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M. C. Le Van directeur de recherche au CNRS

M. J. Mazier professeur à l’université Paris XIII

M. A. Sand-Zantman professeur à l’université Lyon 2 Rapporteur
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Introduction

Le débat sur les facteurs de croissance est toujours vivace alors que la problématique

est ancienne. On peut la retrouver chez Smith (1776) dans la Richesse des Na-

tions. Cette thèse aborde le sujet avec deux approches légèrement différentes. La

première insiste sur les facteurs augmentant l’offre. La deuxième accorde de l’im-

portance aux facteurs jouant sur la demande, plus précisément sur les échanges

extérieurs.

The premier chapitre fait une brève revue de littérature sur quelques modèles de

croissance économique et nous mettons l’accent sur leur applicabilité aux pays

en développement. Nous avons choisi d’abord les modèles de Harrod, Domar,

Solow-Swan. Ces derniers, qui ne sont pas des modèls de croissance optimale, ont

quand même montré que la croisance est très fortement dépendante du progrès

technique. Leurs défauts est de supposer que, d’une part le taux d’épargne est

exogène, et d’autre part le taux de croissance est aussi exogène au modèle.

Le modèle de Ramsey est ensuite utilisé pour endogénéiser le taux d’épargne. Dans

ce modèle, on suppose l’existence d’un planificateur social qui maximise l’utilité

intertemporelle d’un consommateur représentatif sous les contraintes d’égatilité

entre l’offre et la demande sur le marché d’un bien agrégé (de consmmation et de

capital). Dans ce modèle, pourvu que le pays possède un capital initial non nul,

le sentier de croissance des stocks de capital optimaux de ce pays converge vers

une valeur stationnaire où la productivité marginale du capital est égale au coût

d’investissement. Fondamentalement, si le modèle de Ramsey résoud le problème

de l’exogénéité du taux d’épargne, il ne résoud pas celui du taux de croisssance

qui dépend toujours de la TFP qui reste exogène.

Cela a conduit à l’apparition des modèles dits de croissance endogène. Dans le

modèle ”learning by doing”, le coût de production de l’entreprise diminue avec

la production accumulée grâce au processus d’apprentissage. Comme résultat la
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production accumulée de l’économie converge vers l’infini. Ce qui est intéressant

est que le profit est supérieur en présence du processus d’apprentissage à celui

sans apprentissage.

Lucas (1988) propose un modèle de croissance où d’une part, le facteur travail

dans la technologie de production dépend de la qualité de ce travail qui se forme

à travers l’éducation ou les stages et d’autre part, la productivité dépend aussi

de cette qualité du travail. Autrement dit, ce qui est important est le capital

humain. Celui-ci s’accumule grâce à une technologie avec comme input le temps

que le travailleur consacre à se former. Comme résultat, on obtient une croissance

sans limite de la production (croissance à taux constant).

Romer (1986) propose un modèle de croissance optimale où la production du bien

agrégé dépend du stock de connaissance de l’économie. Ce stock a aussi un effet

externe sur la productivité. Romer postule que le taux de croissance du stock

de connaissance dépend positivement du montant de l’investissement que le pays

consacre à ce sujet. Comme résultat, on obtient une croissance sans limite.

Une des thèses de l’économie du développement est que les exportations ont un

rôle très important dans la croissance. Souvent, sont cités comme exemples d’un

tel développement les pays du Sud-Est asiatique. Or Rodrick (1995) conteste cette

idée. D’après lui, la croissance des pays comme Taiwan ou la Corée du Sud est

dûe à l’abondance du facteur travail à bon marché. Nous présentons un modèle

simple qui montre que les exportations peuvent jouer un rôle moteur dans la

croissance pour un pays en développement.

Nous abordons aussi dans ce chapitre, le problème de la convergence des différentes

économies. D’après le modèle de Ramsey, les pays convergent vers un même état

stationnaire si ils ont les mêmes techniques de production et le même degré d’im-

patience. Or les travaux empiriques de Barro et Sala-i-Martin montrent que ce

n’est pas ce qui se passe dans la réalité. Ils avancent l’idée de la convergence

par groupe de pays. Par ailleurs, on observe que certains pays ne décollent pas.

Nous présentons le modèle que Dechert et Nishimura (1983) avec une production

convexe-concave (la partie convexe de la fonction de production correspons à des

coûts fixes). D’après ce modèle, on a une trappe de pauvreté, c’est-à-dire un seuil

de resources minimales pour pouvoir ”décoller”. Cette idée de coûts fixes a été

reprise dans Le Van et Saglam (2004) pour montrer que si la technologie de for-

mation de la connaissance du modèle de Romer n’est pas ”très bonne”, le pays

n’investissera pas dans la connaissane et le pays ne ”décollera” jamais.
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Dans le second chapitre, nous nous posons le problème de savoir si un pays en

développement peut produire de la nouvelle technologie qui sera utilisée comme

bien intermédiaire qui améliorera la productivité du secteur des biens de consom-

mation. Nous présentons un modèle d’un pays en développement qui importe

du capital physique pour produire le bien de consomation et/ou du capital Nou-

velle Technologie pour produire le bien Nouvelle Technologie. Le secteur Nouvelle

Technologie a besoin de travailleurs qualifiés. Le capital humain dans ce secteur

dépend du montant consacré à sa formation. Le problème consiste à trouver des

parts optimales de capital physique, capital Nouvelle Technologie et de dépenses

pour la formation du capital humain. A chaque date, le pays exporte du bien

de consommation pour importer du capital physique, du capital Nouvelle Tech-

nologie et pour les dépenses en formation du capital humain. Comme résultats

principaux nous avons :

(i) Si la ressource initiale du pays est faible (mais non nulle), le pays commence

d’abord par investir uniquement en capital physique.

(ii) Si la productivité du secteur Nouvelle Technologie est bonne, ou si le nombre

de travailleurs qualifiées est assez élevé, il existe une date T1au delà de laquelle

le pays investira à la fois en capital physique et en capital Nouvelle Technologie.

Avant cette date, le pays investira uniquement en capital physique.

(iii) Si la qualité de la formation en capital humain est extrêment bonne, le pays

investira en capital dès qu’il investit en capital Nouvelle Technologie.

(iv) Si la qualité de formation en capital humain est médiocre il existe un délai

pour s’investir en capital humain. Autrement dit, il existe une date T2 > T1, au

delà de laquelle le pays va investir à la fois en capital physique, capital nouvelle

technologie et capital humain.

(v) Enfin, à long terme, la part consacrée au capital devient prépondérante par

rapports aux autres parts. Il est intéressant à noter que la part consacrée au

capital nouvelle technologie et au capital physique, dans le long terme, est plus

grande que celle consacrée au capital physique. Ces résultats semblent confirmés

par les résultats empiriques de Lau et Park (2003).

La thèse change ensuite de direction dans les deux chapitres suivants. Elle discute

maintenant de l’ouverture d’un pays vers l’extérieur qui sans aucun doute, a

contribué au ”décollage” d’un certain nombre de pays. Nous nous tournons vers

le rôle des échanges extérieurs, ou plus précisément du rôle des taux de change.
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Dans le chapitre trois, notre objectif est de déterminer le niveau et la trajectoire

du taux de change d’équilibre pour des pays émergents en utilisant un modèle

d’équilibre général à deux périodes. Le taux de change réel d’équilibre est défini

comme le prix relatif entre biens échangeables et biens non échangeables qui est

compatible avec l’équilibre interne sur les biens non échangeables et l’équilibre

externe sur le bien échangeable. Ce dernier est défini en imposant une norme de

déficit extérieur à la fin de la deuxième période. Nous avons des résultats suivants :

(i) Un choc positif de productivité dans le secteur des biens échangeables conduit

à une appréciation du taux de change (effet Balassa).

