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Abstract

In this article, we develop an analytical general equilibrium model of the
equilibrium exchange rate. This theoritical framework allows us to identify
the relevant set of variables which determinate the equilibrium exchange
rate and to explore how theses variables influence the trajectory of the
equilibrium exchange rate.

Keywords: Equilibrium Exchange Rate, Purchasing Power Parity, Balassa-
Samuelson Effect, General Equilibrium Model.

1 Introduction

This paper is aimed at determining fundamentals of the equilibrium ex-
change rate (EER) for emerging countries and identifying the potential
role they may play in explaining the trajectory of the EER.

Usually, equilibrium exchange rates are defined in reference to the pur-
chasing power parity (PPP). PPP hypothesises that, over a given period of
time, the percentage change in the nominal exchange rate between any two
currencies will equal the difference between the percentage changes in the
price levels of the two corresponding countries. However, this methodology
has been discredited as an appropriate norm for defining equilibrium ex-
change rates of emerging countries, because of the Balassa effect (Balassa,
1964). This effect explains the tendency for catching up countries with
higher productivity growth in tradables to undergo an appreciation of their
real exchange rate (RER). That is why most theoretical approaches have
been developed to explain deviations of the EER behaviour from PPP, as-
suming possible changes in fundamentals that could affect the EER. Such
changes in fundamentals do matter in the context of emerging economies
undergoing rapid structural transformation.
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According to the typology proposed by Clark and MacDonald (1999),
there are two main alternative approaches to PPP: the ”Behavioural Equi-
librium Exchange Rate” (BEER) approach and the ”"Fundamental Equi-
librium Exchange Rate” (FEER) approach. The BEER approach covers a
range of conceptual frameworks that focus simultaneously on long run equi-
librium conditions for both asset stocks and current account flows (Stein
1994 ; Farugee 1995). Such conceptual frameworks define the equilibrium
levels or time paths of exchange rates as the levels or paths that give rise
to current account flows that are consistent with convergence to long run
asset stock equilibrium. At an empirical level, this approach leads to the
estimation of single equation reduced-form models. Equilibrium exchange
rates are then calculated as the fitted value of the real exchange rate when
the fundamental variables take their long or medium term values. Whereas
in the BEER approach the relevant notion of equilibrium refers to the long
or medium term value of an appropriate set of explanatory variables, the
FEER concept is based on the notion of macroeconomic balance, defined in
terms of internal and external equilibria. Internal equilibrium is identified
as a non-accelerating-inflation growth path. External equilibrium is defined
by the sustainable net flow of resources between countries when they are in
internal balance. Equilibrium exchange rates are calculated by using a com-
plete macroeconomic model, in the general equilibrium approach proposed
by Williamson (1985), or only the trade equations in a partial equilibrium
approach (Wren-Lewis & Driver, 1998; Borowski & Couharde, 2002).

As these two approaches have been mainly developed for assessing equi-
librium exchange rates of industrial countries, they are not entirely appro-
priate for analysing EER of emerging countries.

First, one problem is the Balassa effect, which is not represented in
the main BEER models, nor in the FEER models. The reason is that the
Balassa effect theoretically results from a partial equilibrium under severe
assumptions (especially the law of one price for tradables), which do not fit
the framework of the theoretical models cited above.

However, this problem does not yet exist at an empirical level. Most
BEER estimates include the relative price of tradables to non-tradables or
the differential in productivity between the tradable and non tradable sec-
tors as a proxy of the Balassa effect. Moreover, the BEER approach has
been extended to developing countries. Models implemented in this field are
quite similar to that of industrial countries, except that the real exchange
rate is defined in terms of the relative price of tradables to nontradables
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and can thus take into account explicitly the Balassa effect (Edwards, 1994;
Elbadawi, 1994; Montiel, 1999). In the FEER approach, the assessment of
equilibrium exchange rates is not also biased by the Balassa effect. Indeed,
if an economy is in its internal and external equilibria at the base period and
if there is some RER appreciation without degrading its external balance,
this appreciation will not be identified as a real overvaluation. This situ-
ation can reflect the Balassa effect, in which some RER appreciation may
occur without loss of competitiveness in tradables (Coudert & Couharde,
2002).

