

The PPP (Purchasing Power Parity) is a good
proxy for the equilibrium exchange rate in a situa-
tion where monetary shocks predominate. How-
ever, given the protracted deviations of the real ex-
change rate from the PPP, the usefulness of such
concept to evaluate the exchange rate is small.
Therefore, most empirical applications estimate
trends for the equilibrium real exchange rate that
are determined by the behaviour of the real vari-

ables. The difficulties in defining the equilibrium
exchange rate, in a situation in which the real vari-
ables are non stationary, contributes to the emer-
gence of different approaches to this issue in the
literature. These approaches generate results that
are difficult to compare among each other and that
are subject to criticism, due to the fact that they are
the result of normative solutions (such as FEER -
Fundamental Equilibrium Exchange Rate) or be-
cause it is not clear that they ensure the existence
of internal and external equilibrium (such as BEER
- Behavioural Equilibrium Exchange Rate, PEER -
Permanent Equilibrium Exchange Rate and
NATREX - NATural Rate of EXchange). The dis-
tinction among the different approaches based on
the equilibrium time horizon is too simplistic,
since the equilibrium notions implied in different
approaches for the same time period are not
equivalent.

The comparison of the different methods for
determining the equilibrium exchange rate does
not lead to a consensual conclusion as to the best
methodology to be adopted. FEER is a useful ap-
proach to quantify possible deviations from the
equilibrium in situations in which there are con-
cerns about the external equilibrium, but it has a
limited capacity to explain the factors underlying
changes in the equilibrium trend, such as, for in-
stance, the existence of Balassa-Samuelson effects.
BEER and BEER/PEER are more flexible, making it
possible that factors associated with different theo-
ries of determining the exchange rate may be
tested simultaneously. An atheoretical PEER is a
simple approach, in the sense that it is less de-
manding in terms of data. Structural VARs allow
the relative importance of different shocks to be
evaluated in explaining the exchange rate behav-
iour. Finally, NATREX introduces more economic
rationality in the distinction between different
equilibrium notions, than does the decomposition
into permanent and transitory components, used
in PEER. In addition to these motivations, the
choice among the different methods depends
obviously on the availability of data.

Irrespective of the methodology adopted, the
estimates obtained are subject to a high degree of
uncertainty, due to the econometric uncertainty, to
the variable measurement problems and, in the
case of the structural approaches, such as FEER, to
the sensitivity of the results to changes in the as-
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sumptions. In effect, studies with the same meth-
odology gave often rise to very different results in
terms of magnitude and of sign of the deviations
from equilibrium. This uncertainty is amplified by
the lack of consensus on the adequate equilibrium
exchange rate concept. In these circumstances, the
conclusion that a deviation of the exchange rate
from equilibrium exists is usually based on obtain-
ing deviations in the same direction, and of a
significant magnitude with different approaches.
In the case of the euro, the results available in
literature seem, in general, to indicate that in 2000
it was undervalued both in effective terms and
against the dollar. The results obtained in this arti-
cle confirm such conclusion and suggest that the
appreciation of the euro in the last two years was
sharper than would be justified by the fundamen-
possible
overappreciation, chiefly against the dollar, but

tal determinants, leading to a
also in effective terms. This evaluation is not ex-
pected to change much when considering 2005
data, since the magnitude of euro depreciation in
2005 was small, when compared with the esti-
mated deviations in this article. These conclusions
may, however, be induced by the fact that changes
in the euro exchange rate in this period have re-
flected factors that are not included in this type of
approach, or structural breaks. Indeed, it is possi-
ble that there may be structural breaks associated
for instance with the launch of the euro area.
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ANNEX

DESCRIPTION OF THE VARIABLES USED IN THE ESTIMATION OF BEER/PEER

Every series, except on net foreign assets and
on interest rate differentials, were defined in loga-
rithms for estimation purposes.

* Euro real effective exchange rate

Real effective exchange rate index (deflated by
consumer prices) calculated by the ECB for the
narrow group of countries (12 trading partners,
representing approximately 60 per cent of manu-
facturing trade in the area do euro: Australia, Can-
ada, Denmark, Hong Kong, Japan, Norway, Singa-
pore, South Korea, Sweden, Switzerland, United
Kingdom and United States of America). The
weights used in the construction of the index are
calculated as a weighted average of export double
weights and import simple weights, on the basis of
manufacturing trade data. The index is based on
1995-1997 weights up to 1998, and on 1999-2001
weights after 1999.

* Real euro/US dollar exchange rate

Nominal euro/US dollar exchange rate deflated
by consumer prices. The index used for the euro
area was the harmonised index of consumer prices
and for the United States was the consumer price
index (sources: for the euro area, EUROSTAT data
retropolated for the period prior to 1990:1 with
ECB data; for the United States, Department of La-
bour). Prior to 1999, the nominal exchange rate
corresponds to the exchange rate of the ECU
(source: ECB).