(ii) La préférence pour les biens non échangeables joue en faveur de l’appréciation

du taux de change.

(iii) Si le taux d’intérêt augmente, le taux de change se déprécie en période 1.

Ceci permet un gain en exportations qui conduit le pays à apprécier son taux de

change en période 2.

Le chapitre 4, qui est le dernier chapitre de notre thèse, concerne le taux de

change fondamental d’équilibre (FEER) qui est basé sur la notion d’équilibres

interne et externe. Cette approche améliore l’approche par la Parité du pouvoir

d’achat pour identifier le ”bon” niveau du taux de change d’équilibre. En ef-

fet, il prend en considération l’importance des variables macroéconomiques de

l’économie. La méthodologie s’inspire de celle de Couharde et Mazier (2001), Bo-

rowski et Couharde (2000) et Jeong et Mazier (2003). Mais nous ajoutons de

nouveaux ”ingrédients” :

(1) l’équilibre des comptes courants sont déterminés en estimant les déterminants

structurels du compte courant (démographie, étapes du dévelppement du pays

concerné, investissments directs étrangers, déficit public, actifs nets venant de

l’étranger...).

(2) le modèle décrivant les échanges extérieurs tient compte des relations entre

les ”gros” partenaires commerciaux de cepays. Le reste du monde est modélisé

explicitement. Nous incorporons également dans ce modèle les effets du service

de dette externe.

(3) Les tests de sensibilité sont effectués sur les cibles adoptées (compte cou-

rant, équilibre interne) et sur certains paramètres comme les élasticité-prix des

fonctions de commerce extérieur.
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Ce modèle est utilisé pour évaluer, sur les années 90, les taux de change d’équilibre

Yuan/dollar, Dong/dollar et Yuan/dong en terme réel et nominal. Il est intéressant

de voir que le taux de change vietnamien ne dévie pas beaucoup de son taux

d’équilibre, vis à vis du dollar, mais de façon significative vis à vis du yuan.





Chapitre 1

Quelques facteurs de la

croissance économique : les

enseignements des modèles

T.B Luong

CEPN Université Paris 13



1 Introduction

Adam Smith (1776), Ricardo (1817), Malthus (1798), Ramsey (1928), Young

(1928), Knight (1944), Schumpeter (1934) are at the origin of a great number of

basic concepts for modern theories of the growth : imperfect competition, dynamic

analysis of equilibrium, role of decreasing returns, interaction between income per

capita and population rate of growth, technical progress...

The first generation of the growth theories belongs to the classical school. The

classical economists were very interested in the economic growth - ”progressive

state” of Adam Smith. According to Smith, the principal sources of growth are

(1) labor and capital, (2) improvements in efficiency with which the capital is

combined with labor by a greater division of labor and by technological progress,

and (3) the external trade which enlarge the market and reinforce the two sources

of growth. Once started, the growth process becomes self-sustained. As long as

the growth of wealth promotes the profits, there are savings and additional capital

accumulation, and consequently more growth. And with the capital accumulation,

the labor demand rises as well as increasing labor force is absorbed in productive

employment. Smith equally attributed the overwhelming importance of the labor

division, in the broad sense of technical progress. The division of labor necessitates

the improved efficiency of the labor and the increasing specialization leads to the

rise the output per capita. The labor division increases the wealth that, in turn,

enlarges the market, allowing the labor division to be brought further ahead. If

the capital accumulation, division of labor, and external trade are the sources

of economic growth of a country, then the growth could be promoted by the

enlargement of the market institutions and the competitive activities.

Though lacking of analytical bases, some of the Smith’s insights maintain the

pertinence (Meier, 1995). For Smith and the modern economists, the growth is the

result of a logical process. They search for some laws and generalizations. They

emphasize on capital accumulation as driving force in the growth process. So,

they concentrate on the productivity. They are equally interested in possibilities

of development based on external trade. And in the first line of discussions, they

seek to find an appropriate link between the confidence in the market price system

and the dependence with regard to the action of government.

Another group of the growth theories is the one of the neoclassical economists.

The avant-garde of the economic growth models in this bank is the one of Harrod
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and Domar who occupied a central place in the end of the 1940s and beginning

of the 1950s. Its dominant characteristic which is also its flaw as growth theory

was the acceptation of a strict link between the growth of capital stock on the

one hand and the growth of potential output on the other hand (i.e. fixed ratio

of capital-output). If the conditions of demand were adequate, according to the

model, the only bottleneck to the growth was a lack of productive equipments. In

this sense, the accumulation was the final source of economic growth. That left,

naturally, little place for other factors and forces in the growth process.

A qualitatively important jump was made by Solow (1956). On the theoretical

side, the model of Solow shows development of concept of the global production

function, containing the factors other than the physical capital. The increases in

any factor lead to increase in output in accordance with the marginal produc-

tivity of this factor. The interesting discovery owed to this model is that when

the factor incomes (hourly wages, outputs per unit of capital ...) are utilize as

measures of the contribution of the productive factors to the economic growth

process, an substantial quantity of growth, considered as ”residual”, is remained

not explained. The residue was considered from the beginning as coefficient of

technical progress (since it measured effectively the growth of output per unit of

input) but it was quickly identified as a compound of effects of many factors : (i)

improvement of labor quality by education, experience, and on-the-job training ;

(ii) redistribution of resources, going from utilization of low productivity to the

one of high productivity ; (iii) exploitation of economies of scale. All that is not

to deny the fact that the residual is left as block explaining the economic growth

process across the countries.

The starting point of the modern growth theory is the model of Ramsey (1928)

who is ahead of his time. Harrod (1939) and Domar (1946) attempted to reconcile

the Keynesian analysis with certain elements of the economic growth (instability

of capitalist system, razor wire). Solow (1956) and Swan (1956) reconsider the

Harrod-Domar model with a production function of neoclassical type. They ob-

tain that we can have convergence towards a growth state at constant rate. Cass

(1965) and Koopmans (1965) reintroduce the analysis of consumer intertemporal

optimization in the neoclassical growth model, thus allowing an exogenous deter-

mination of the saving rate. This model, in discrete time, is popularized under

the name of Ramsey model. But all of these models encounter a problem : the

rate of growth, in the long term, is determined by the growth rate of technical

progress.
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Integrating the technical progress in the neoclassical framework is difficult be-

cause it is incompatible with the postulates on competition. In fact, the technical

progress supposes the creation of new ideas which are partially non-exclusive (all

can use them). If the factors of usual production (labor, capital, land) can be

considered as exclusive, we can then have the increasing or decreasing returns.

But since the ideas, which are indivisibles, are introduced as factors of produc-

tion, the returns of scale tend to become increasing. But this is incompatible with

the perfect competition. In fact, in perfect competition the firms maximize their

profits, the price of product is given. But, suppose that a firm discovers an idea

that immediately spread in the society. All other firms utilize it without paying

fee. So that the first one may find it unbeneficial to make discoveries. For this

firm, with the increasing returns, the marginal cost is inferior to average cost

and its profit will be negative. Arrow (1962) and Sheshinsky (1967) elaborated

models in which the ideas are the by-products of production or of investment by

the process called ”learning by doing”.

Following the works by Cass and Koopmans, the growth theory became exces-

sively technical and lost all connection with the empirical applications. On the

contrary, the development economists whose work consists of giving advices to

the countries in difficulty always kept a more applied point of view appealing

to the models technically less sophisticated but empirically useful (e.g. export

strategy versus import substitution, influence of exchange rate, role of debt, aid

for development, and FDI...).