An other problem raised by these approaches is the definition of the
internal equilibrium. Internal equilibrium is generally defined on the basis
of the potential growth rates estimated separately from the model. The
internal equilibrium is thus exogenous to the model insofar as potential
growth is assumed to be independent of the real exchange rate. Neverthe-
less, theoretical FEER models can include an endogenization of internal
equilibrium that rests on the formulation of a wage-price dynamics in level
terms. The price equation reflects the application of a mark-up to unit
labour costs. The wage equation is derived from a bargaining process be-
tween unions and firms vested with the "right to manage” (R. Layard, S.
Nickell, and R. Jackman 1991). The endogenization of internal equilibrium
leads to an inverse causality between the real effective exchange rate and
potential output. If a depreciation occurs, firms and workers have to share
the rise in domestic prices caused by the deterioration in the terms of trade.
If the workers refuse to absorb the full impact of the shock (and to accept
a fall in their real income), the rise in the real cost of labour leads will
cause firms to make a long-term reduction in their employment volume.
When this happens, the equilibrium unemployment rate rises, lowering the
potential-output level. This framework based on the bargaining process
between unions and firms is regarded as an acceptable model for the indus-
trial countries labour market, but it is not necessarily valid for emerging
market economies. The problem will crop up again in calculating the level
of potential output. Isard and Farugee (1998) recommend computing do-
mestic output gaps, which are not available for emerging countries, by using
a Hodrick-Prescott filter. This is a practical way to deal with the issue of
internal equilibrium. However, it is no clear that these procedure results
in a real exchange rate that corresponds to internal balance of developing
countries.

That is why we propose to develop an alternative approach, which re-

3
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lies on two sectors (tradables and nontradables) models of exchange rate
behaviour. In this approach, the EER is defined as the internal exchange
rate - the relative price of tradables to non-tradables -, which results in the
simultaneous attainment of internal and external equilibrium. The main
feature of this approach is that it allows for changes in the EER that results
from the existence of non-traded goods and can thus describe the Balassa
effect. Moreover, unlike BEER and FEER approaches, the concept of in-
ternal equilibrium is obvious: it is defined in terms of the equilibrium of
nontradables market.

Two sectors models cover a range of theoretical frameworks, focusing
generally on partial equilibrium models. These models rely on an extended
PPP methodology and yield a negative correlation between relative prices
and relative output across sector as to describe the Balassa effect. The
specific mechanism that is relied upon to produce this effect is based on
the following assumptions: the capital is mobile, both internationally and
between sectors, and labour is free to migrate between sectors of an econ-
omy but not between countries. An important implication is that supply
shocks affect both the equilibrium relative price and the relative produc-
tion levels while demand shifts only affect the composition of output. The
relevant fundamental of the real exchange rate identified here is the rate
of growth in total factor productivity. Other models, by contrast, have
focused on demand side explanations of the EER behaviour. Among such
explanations, a factor often mentioned relates to the Baumol-Bowel effect:
if productivity in the good’s sector grows faster than in the service sector,
the relative price of services would rise over time if demand for services is
more income elastic. Since services and goods are concentrated respectively
in the nontradables sector and in the tradable sector, such an effect could
lead to an appreciation of the EER. De Gregorio, Giovanni and Wolf (1994)
have developed a general equilibrium framework where the EER behaviour
is explained by both supply side and demand side variables. However, as
their model focus only on one period, it can’t explain the time paths of the
equilibrium exchange rate. Moreover, details on the methodology, as the
formulation of microeconomic behaviours underlying the determination of
the equilibrium exchange rate, are not clearly explicated.

In this framework, we seek to extend the general equilibrium framework
of the equilibrium exchange rate behaviour on two tracks. First, we develop
an analytical model that is intended to identify a set of supply side and
demand side variables that affect the equilibrium exchange rate and to

4
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explore the direction of their influence on the EER. The second extension
is that the model is implemented on two periods as to analyse the time
path of the equilibrium exchange rate. The paper is organised as follows:
the first section describes the analytical framework and how the model can
be solved for the EER, considering exclusively one period. Then the second
section expands the analysis to two periods. This extension allows us to
consider the time path of the EER and describe how exchanges in exogenous
variables affect the equilibrium value of the exchange rate.

2 A one-period model

In models based on the Balassa-Samuelson effect, the equilibrium exchange
rate is determined exclusively by supply side variables and is independant of
the economy’s demand side. As international capital mobility is perfect and
labor is mobile within the economy, supply-side is fully elastic and demand
shifts doesn’t affect the relative price of traded goods. A price inelastic
supply is thus a neccesary condition for an effect of demand side variables
on the real exchange rate (De Gregorio, Giovannini and Wolf, 1994).