* Ratio of net foreign assets to GDP

In the construction of quarterly series of net
foreign assets for the euro area and for the United
States, the value in dollars considered for net for-
eign assets in the last quarter of each year was the
annual value for these series (which are available
up to 2003)®. The values for the other quarters
were obtained assuming for each year the same
quarterly structure of the accumulated current ac-
count in dollars. The values for 2004 are the result
of the accumulation of current account values in
dollars. The current account series of the euro area
corresponds, up to 1996, to the sum of the current

accounts in dollars of euro area countries (source:
International Financial Statistics of the IMF) and,
since 1997, to the ECB series for the current ac-
count converted into dollars. In the case of the
United States, data for the current account corre-
spond to those published by the Department of
Commerce. In the estimation of the euro effective
exchange rate (euro/US dollar exchange rate) the
explanatory variable used was the ratio of net for-
eign assets to GDP in the euro area (the differen-
tial between the ratios of net foreign assets to GDP
in the euro area and in the United States). Nomi-
nal GDP corresponds, in the case of the United
States, to that published by the Department of
Commerce and, in the euro area, to the series
published by EUROSTAT, retropolated with
year-on-year rates of change of ECB data.

* Productivity

Two alternative productivity measures were
considered: a direct measure corresponding to the
average labour productivity and an indirect mea-
sure corresponding to the ratio of prices in the
nontradable goods sector to prices in the tradable
goods sector. The direct measure was calculated as
the ratio of GDP in volume to employment, and
the indirect measure as the ratio of consumer
prices to producer prices. The explanatory variable
used in the estimation of the euro effective ex-
change rate (euro/US dollar exchange rate) was
the ratio of the productivity measure in the euro
area to the productivity measure abroad (in the
United States). Direct and indirect productivity
measures abroad were calculated as geometrical
averages of such measures in the countries whose

(1) These data were kindly supplied by Milesi-Ferretti and corre-
spond to an updated preliminary version for 2003 of
Milesi-Ferretti and Lane’s database (1999) for net foreign assets
of euro area countries, of the euro area as a whole and of the
United States. These data reflect the net value of the interna-
tional investment position less the value of gold assets. The
euro area series is only available for the period after 1999, and
was retropolated, on the basis of the annual changes of the se-
ries resulting from the sum of net foreign assets of euro area
countries.
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currencies are included in the calculation of the
real effective exchange rate (excluding Hong Kong
in the case of the indirect measure and Hong Kong
and Singapore in the case of the direct measure,
due to lack of data). The weights of the euro effec-
tive exchange rate index were used in these calcu-
lations. In the case of the euro area, data for GDP,
employment and the harmonised index of con-
sumer prices correspond to the EUROSTAT series
retropolated with the year-on-year rates of change
of ECB series, whereas data for the producer price
index correspond to the series calculated by the
EUROSTAT. For the United States, data from the
Department of Commerce were used for GDP,
from OECD for employment and from the Depart-
ment of Labour for the consumer and producer
price indices. In the cases of countries belonging to
the euro effective exchange rate index, data from
the Main Economic Indicators of the OECD were
used for GDP, from the Economic Outlook of the
OECD for employment and from International
Financial Statistics of the IMF for price indices .

* Ratio of public consumption to GDP

The explanatory variable used in the estimation
of the euro effective exchange rate (euro/US dollar
exchange rate) was the ratio of public consump-
tion to GDP in the euro area and abroad (in the
United States), calculated in nominal terms. The
ratio of public consumption to GDP abroad was
obtained as a geometric average of this measure in
countries whose currencies are included in the cal-
culation of the real effective exchange rate index
(excluding Singapore, due to lack of data). The
sources used were EUROSTAT and ECB for the
euro area, the Department of Commerce for the
United States and International Financial Statistics
of the IMF for countries included in the calculation

of this variable abroad, except Denmark, which
resorts to EUROSTAT data.

* Long-term real interest rate

Nominal interest rates of long-term govern-
ment bonds deflated by the year-on-year rate of
change of the consumer price index. The explana-
tory variable used in the estimation of the euro ef-
fective exchange rate (euro/US dollar exchange
rate) was the differential between the long-term
real interest rate in the euro area and abroad (in
the United States). The long-term real interest rate
abroad was obtained as an arithmetic average of
this measure in countries whose currencies are in-
cluded in the calculation of the real effective ex-
change rate index (excluding Singapore and Hong
Kong, due to lack of data). The sources used for
the nominal interest rates were the ECB for the
euro area, Bloomberg for the United States and the
International Financial Statistics of the IMF for the
countries that are included in the calculation of
this variable abroad.

* Real oil price

The explanatory variable used in the estimation
of the euro effective exchange rate (euro/US dollar
exchange rate) was the ratio of the oil price in eu-
ros to the harmonised index of consumer prices in
the euro area (the ratio of the oil price in dollars to
the producer price index in the United States). Af-
ter 1989:1, the oil price in dollars corresponds to
the series of the oil price in the London market
(Brent) (source: Thomson Financial Datastream),
which was retrapolated with the quarter-on-quar-
ter rates of change of the average oil price in dol-
lars published in the International Financial
Statistics of the IMF.
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