Since the mid of the 1980s, the research on economic growth witnessed new deve-

lopment, thanks to the works of Romer (1986) and Lucas (1988). In these models,

we come out of neoclassical yoke where the growth per capita only depends on the

rate of technical progress. The long term rates of growth can depend on internal

variables of the model. (which gives the name endogenous growth). The diffusion

of know-how among producers and external benefits of human capital can make

obstacle to decreasing returns of the accumulated capital.

The new growth theories, developed by Romer (1986, 1990) and Lucas (1988),

are seen as ”remedy” to divergences of the neoclassical theories of growth. These

new theories examine the production functions whose increasing returns because

of specification and investment in the ”knowledge”. The technological progress

and human capital formation are endogenous in the growth models. The new

knowledges are produced in investing in the research sector. The residue of tech-

nical progress is explained by the endogenous formation of human capital. The
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knowledge, treated as public good, has spill-over effects and generate increasing

returns. That in turn allows investment in knowledge to last indefinitely and to

maintain the long term growth of income per capita. An implication is that the

government can promote growth in providing incentives to agents in the sector

producing knowledge and in the sector having intensive human capital.

In Romer (1987, 1990), Grossman and Helpman (1991), and Aghion and Howitt

(1992), the technical progress results from R&D activity in the presence of imper-

fect competition. The technical progress leads to the creation of new goods and

methods of production. But due to of market distortions, the growth rate cannot

remain positive in the long run unless the economy is associated with some vital

aspects such as provision of with infrastructure services, protection of intellec-

tual property rights, maintenance of law and order, regulations of international

trade... As a result, the government potentially possesses an influence on the long

run rate of growth.

The developing countries can be equally aided by the international transfer of

technology. In Romer’s analysis, the knowledge obtained by investment in the

research exhibits increasing marginal productivity so that the income per capita

and the output to capital continue to increase. In Lucas’s analysis, the endogenous

technical change has a ”growth effect” beyond the simple ”level effect” of the

learning by doing models.

For the developing countries, the implication of the new growth theories is to

stress more on the human capital, more than on the physical capital, and to

emphasize on advantage of the exchange of ideas with an open economy. The

empirical studies suggest equally that the new endogenous growth models are

more in conformity with the diversity of rates of growth among the countries

during the last three decade than the neoclassical growth models. The human

capital and increasing returns are equally to linked to the question of convergence

between rich and poor countries. In this regard, the new growth theories imply

the possibility of long-lasting differences in the levels and rates growth of the

national incomes.
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2 Some selective models of economic growth

We are going to present (1) the growth models of Harrod, Domar, and Solow-

Swan, (2) the model of Ramsey and its extension with technologies related to fixed

costs (3) some models of endogenous growth (learning by doing, human capital

and knowledge), (4) a model on the role of exportation on economic growth.

2.1 Harrod model

We consider a closed economy where the agents live for an infinite number of

periods. At each date t, output is Yt, stock of physical capital is Kt, savings is St,

investment is It, and labor is Lt.

We suppose that the savings equals the investment in each period and the savings

rate is constant. This allows us to write :

St = It (1.1)

St = sYt (1.2)

Besides, the depreciation rate of capital δ ∈ [0, 1] :

Kt+1 = (1− δ)Kt + It (1.3)

We also suppose that labor grows at a constant rate n :

Lt = L0(1 + n)t (1.4)

In this model, we suppose that production technology is of Leontieff type :

Yt = min

{
Kt

v
,
Lt

α

}
(1.5)

The rate of growth g of equilibrium growth path can be calculated easily. It is

given by :

g =
s

v
− δ ≤ n
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If K0 > 0 is the initial value of the stock of capital, we have : Kt = K0(1+g)t. The

initial values of other variables are equally obtained : Y0 = vK0, I0 = S0 = sY0.

We remark that the rate of growth g is greater given that the savings rate is high

and the capital productivity is important. Suppose that δ = 5%, v = 2. To have

a growth rate of 9% (like for China), it needs a savings rate s of 28%.

Finally, notice that each initial value of the stock of capital corresponds to an

unique path of growth at constant rate. In other words, two countries that have

different levels of initial wealth will never join up.

2.2 Domar model

The model structure is identical to the Harrod one except that the production

function will be replaced by an investment function :

It = v(Yt+1 − (1− δ)Yt) (1.6)

We remark that the production function of the Harrod model implies the invest-

ment function of the Domar model. Effectively, we have :

Yt+1 − (1− δ)Yt =
Kt+1 − (1− δ)Kt

v
= It

If Ct is the consumption, we write

Yt = Ct + It

with Ct = (1− s)Yt, we know the multiplier-accelerator model.

This is a dynamic model for two variables Yt, Kt. We need to give the initial

values Y0, K0. The solution is

Yt = (1 + g)tY0

with, like in the Harrod model, g = s
v
− δ. On the other hand, Kt doesn’t grow

at constant rate :

Kt = (1− δ)t(K0 −
sY0

g + δ
) + (

sY0

g + δ
)(1 + g)t
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However, when t→∞, we have Kt

Yt
→ v. The Domar model, asymptotically, is the

Harrod model. Lastly, we have the result that two countries that have different

levels of initial wealth will never join up.

2.3 Solow-Swan model

The theoretical framework is the one for the Harrod model, but the production

function is replaced by a Cobb-Douglas function :

Yt = a(1 + γ)tKα
t L

1−α
t , α ∈ (0, 1) (1.7)

The equation (3.18) becomes :

Kt+1 = (1− δ)Kt + sa(1 + γ)tKα
t L

1−α
t (1.8)

This model can lead to a dynamic system in Kt. We need to have only one initial

valueK0. The other initial values can be deduced easily with Y0 = aKα
0 L

1−α
0 ,

S0 = I0 = sY0.

We search for the growth path at constant rate. We want to have a solution of

the form Kt = Ks(1 + g)t.

We find easily

1 + g = (1 + n)(1 + γ)
1

1−α (1.9)

The value Ks is given by

Ks =

(
sa

g + δ

) 1
1−α

L0 (1.10)

We see that the growth rate depends positively on the growth rate of progress

techniques. Moreover, the savings rate has positive effect on the level of capital

stock.

To study the dynamic behavior of Kt, we introduce a variable, say stationalized,

by dividing Kt by its temporal trend. In other words :

K̂t =
Kt

(1 + g)t
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From boring calculations we obtain the dynamic equation

K̂t+1 = Φ(K̂t)

with

Φ(k) =
(1− δ)k + saL1−α

0 kα

1 + g

The function Φ is strictly concave, strictly increased with Φ′(∞) = 0. We show

that if K0 < Ks, then K̂t converge in increasing towards Ks, and if K0 > Ks,

then K̂t converge in decreasing towards Ks.

This result can be generalized with a concave function of production with constant

returns. The concavity of the technology allows us to have a result which is com-

pletely different from the one of Harrod. In the long run, the economy converges

towards a growth path at constant rate. At identical technologies, two countries in

different levels of initial resources, given that they are greater than zero, converge

towards the same state of equilibrium growth.

2.4 Ramsey model

The Ramsey model was written in continuous time with a psychological rate of

interest that equals to zero. The discrete version of this model was studied by

Gale (1967), Brock (1970) and later by Dana and Le Van (1990, 1993).

Cass (1965), Koopmans (1965) supposed a discount rate that is different from

zero and worked in continuous time. The discrete version of their work is now

known as the model of Ramsey in discrete time.