In this section, we consider a general equilibrium framework where we
relax the assumption of perfect capital mobility and add household’s be-
havior. This allows us to consider not only supply side but also demand
side determinants of the equilibrium exchange rate. We suppose also that
trade desequilibrium are possible to a certain extend: trade deficits must be
sustainable in medium or lung run, that is to say consistent with a rule of
stabilizating the debt-to-GDP ratio. This assumption allows us to identify
an other fundamental of the equilibrium exchange rate : the trade deficit
target.

We consider a small open economy that produces two goods, tradables
and non tradables. Outputs are given by diminishing returns production
fonctions of the capital and the labor employed,

Fr (Lr,Kr) = ArLi Ky (1)
Fy(Ly,Kn)=ANL3KY, (2)
with a+ 0 < 1
5
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where subscript T' denotes the traded sector, subscript N the nontraded
sector, and A’s are productivity coefficients.

Labor is internationnaly immobile but can migrate between sectors
within the economy. Labor mobility ensures that workers earn the same
wage W in either sector. The total domestic labor supply and capital supply
are fixed at Lt + Ly =1 and K+ Ky =1

Firms maximise the value of profits:

max {pTFT (LT, KT) + pNFN (LN, KN) —w (LT -+ LN) —C (KT -+ KN)}
(3)

The solution for this problem is:

1
(ea)T—o-5

Kr=Lr= ——"75—
14 (ea)T=7

(4)

with e = z%’ the equilibrium real exchange rate (a rise in e means a real
depreciation) and a = j—ﬁ.
Production fonctions then imply the following level of output in each

sector:

1 a+p
ea)t—o—"F
Yr = ArLSKS = Ar # (5)
14 (ea)™o7
1 o
Vv = ANLS KD = Ay | —————— (6)
1+ (ea)T=7

We suppose that trade desequilibrium are possible. We define the trade
balance target in GDP points by A:

pr (Mr — Xr) = A(prYr + pnYy) (7)

with : A > 0, trade deficit target in GDP points; M; and Xr are
respectively import and export volumes of tradable goods. By definition,
only tradable goods are imported or/and exported.

We consider the deficit trade as an additional income for households.
Then consumption must be chosen subject to the following budget con-
traint:
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prCr + pnCn + prXe = pr¥Yr + pvYn + prMr (8)

The budget contraint can be written as:

prCr + pnCn = (1 + A) (pr¥Yr + pyYn) 9)

The consumer maximizes an utility function of the following form:

max {log Cr + (log Cy} (10)

(C is the preference parameter for non-tradable good.
We obtain the demand functions for tradables and non tradables,

1+ AprYr + pnYn

Cr= 11
T 1+¢ pr L
o (1 +A)pr¥Yr + pnYn
Cy= 12
Y 1+¢ PN (12)
The market for traded and nontraded goods are in equilibrium if:
CT -+ XT = YT -+ MT (13)
Cn =Yy (14)
which finally imply the equilibrium value for the internal exchange rate:
1 1—CA
—a=f = — > 15
(ea) ™7 = T (15)

with: %<O,g—z<0andg—f\<0

In this model, it may be noted that the equilibrium exchange rate (e)

depends not only on technological conditions in the two sectors (variable a).
It also depends on the demand parameter ¢, that measures the individual’s
preference to consume nontradables and on A, the trade deficit target.

We obtain a negative link between faster productivity in the tradable

goods sector and the equilibrium exchange rate. This negative link rep-
resents the Balassa effect. The effect of a rise in the individual’s pref-
erence to consume nontradables on the equilibrium real exchange rate is
also straightforward: an increase in the preference parameter increases the

7
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consumption of nontradables and hence an appreciation of the equilibrium
exchange rate. The price of nontradables increases when the output of
tradables remains unchanged. Finally, a rise in the parameter A, that is a
worsening of the trade deficit, can be interpreted as a positive income effect.
This income effect leads consumers to raise consumption in tradables and
nontradables. The consumption’s increase is matched by a an increase in
imports that keeps the price of tradables constant, but increases the price
of non tradables. Thus, the equilibrium real exchange rate appreciate.

Until now, we have simplified the analysis by assuming one single period.
This assumption has usefully focused attention on the supply and demand
factors determining the level of the equilibrium exchange rate. We extend
the model to two periods to describe the equilibrium path of the equilibrium
exchange rate.

3 The two-period model

In this model there is one consumer who lives for two periods. His utility
function is

u(ch, iy, i i) = [Log(cy) + CLog(cl)| + 6 [Log(ch) + CLog(ch,)]

where ¢, ¢, denote respectively the consumptions of tradable and non-
tradable goods at period 7. The parameters (, 6 are respectively the prefer-
ence parameter for non-tradable good and the time preference parameter.

Her intertemporal income is
R = prYy + pyYy + pr(My — Xp) + (Y7 + P Yn + pr(M7 — XD))

(16)

where pt, ply are tradable goods and non-tradable goods prices at period
i, 7 is the exogenous interest rate, Y, Yy, are the productions of tradable
goods and non-tradable goods at period 7, and M%, X} are the importations
and exportations of tradable goods (we recall that only tradable goods are
imprted or/and exported). We also suppose that the tradable goods prices
p}, p? are exogenous (imposed by the international market).

The consumer solves the program:

147

11 2 2
max u(cy, Cy, Cr, Cy )
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under the constraints:

1
pheh = phel + — [B ] < R

1+7r
We obtain . R
T O {17
., 81+r) R
TTAFO0+0) P (%)
. ¢ R
NTAEO0+8)py (1)
,  ¢(l+r) R
N 00O R (20)

There is one firm which jointly produces tradable and non-tradable
goods. We suppose that wages and capital good prices are exogenous and
the capital depreciation rate equals 1. So, firm maximizes at each period its

profit. At period 1, its demands for labor and capital inputs L., L%, K&, K&,
are solutions to the problem:

max { ph Fr(Ly, K3) + pFw(Ly, Ki) = w(Ly + L) — e(Kh + Ky} .
We assume that
Fr(L,K)= ApL*K”,
and
Fn(L,K) = AyL°KP,
witha+ 8 <1,a>0,8 > 0.

We define
At
a=—
Ay
and at period 7, the equilibrium exchange rate e; by
€; — pTT
PN
9
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It is easy to find that the demands for labor and capital satisfy the
following relations for every period :

K],LV 1-3 _L31 «
€0 (K%) (Lﬁv =1, (21)
i\ 5 i\ o—1
Ky L _
i) (7) - )
The productions of tradable and non tradable goods at period 7 are:
i ivo [ 7mi \P
Yi = Ar(L)* (K5) (23)
i i v (i \?
Yy = An(Li)" (Ky) (24)

We assume that all the markets clear. We also assume that labor and
physical capital supplies are exogenous.

We have

ey = Yy, (25)

cy =Yy, (26)

ch+ XL =Y} + ML, (27)

a4+ X2 =Y2+ M2, (28)

KL+ KL =1, (29)

K:i+K%=1, (30)

Ly+Ly=1, (31)

L2+ 13 =1. (32)

We refer to equations (25),...,(32) for the internal equilibrium. For the
external equilibrium, we impose the following relation:

10
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A
Pr(Mp — Xp)+ ——pp(M; — X7) = —— [Pt Y7 = A Ya].  (33)

1+7r 1+7r
The parameter A is exogenous. It expresses the norm of the deficit over

GNP.

Proposition 1 (Ezxistence of unique equilibrium exchange rates)

Assume A6 < lcﬁ. Then the equilibrium exchange rates ey, es are unique.

Proof. is easy to check that for every date 7 :

1 a+3
(e;a)T—oP ]
- 1 Y

Yi=Ar -
1+ (eia) 1-—a—p

1 ot
Yy=Ay |————— : (35)
)1*&*5

1+ (e;a

We also have

Yl Y2

eV + e—N) +(1+ Nea (Y2 + e—N)] :
1 2

2

where 7 = =F.
We obtain

ch 1 e
—T
& 6(1+r)ey’

11
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a+3
Yy |1+ (ega)lfifﬁ
Yy 1+ (ela)lfifﬁ
From equations (25),(26), we have:
a3
ela T |1+ (ega)lfifﬁ
€20 5(1 +T) 1+ (61&)1*5*5 s
or equivalently
.
Y(z1) (5(1 T r)) = ¥(22), (36)

with ¥(z) = 1 ?(1 + 2)*"¥ which is an increasing function, and
1

x; = (e;a)T=o=R,

We have

1+x)‘”ﬁ

va=@ra (1) a9

and

a+5-1
Vi) =@+ Bi-a-8) (1) S(—-1)<0

Hence, is concave.
Now consider equation (33). Replacing ¢, ¢, by their formula, we ob-

tain: Iy 1 2
1 TUT Ay Yy T Yy
C(YT - 1+r YT) el - 1+7 e (1 )\C)