We consider an economy in which, at each period t, we have Lt identical consu-

mers. We suppose, like in the Harrod model, that the number of consumers (who

are also the workers) increase at a constant rate n. In other word, we have

Lt = L0(1 + n)t. In this economy, a social planner seek to maximize utility of

these workers :

maxL0

+∞∑
t=0

(1 + n)t

(1 + ρ)t

cσt
σ
, σ < 1
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where ct is the consumption of an individual, ρ is the interest rate. To simplify,

at first in our presentation, we suppose that the utility function is iso-elastic.

We suppose that there exists only one good which serves sometime for consump-

tion and investment. The production function is of the form

Ft(Kt, Lt) = A(1 + γ)tKα
t L

1−α
t , α ∈ (0, 1) , γ ≥ 0.

The equality between supply and demand of this good is written as follows :

Ltct + It = Ft(Kt, Lt)

where It is the investment and written in the form

It = Kt+1 − (1− δ)Kt

Here, Kt is the stock of physical capital available at the period t. The parameter

δ is the depreciation rate of capital and consequently lies between zero and 1.

We refer the capital per capita to kt, we obtain :

ct + kt+1(1 + n) = A(1 + γ)tkα
t + (1− δ)kt

It is obvious to see that we can get a solution (for the variables per head) that

grows at a constant rate g which is equal to (1 + γ)
1

1−α .

We introduce the deduced variables of the temporal trend (1 + g)t. We define

k̂t = kt

(1+g)t , ĉt = ct

(1+g)t . The model becomes

maxL0

+∞∑
t=0

(1 + n)t

(1 + ρ)t
(1 + g)σt ĉ

σ
t

σ

subject to the constraint

ĉt + k̂t+1(1 + n)(1 + g) = Ak̂α
t + (1− δ)k̂t

Define c̃t = bct

(1+n)(1+g)
, (1− δ′) = 1−δ

(1+n)(1+g)
, A′ = A

(1+n)(1+g)
. The model becomes

max
+∞∑
t=0

βt c̃
σ
t

σ
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with β = (1+n)
(1+ρ)

(1 + g)σ, subject to the constraint

c̃t + k̂t+1 = A′k̂α
t + (1− δ′)k̂t.

The economy ”start” with a stock of initial capital k0 > 0. We have to suppose

that β < 1.

The general form the Ramsey model will be :

max
+∞∑
t=0

βtu(ct)

subject to the constraint :

ct + kt+1 = F (kt) + (1− δ)kt

where F is the production function which is strictly concave, and u is the function

of instantaneous utility of the representative consumer.

We make the following assumptions (see Le Van and Dana for a complete study

on Ramsey model) :

1. The utility function u is strictly increased, strictly concave, differentiable,

u(0) = 0, u′(0) = +∞ ;

2. The production function F is strictly increased, strictly concave, differentiable,

F (0) = 0, F ′(∞) = 0.

The main result of this model is as follows :

a. If the production function satisfies F ′(0) ≤ 1
β
− 1 + δ then the sequence of

optimal capitals converges monotonically towards zero. The sequence of optimal

consumptions converges towards zero too.

b. If F ′(0) > 1/β−1+δ and if the stock of initial capital k0 is strictly positive, then

the sequence of capital stocks converges towards a stationary state ks defined by

F ′(ks) = 1/β − 1 + δ. Likewise, the sequence of optimal consumptions converges

towards a stationary value cs = F (ks)− δks that is strictly positive.
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How to interpret this stationary state ? If we suppose that β = 1/(1 + r) where r

is the interest rate, then F ′(ks) = r+δ. In other word, the stationary state corres-

ponds to ”non-arbitrage” situation for the producer : the marginal productivity

equals to investment cost.

In summary, the Ramsey model succeeded to endogenize the savings rate but did

not resolve the question about the exogenity of the economy’s growth rate. We

see that the growth rate depends on rate of growth of technical progress. The

task of these models of endogenous growth models is to explain this rate.

It is also pointed out that a lesson of Ramsy model with technology of decreasing

growth is that all countries, having the same technology, converge to the same

state of development if their initial dispositions in capital are non-zero.

This result is challenged by Dechert and Nishimura (1983) who suppose that the

production function is convex for weak values of per head capital and concave af-

terwards. This technology can be explained, according to Skiba (1978), Azariadis

(1996), Askenazy and Le Van (1999), by the presence of fixed costs, particularly

for a developing country.

The main result is as follows :

a. If F ′(0) > 1
β
− 1 + δ, then, like in Ramsey model, the sequence of optimal

capitals converge towards the stationary state ;

b. If F ′(0) < 1
β
− 1 + δ, then there exists a critical value kc such that : if k0

< kc, the sequence of optimal capitals converge towards zero, and if k0 > kc, the

sequence optimal converges towards stationary state.

The critical value kc is interpreted as the threshold of the ”poverty trap”.

Askénazy and Le Van (1999) in a model of the Dechert-Nishimura type, but in

open economy and continuous time, obtained the same result and showed that the

external debt or development aid can allow a poor country to join the stationary

state in increasing its initial disposition thanks to either international aid or

borrowing.

Note that up to now we only consider models of one sector. In the presence of

several sector, the dynamics in Ramsey model becomes more complex. Here are

some examples. Benhabib and Nishimura (1985) showed that it exists, for a set

of values of parameters, the cycles of order 2 in a closed economy that produces
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a consumption good and a capital good. The sector of consumption good has

Cobb-Douglas technology, while the one of capital good has Leontieff technology.

A necessary condition of existence of the cycles of order 2 is that the capital

intensity of the consumption good sector is greater that of capital good sector.

Boldrin and Montrucchio (1986) showed that if the discount factor β is close

to zero, we could find a model of two sectors so that the sequence of optimal

capital stock has a ”chaotic” behavior. Santos (1991) and Levan and Morhaim

(2005), on the other hand, points out that for all model of optimal growth with

several sectors, it exists a limited value βc of discount factor such that β ≥ βc, all

optimal sequence, starting off a strictly positive initial stock of capital, is going

to converge towards a stationary state. In other word, if the agents have firm a

firm confidence in the future, the economy won’t have cycle behavior or chaotic.

2.5 Model of learning by doing

We consider a monopoly whose the function of unit cost is an accrued production

function at date t, that is to say the cost ct is expressed as

ct = γ(Qt), with Qt = Qt−1 + qt−1

where qt is the production at date t. The learning by doing assumes that the

function γ is decreasing. We suppose that γ(0) = c, and γ(∞) = c
−
> 0. In

classical way, we suppose that the price is given by an inverse demand function φ

which is strictly decreasing such that the function qφ(q) must be strictly concave,

and +∞ > φ(0) > c, φ(∞) = 0. In other word, the price is greater than the cost

for small quantities of production and smaller in the opposite case. We also make

the assumptions of differentiability. The monopoly maximizes his intertemporal

profit :

V (q0) = max
∞∑

t=0

βtqt

[
φ(qt)− γ(

t∑
s=0

qs)

]
, 0 < β < 1

that is to say, since Q0 = q0

V (Q0) = max
∞∑

t=0

βt [Qt+1 −Qt] [φ(Qt+1 −Qt)− γ(Qt)]

under the constraints :

0 ≤ Qt ≤ Qt+1, Q0 is given.
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The value function V verifies the Bellman equation :

V (Q) = max
z≥Q

{(z −Q) [φ(z −Q)− γ(Q)] + βV (z)} (1.11)

that also has an equivalent form :

V (Q) = max
y≥0

{y [φ(y)− γ(Q)] + βV (Q+ y)} . (1.12)

We can show that the derivative of V exists and is positive. Starting from Q0, the

optimal value Q1 is a function of Q0, Q1 = ϕ(Q0). The sequence of the optimally

accrued productions is (Q0, ϕ(Q0), ..., ϕ
t(Q0), ...) with ϕ2(Q0) = ϕ(ϕ(Q0)), etc...

We obtain the following results :

1. In taking into account of the future, we produce more.

In fact, in taking β = 0, we resolve the problem :

max
z≥Q

{(z −Q) [φ(z −Q)− γ(Q)]}

If z′ is the solution, we have :

[(z′ −Q)φ(z′ −Q)]
′ − γ(Q) = 0.

In taking into account of the future, we resolve :

max
z≥Q

{(z −Q) [φ(z −Q)− γ(Q)] + βV (z)} .

If z is the solution, we will have

[(z −Q)φ(z −Q)]′ − γ(Q) + βV ′(z) = 0.

As V ′(z) > 0, (this result utilizes the decreasing of the function γ, that is to say

the positive effect of learning by doing on the costs) it follows

[(z −Q)φ(z −Q)]′ < [(z′ −Q)φ(z′ −Q)]
′
.

By strict concavity of the function qφ(q), we obtain

z −Q > z′ −Q⇔ z > z′.
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2. The maximum profit is the bigger with learning by doing than without learning

by doing.

In fact, without learning by doing, that is to say the cost depends only on ins-

tantaneous production, the monopoly resolves :

W (q0) = max
∞∑

t=0

βtqt [φ(qt+1)− γ(qt)] .

The corresponding Bellman equation is :

W (q0) = max
z≥0

{z [φ(z)− γ(q0)] + βW (z)} .

The function W is the limit of sequence of the functions Wn defined by :

W0(q0) = max
z≥0

{z [φ(z)− γ(q0)]}

Wn+1(q0) = max
z≥0

{z [φ(z)− γ(q0)] + βWn(z)} .

With learning by doing, in taking the form (1.12), we have :

V (q0) = max
y≥0

{y [φ(y)− γ(q0)] + βV (q0 + y)} ,

we obtain that V is the limit of sequence of the functions Vn with

V0(q0) = max
z≥0

{z [φ(z)− γ(q0)]}

and

Vn+1(q0) = max
z≥0

{z [φ(z)− γ(q0)] + βVn(z + q0)} .

We have trivially, V0 = W0,V1 ≥ W1, ..., Vn ≥ Wn. In passing the limit, we obtain

V (q0) ≥ W (q0).

Observe that the optimal sequence (Q0, ϕ(Q0), ..., ϕ
t(Q0), ...) will converge to in-

finity. Indeed, using the Bellman equation (1.11), if ϕt(Q0) → Q when t goes to

infinity, we will get a contradiction 0 < V (Q) = βV (Q) with 0 < β < 1.
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2.6 Model of human capital

We present a version in discrete time of Lucas model (1988) which is in continuous

time.

We have one sector model. But the production function utilizes the physical

capital k, and effective labor N e. This labor is a combination of working time

and skill/qualification of worker. More explicitly, we suppose that there exists

N identical workers. Each worker has a level of skill h ∈ [0,+∞] and devote

a fraction θ of his available time to work and the remaining fraction 1 − θ to

training (accumulation of human capital). Consequently, the effective labour is

N e = Nhθ. Given k, h, θ,N, the production level is AhγF (k,Nhθ). The total

productivity is Ahγ. The term hγ expresses the external effect owed to human

capital.

We suppose that the growth rate of human capital depends through a function

G, of time devoted to training.

The model is written

max
+∞∑
t=0

βtu(ct)

under the constraints :

ct + kt+1 − (1− δ)kt ≤ Ahγ
tF (kt, Nhtθt)

ht+1 = htG(1− θt)

k0 > 0, h0 > 0 are given.

The function G is supposed to satisfy G′ > 0, G(1) = 1 + λ, and G(0) = (1− ζ).

Here we suppose that the minimum growth rate of human capital that corresponds

to minimal fraction (= 1) of available time is λ and that without training, the

human capital depreciates at the rate ζ.

Since the training of human capital is supposed to provoke the economic growth,

without loosing generality, we can suppose that the technology utilizes only hu-

man capital and that there isn’t external effect of human capital (γ = 0).

The model becomes

max
+∞∑
t=0

βtu(ct)
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under the constraints :

ct ≤ F (Nhtθt)

ht+1 = htG(1− θt)

h0 > 0 are given.

We suppose that u(c) = cσ/σ, with σ < 1 and F (L) = Lα, α ∈ (0, 1) and

G(x) = (λ+ ζ)x+ (1− ζ).

In utilizing the dynamic programming technics (see Stokey and Lucas (1989) and

Le Van and Dana (2003)), we find that the optimal sequence of human capital

has constant rate of growth : h∗t+1 = η∗h∗t with

η∗(
1

λ+ ζ
+ [(λ+ ζ)βAσ]

1
ασ−1 ) =

1 + λ

λ+ ζ

The optimal time of work is constant θ∗ = 1 − 1
λ+ζ

[η∗ − 1 + ζ] .The constant A

verifies

A =
θ∗ασ

σ

+∞∑
t=0

βtη∗ασt.

The product increases at the rate η∗σ. This rate η∗ will be greater than 1 if

[(λ+ ζ)βAσ]
1

ασ−1 < λ
λ+ζ

.

We want to show that because λ increases, that is to say because the quality of

training augments, the rate of growth η∗ increases too. We show, in supposing

for simplicity, that ζ = 0 (the human capital never depreciates).

We choose V to refer to value function of the problem, that is to say :

V (h0) = max
+∞∑
t=0

β,t u(ct)

under the constraints :

ct ≤ F (Nhtθt)

ht+1 = htG(1− θt)

h0 > 0 are given.

From the relation ht+1 = htG(1− θt), we define θt = Φ(ht+1

ht
) = 1 + 1

λ
(1− ht+1

ht
).
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We can show that V verifies the Bellman equation (see Stokey and Lucas (1989)

or Le Van and Dana (2003)) :

V (h0)= max
y

h0
∈[1,1+λ]

{
u(h0Φ(

y

h0

)) + βV (y)

}
.

With the assumptions on our functions u and G, we show that (see Le Van and

Dana (2003)) V (h0) = Ahασ
0 .

The constant A satisfied

A =

[
1 + 1

λ
(1− η∗)

]ασ

σ
× 1

1− β (η∗)ασ ,

where η∗ maximizes the function η ∈ [1, 1 + λ] → [1+ 1
λ
(1−η)]

ασ

σ
× 1

1−β(η)ασ . In

supposing β(1 + λ)ασ < 1 < β(1 + λ), we find

η = [β(1 + λ)]
1

1−ασ .

We find out that η increase with λ.

2.7 Romer model

We present now a version in discrete time of Romer model (1986) which is in

continuous time. For more details, one can refer to Le Van, Morhaim and Dimaria

(2002).

In this model, knowledges accumulated by agents constitute the basic form of

capital. It is supposed that the new knowledges are obtained by the technology

of research which is decreasing returns. But these knowledges cannot be kept

secret ; all new discover by one firm has positive effects on other firms. Thus, if

the output of a firm is decreasing returns, it exhibits increasing returns regarding

the economy’s stock of knowledges.

More precisely, we consider a closed economy with S identical consumers. N

individual firms have the technologies that depend on the economy’s total stock

of knowledges Kt. If kt is the knowledge stock of only one firm, we have Kt =

Nkt. The output of one firm is therefore F (kt, Nkt) at date t. Purchase of new
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knowledges is done through an amount It measured in consumption goods. We

have

kt+1 − kt = G(It, kt)

and

Sct +NIt = NF (kt, Kt),

where ct is the consumption at date t. To simplify, we suppose S = N. The

function G is supposed to be constant returns. It then follows :

kt+1 − kt

kt

= G(
It
kt

, 1) = g(
It
kt

).