Replace Y}, Yy by their expressions given by equations (34),(35), we

obtain:
(ela)l’;*" +6(1+ A)(ega)T=o=F = 12__5 — )6,
or s
SRl A6, (37)

1+ 6(1+ Nz = c

with, as above, x; = (eia)lfifﬁ. We have from equations (36), and (37):

12
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T 146
V(z2) = (5(1+T)>¢( c — A6 —6(1 + A)z2) (38)

The first member of equation (38) is increasing in x5 while the second

member is increasing. Moreover, since 1/(0) =0 < (5(117‘)) ¢(1<ﬁ — o), and

w(lgff f/(\)‘s ) > 1(0), there exists a unique solution to equation (38). H

Proposition 2 Assume as before that \o < % Then

(1) When a increases, the equilibrium exchange rates are lower for every
period.

(2) When the interest rate increases, then the equilibrium exchange rate
of the first period increases, and it decreases at the second period.

(3) If ¢ increases (the consumer prefers more the non-tradable goods)
then the equilibrium exchange rates become lower for the two periods.

(4) If X increases (the norm of deficit is higher), then the the equilibrium
exchange rates become lower for the two periods.

(5) Strengthen condition Ao < lcﬁ mn A< % If we increase O (the con-
sumer prefers more the future), then the equilibrium exchange rate increases
at the first period and decreases at the second period.

Proof. The solutions (x1,z2) = (e1a, esa) depend only on the parameters
A6, C, 7,r. Hence, if a increases, then e, es decreases.
(2) Differentiate equations (37), (38) with respect to x1,x2 and r. We
then obtain
dxi +6(1+ A)dze = 0,

/ T / [ T_
Obviously % >0, % < 0.
(3) Differentiate equation (38):
, T(1+AN) __(1+6)T ,
[¢ (z2) + WTP (5101)] dry = 7&2(1 _ T)¢ (z1)dC.

13
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Differentiate equation (36):

! T Y
Y'(x1) (6(1 n r)) dry = V' (z9)dxs.

It is obvious that 88—’22 <0, 88—’? < 0.

(4) Differentiate equations (36), (38). Then

T

¢/(!E1) (m) d!El = ¢/(!E2)d$2,

and

, T(L+A) , T
[¢ ($2) + (1 T T) ¢ (xl)] d:ch = —1 n T(l -+ xg)dA
Hence, 222 < 0,221 ~ Q,

e BN
(5) Differentiate equations (37), (38). Then

dzy + 6(1+ A)dzy = 0,

and
T(1+A)

(1+r)

We obtain % >0 and % < 0.
(6) Differentiate as before equation (38):

U(x1)
S(1+7)

[W(@) + ¢/($1)] dzy = dr.

T(1+A)
(1+7)

[¢/(x2) + ¢/($1)] d:ch = ﬁ [—%¢($1) -+ (% — A= (1 -+ )\)$2)¢/($1) do.

Since 9" < 0, we have

Bz - «p(%) = (@) (@1 — %) - ¢’<x1><§ SN 8(1 4+ M)

Hence

1

- _57?(% o) S (A= (1= Ne (o).

6 ¢

) > =

Therefore % < 0.

14
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Now differentiate equation (37). We obtain
dz, = (% — A)dd — 6(1 4 A)dz,.

We conclude that % > 0.

The objective of this paper has been to analyse the determination of the
level and the time path of the equilibrium exchange rate in the context of
a simple general equilibrium framework based on two sectors and two peri-
ods. The equilibrium exchange rate was defined as the real exchange rate
consistent with internal equilibrium (in terms of nontradables market equi-
librium) and external equilibrium (in terms of sustainable trade balance).
This model has allowed us to identify several determinants of the level and
the time path of equilibrium exchange rate: supply-side factors, demand-
side sectors and the trade deficit target. In particular, the appreciation of
the equilibrium exchange rate over the two periods can be explained by
a productivity shock in the traded-goods sector (Balassa effect), a rise in
the individual’s preference to consume nontradables and a rise in the trade
deficit target. W
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