The planner seek to resolve the following problem :

max
+∞∑
t=0

βtu(ct)

under the constraints

ct + It ≤ F (kt, Nkt) = F(kt),

kt+1 − kt

kt

= g(
It
kt

), k0 > 0 is given.

under the following assumptions :

1. The utility function u is continually derivable two times, u(0) = 0, u′(0) = +∞,

2. The function F is convex,

3. The function g is concave, derivable, g(0) = 0, g′ > 0, g′(0) = +∞, g(x) ≤ a,

for all x.

Under these assumptions, the optimal sequence of knowledges grows indefinitely

(the rate of growth is however limited by a).

In fact, one of the crucial assumptions to obtain this result is the Inada condi-

tion on the function g, g′(0) = +∞.This condition stipulates that quality of the

research technology is extremely high. Le Van and Saglam (2004) has questioned

this assumption and obtained a ”poverty trap”.
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In their model, they consider of a convex-concave individual production function

in a discrete time version for a developing country which has the form

F
(
k, k

)
= Ak

ρ
f (k) , ρ > 0

which is a liner function in an initial phase and concave afterwards

f (k) =

{
δk if k ≤ k

A+ kµ if k ≥ k
and h(Nk) = (Nk)ρ, ρ > 0

The individual firm with current stock of private knowledge kt, by investing an

amount It, will have rate of growth determined by

kt+1 − kt = G(It, kt)

where G is concave and homogenous of degree one and g′ (0) = 1
λ
, λ > 0.

The model allows to show that there exists a critical value of capital stock kc

and an initial stock k0 such that if 0 < k0 < kc then k∗t = k0 for every t and if

k0 > kc then k∗t converges to +∞. The critical value is affected by three factors :

initial stock of knowledge, quality of knowledge technology (1/λ), and the level

of fixed costs
(
k, δ

)
, which is typical for the developing countries, associated with

production. The quality of knowledge technology is the key factor that helps

the country not to fall into the poverty trap. We will come back later to this

question to talk about the opportunity for a developing country to invest in new

technologies.

2.8 Convergence among countries

The convergence implications in the neoclassical growth models of Solow-Swan

and Ramsey are of the interest of a number of empirical studies. Barro and

Sala-i-Martin (1995) and Barro (1997) consider empirical tests of determinants

of growth. By using the data of per capita growth rates from 1960 to 2000 for 40

countries they show that there is no tendency that the poor countries are catching

up with the rich ones which confirms the lack of absolute convergence across
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economies ; and this is still consistent with the neoclassical theory since these

countries converge to different steady states. Rather, they try to show that the

neoclassical growth models can predict conditional convergence, a concept that

relates a country’s level of growth and initial level of income or the fundamentals

of the economy (e.g. the total factors productivity - TFP-) to a negative partial

correlation between them. In other words, we may have convergence by groups of

the different economies. Barro and Sala-i-Martin then use an empirical framework

to test the conditional convergence hypothesis in which two sets of variables : state

and control or environmental are employed to explain the real capital growth rate.

The test’s results show that the higher initial level of human capital will allow the

country to converge faster to its steady state position. Also, these results seem

to suggest that the ratio of human capital to physical capital and technological

diffusion enhance the rate of growth.

These empirical results of absolute and conditional convergences are in accordance

with some explanations given by other researches. On the theoretical ground,

for example, a series of models with convex-concave technology of Dechert and

Nishimura (1983), Askenazy and Le Van (1999) and Le Van and Saglam (2004),

as mentioned before, show that there exists the poverty trap that might prevent

the countries converge to the same steady state but allow them to converge to

different levels of growth. Observe also that the Ramsey model can also explain

the convergence by groups. Indeed, assume we have two countries which only differ

in their total productivity factor. The production function of the rich country will

be Arf(k) while the one of the poor will be Apf(k), with Ar > Ap. The steady

states for the rich and the poor countries will be respectively determined by the

condition

Arf
′(k∗r) =

1

β
= Apf

′(k∗p).

Since Ar > Ap and f is concave, we get k∗r > k∗p. This result also show the

importance of the factors which can enhance the TFP.

On the empirical ground, these results can be explained by sources of growth

with much emphasis placed on the role of technical progress in the framework of

TFP. Kim and Lau (1994), using the meta-production function approach with a

fixed effect model on pooled data to investigate the sources of economic growth in

five industrialized countries (France, Japan, The United States, United Kingdom

and West Germany) and four Asian newly industrialized countries (Hong Kong,

Singapore, South Korea and Taiwan). In this setting, they show that all coun-
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tries share the same aggregate meta-production function in terms of ”efficiency-

equivalent” units and technical progress can be represented in all countries as

purely capital augmenting. This allows them to evaluate the contributions of

the sources of growth of these countries. The empirical findings show that there

has been no technical progress in these Asian countries while the industrialized

countries have experienced significant technical progress. In other words, tan-

gible capital accumulations are the most important sources of economic growth

for these Asian countries but only stand in the second place of importance after

technical progress for five industrialized countries. Using the same method, Kim

and Lau (1996) extend their study to other Asean countries Indonesia, Malaysia,

Philippines, Thailand) and China and find relatively similar results with impor-

tant improvements of technical progress for Hong Kong and Singapore and small

improvements for South Korea and Taiwan. More interestingly, Lau and Park

(2003) give the main results :

(i) They confirm the existence of technical progress for the G5 countries and

Japan from 1960 to 2000. For the Asian countries mentioned above, there is no

technical progress until 1986. And suddenly, the technical progress appears with

a significant jump.

(ii) The implication of this is that for a developing country in the early stage of

economic development tangible capital accumulation is the most important source

of growth. When the country gets to higher stage of economic development it is

the intangible capital (and particularly, the human capital ) which is the most

important source of growth.

This issue will be considered in Chapter 2 of this dissertation.

2.9 On the role of exportations in the economic growth

There exists an abundant literature on the role of exportations in growth, par-

ticularly for South Korea and Taiwan in the 1960s. More precisely, a number of

authors study the importance of a strategy to promote exportations (e.g. lowering

exchanges rates, subsidies to exportation) versus a strategy of import substitution

(e.g. via import taxes). In general, it is acceptable to say that the exportations al-

lowed economies of South Korea and Taiwan to take off. With regard to empirical

works, the strategy of export promotion found its advocate in the articles of Mi-

chalopoulos and Jay (1973), Michaely (1977), Balassa (1978, 1985), Tyler (1981),
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Feder (1982), Kavousi (1984). One of the important ideas is that the exporta-

tions play a role of positive externalities on GDP. Esfahani (1991) constructed a

two-sector model, one producing a domestic good while the other concentrating

on a good intended for exportation. The productivity of the utilized factors for

production of the domestic good is supposed to depend on exportations. They

draw therefore a conclusion that an export-oriented strategy is profitable.

However, Rodrick (1995) questioned the analysis of a growth based on exporta-

tions of South Korea and Taiwan. According to him, the influence of exportations

in the economic growth of these countries is very weak. One of his arguments is

that the exportations, in the 1960s, only presented 5% of the GDP of South Korea

and just under 10% for Taiwan. He further argued that the determinant factors

are saving rate, human capital, and public policies. It is evident that the factors

emphasized by Rodrick are essential. But we think that even so, the exportations

can play a leading role from the beginning of the phase of economic take-off. It

seems that Rodrick neglects the fact that the exportations allow to cover the im-

portations of capital good which is necessary for production of the domestic good.

The domestic production can reduce the unemployment and make the economy

to take off via domestic consumption.

We are going to present a static model of two sectors like the one of Esfahani

(1991) but without externality effect of exportations. It could illustrate our ar-

guments. We suppose that the exportations are used to cover the importations

of capital goods. The externality effect of exportations is therefore indirect. It

indicates at a time that exportations have a leading role and that economic po-

licies are very important to economic growth. This model shows that these two

levers are in fact complementary. In the case where the exportations have and

externality effect, our result will e enhanced. We want to clearly separate the two

positive effects of the exportations.

It seems to be strange to exhibit a static model this section is devoted to the

growth. In fact, we can dynamize our model without much difficulty. Then, since

we are interested in the initial phase of economic development, limiting the ana-

lysis to only one period does not appear to be inadequate to us and allow us to

gain the simplicity and, as a result, the clarity.

We consider a small country that produces two goods. The first good is intended

exclusively for exportation while the second exclusively for consumption. In this

country, the wage and the exchange rate are fixed. The production functions are of
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Cobb-Douglas type. They are only different in their total productivities. Because

the exportations respond to foreign demand, we will first explain behavior of the

foreign consumer.

2.9.1 Foreign consumer

We suppose that the consumer wish to consume a quantity De of a good produced

at the same time by the small country and the foreign ones. If c is the consumption

coming from the small country and c∗ is consumption of the same good but

produced in the foreign countries, the consumer choose the quantities of these

goods in solving the problem :

min {pXc+ ep∗c∗}

under the constraint :

[ζcσ + (1− ζ)c∗σ]
1
σ = De,

where p and p∗ are respectively the prices of domestic and foreign goods and e is

the nominal exchange rate. The parameter ζ ∈ (0, 1) is the share of the domes-

tically produced good, and the parameter σ < 1 is the substitution elasticity of

the consumption.

The solution to this problem gives the demand addressed by the foreign countries

to domestic market :

c = De 1[
ζ + (1− ζ)

((
pX

epX

) (
1−ζ

ζ

)) σ
1−σ

] 1
σ

In posing ϕ( pX

ep∗
) = 1»

ζ+(1−ζ)(( pX
ep∗ )(

1−ζ
ζ ))

σ
1−σ

– 1
σ
, we obtain

c = Deϕ(
pX

ep∗
). (1.13)

Trivially, the function ϕ is decreasing.
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Remark that instead of taking a CES form for the composite good, we use a

Cobb-Douglas form, the plan of consumers then becomes

min {pXc+ ep∗c∗}

under the constraint :

c∗σc1−σ = De,

we obtain the classic formula of the export function of the small country :

c = De

(
pX

ep∗

)−σ (
σ

1− σ

)σ

(1.14)

2.9.2 Domestic economy

Export sector The producer maximize his profit in a perfect competition fra-

mework :

max
{
pXAEK

α
1 L

1−α
1 − wL1 − ep∗MK1

}
.

where pX is the export price, p∗M is the price of imported capital expressed in

foreign money and e is the nominal exchange rate. The demands for capital K1

and labor L1verify

ep∗M = αpXAE

(
L1

K1

)1−α

(1.15)

w = (1− α)pXAE

(
K1

L1

)α

(1.16)

Consumption good sector The producer maximized his profit :

max
{
pCACK

α
2 L

1−α
2 − wL2 − ep∗MK2

}
.
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We obtain :

ep∗M = αpCAC

(
L2

K2

)1−α

, (1.17)

w = (1− α)pCAC

(
K2

L2

)α

. (1.18)

Equilibrium on the markets The profits being null, the revenue is made

up of wages which will be consumed on consumption goods. The exportations

respond to foreign demand given by the relation (1.13). Where :

pCACK
α
2 L

1−α
2 = w(L1 + L2), (1.19)

AEK
α
1 L

1−α
1 = Deϕ(

pX

ep∗
). (1.20)

The Walras law implies that the importations are covered by the exportations :

pXAEK
α
1 L

1−α
1 = ep∗M(K1 +K2).

The relations (1.15), (1.16) imply the equation of the factor price frontiers of the

export good sector :(
ep∗M
pX

) 1
1−α

(
w

pX

) 1
α

(
1

α

) 1
1−α

(
1

1− α

) 1
α

(
1

AE

) 1
α(1−α)

= 1 (1.21)

In the same way the equations (1.17), (1.18) lead to :

(
ep∗M
pC

) 1
1−α

(
w

pC

) 1
α

(
1

α

) 1
1−α

(
1

1− α

) 1
α

(
1

AC

) 1
α(1−α)

= 1 (1.22)

The equations (1.15) - (1.22) lead to a recursive system :

AEpX = (ep∗M)α (w)1−α

(
1

α

) 1
α

(
1

1− α

) 1
1−α

(
1

AE

) 1
α(1−α)

= 1 (1.23)
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ACpC = (ep∗M)α (w)1−α

(
1

α

) 1
α

(
1

1− α

) 1
1−α

(
1

AE

) 1
α(1−α)

= 1 (1.24)

K1

L1

=

(
w

ep∗M

) (
α

1− α

)
(1.25)

K2

L2
=

(
w

ep∗M

) (
α

1− α

)
(1.26)

AEL1 = Deϕ(
pX

ep∗
)

(
ep∗M
w

)α (
1− α

α

)α

(1.27)

L2

L1

=
1− α

α
(1.28)

The equation (1.23) determine the price pX , the equation (1.24) the price pC .

From these prices, the equation (1.27) determine labor L1. The labor L2 is then

obtained by (1.28), the capital stocks by (1.25) and (1.26).

Remark that if YC refers to the production of the consumption good sector, we

have :

YC = Deϕ(
pX

ep∗
)
Ac

AE

1− α

α
(1.29)

and that the total production of the country is

Ŷ = Deϕ(
pX

ep∗
) + YC = Deϕ(

pX

ep∗
)(1 +

Ac

AE

1− α

α
). (1.30)

This relation shows that the domestic production is entirely determined by the

foreign demand, the exchange rate and the foreign price. An increase in foreign

demand De leaves the prices unchanged but leads to an increase of employment

in the two sectors, of demands for capital, of exportations and of the domestic

production of the consumption goods.
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2.9.3 Some economic policies

a) We begin with the devaluation. A devaluation, meaning an increase in e, leads

to an increase of prices but raise the employment in the two sectors, the expor-

tations and the production of consumption goods. The effect on the demands for

capital is ambiguous.

We can wonder why the government can not devaluate indefinitely. Remember

that if e increases, the price pC increases too. The outcome will be a loss of

purchasing power of the workers. Suppose that the consumption per head of the

consumption good YC/(L1 + L2) cannot be inferior to a consumption c
−

which

cannot be reduced any more. A simple calculation shows that we have YC/(L1 +

L2) = 1
1−α

w
pC

.This implies that pC ≤ 1
1−α

w
c
−
.Consequently, e cannot pass a certain

threshold.

b) We are now interested in a subsidizing policy on the exportation. We suppose

that the export sector receive a subsidy equal to τpXAEK
α
1 L

1−α
1 . This amount

will be borne by the consumers.

The plan of profit maximization of the export sector becomes

max
{
pXAEK

α
1 L

1−α
1 − wL1 − ep∗MK1 + τpXAEK

α
1 L

1−α
1

}
.

The relation (1.23) becomes

AEpX(1 + τ) = (ep∗M)α (w)1−α

(
1

α

) 1
α

(
1

1− α

) 1
1−α

(
1

AE

) 1
α(1−α)

= 1 (1.31)

Moreover, the equilibrium on the interior market becomes

pCACK
α
2 L

1−α
2 = w(L1 + L2)− τpXAEK

α
1 L

1−α
1 .

We obtain in the place of the relation (1.28) the next relation linking to the

employments in the two sectors :

L2

L1

=
1− α− τ

α
(1.32)
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As before, we obtain the results as follows. The equation (1.31) determines the

price pX , the equation (1.24) the price pC . From these prices, the equation (1.27)

determines the labor L1. The labor L2 can be next obtained by the relation (1.32),

the capital stocks by (1.25) and (1.26).

We see that the new price p′X is equal to pX

(1+τ)
. The price of the consumption

good remains unchanged. The employment in the export sector increases, as well

as the demand for physical capital. On the other hand, the effect is ambiguous

for the employment and the demand for capital of the consumption good sector.

The new the new total production is :

Ŷ ′ = Deϕ(
p′X
ep∗

)

[
1− τ

1 + τ

Ac

AE

+ (1− τ)
Ac

AE

1− α

α

]
.

Suppose that ϕ(x) = x−σ with σ > 0. We find

Ŷ ′ = De

(
pX

ep∗

)−σ

(1 + τ)σ

[
1 +

Ac

AE

1− α

α
− Ac

AE

(
τ(

1

α
− 1) + 1− 1

1 + τ

)]
.

The question is that for what values of τ we will have Ŷ ′ > Ŷ . That goes back to

compare the functions
[
1 + Ac

AE

1−α
α
− Ac

AE

(
τ( 1

α
− 1) + 1− 1

1+τ

)]
and

(
1 + Ac

AE

1−α
α

)
(1+

τ)−σ. The first function is convex decreasing from 1+ Ac

AE

1−α
α

to −∞. The second

is convex decreasing from 1+ Ac

AE

1−α
α

to 0. They intersect each other at the origin.

If the slope at the origin of the first function is inferior or equal to the one of the

second function, we will have Ŷ ′ < Ŷ except when τ = 0 where they are equal.

If the slope of the first function is superior to the one of the second function,

the two curves will intersect each other in the second point τ ∗. If τ ∈ (0, τ ∗) ,

we will have Ŷ ′ > Ŷ , if τ > τ ∗, we will have Ŷ ′ < Ŷ . The slope of the first

curve is − Ac

AE

1
α
. The one of the second curve is −σ

(
1 + Ac

AE

1−α
α

)
. We conclude

that if σ > Ac

αAE+(1−α)AC
, there exists τ ∗ such that if τ < τ ∗, an export subsidizing

policy is beneficial to the small country. In the opposite case, there is an negative

effect. And if σ < Ac

αAE+(1−α)AC
, a subsidizing policy has the negative effect on the

economy. This is true if the elasticity of export price is very weak.

c) We can consider that the government take a fraction θ of the incomes from

exportations to import the consumption goods and the remaining fraction 1− θ

will be intended for covering the importations of the capital goods. One can verify

that, in this case, the prices remain unchanged, as the demands for capital and

labor in the export sector.
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On the other hand, in the sector of the consumption goods we have :

pCACK
α
2 L

1−α
2 + θpXAEK

α
1 L

1−α
1 = w(L1 + L2).

We obtain then, instead of (1.28), the equation :

L2

L1

=
1− α− θ

α
. (1.33)

The new total production will be

Ŷ ′ = Deϕ(
pX

ep∗
)(1 +

Ac

AE

1− α− θ

α
) < Ŷ .

This policy is negative for the economy.
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Abstract

We consider a developing country with three sectors in economy : consumption

goods, new technology, and education. Productivity of the consumption goods

sector depends on new technology and skilled labor used for production of the

new technology. We show that there might be three stages of economic growth. In

the first stage the country concentrates on production of consumption goods ; in

the second stage it requires the country to import both physical capital to produce

consumption goods and new technology capital to produce new technology ; and

finally the last stage is one where the country needs to import new technology

capital and invest in the training and education of high skilled labor in the same

time.

.

Key Words : Optimal growth model, New technology capital, Human capital,

Developing country.
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1 Introduction

Technology and adoption of technology have been important subjects of research

in the literature of economic growth in recent years. Sources of technical pro-

gress might be domestic or/and international though there always exists believes

amongst economic professionals that there is an important difference between

developed and developing countries, i.e. the first one innovates and exports tech-

nology while the second one imports and copies. For developing countries, the

adoption of technology from international market is vital since it might be the

only way for them to improve their productivity growth and technical progress

(Romer [1997, 1990]). But it is even more important to stress that these countries

also need to care about their human capital (Lucas [1988]) which might be the

key factor that determines whether a country, given their level of development,

can take off or might fall into poverty trap.

This line of argument comes from the fact that the developing countries today

are facing a dilemma of whether to invest in physical, technological, and human

capital. As abundantly showed in literature (e.g. Barro [1997], Barro & Sala-i-

Martin [2004], Eaton & Kortum [2000], Keller [2001], Kumar [2003], Kim & Lau

[1994], Lau & Park [2003]) developing countries are not convergent in their growth

paths and in order to move closer to the world income level, a country needs to

have a certain level in capital accumulation.

In their recent work, Bruno et al. [2006] point out the conditions under which

a developing country can optimally decide to either concentrate their whole re-

sources on physical capital accumulation or spend a portion of their national

wealth to import technological capital. These conditions are related to the na-

tion’s stage of development which consists of level of wealth and endowment of

human capital and thresholds at which the nation might switch to another stage

of development. However, in their model, the role of education that contributes

to accumulation of human capital and efficient use of technological capital is not

fully explored.

In this paper we extend their model by introducing an educational sector with

which the developing country would invest in to train more skilled labor. We show

that the country once reaches a critical value of wealth will have to consider the

import of new technology. At this point, the country can either go on with its

existing production technology or improve it by purchasing new technology capi-
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tal in order to produce new technology. But when the level of wealth passes this

value it is always optimal for the country to use new technology which requires

high skilled workers. We show further that with possibility of investment in hu-

man capital and given ”good” conditions on the qualities of the new technology,

production process, and/or the number of skilled workers there exists alternatives

for the country either to purchase new technology and spend money in training

high skilled labor or only purchase new technology but not to spend on formation

of labor. Following this direction, we can determine the level of wealth at which

the decision to invest in training and education has to be made. In this context,

we can show that the critical value of wealth is inversely related to productivity of

the new technology sector, number of skilled workers, and indicator of the impact

of the new technology sector on the consumption goods sector but proportionally

related to price of the new technology capital. In the whole, the paper allows

us to determine the optimal share of the country’s investment in physical capi-

tal, new technology capital and human capital formation in the long-run growth

path. Two main results can be pointed out : (1) the richer a country is, the more

money will be invested in new technology and training and education, (2) and

more interestingly, the share of investment in human capital will increase with

the wealth while the one for physical and new technology capitals will decrease.

In any case, the economy will grow without bound.

The paper is organized as follows. Section 2 is for the presentation of one period

model. Section 3 deals with dynamic properties with infinitely lived representative

consumer.

2 The one period model

Consider an economy where exists three sectors : domestic sector which pro-

duces an aggregate good Yd, new technology sector with output Ye and edu-

cation sector characterized by a function h(T ) where T is the expenditure on

training and education. The output Ye is used by domestic sector to increase its

total productivity. The production functions of two sectors are Cobb-Douglas,

i.e, Yd = Φ(Ye)K
αd
d L1−αd

d and Ye = AeK
αe
e L1−αe

e where Φ(.) is a non decreasing

function which satisfies Φ(0) = x0 > 0, Kd, Ke, Ld, Le and Ae be the physical

capital, the technological capital, the low-skilled labor, the high-skilled labor and

the total productivity, respectively, 0 < αd < 1, 0 < αe < 1.
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We assume that this country imports capital good, the price of which is considered

as numeraire. The price of the new technology sector is higher and equal to λ

such that λ ≥ 1. Assume that labor mobility between sectors is impossible and

wages are exogenous.

Let S be available amount of money denoted to the capital goods purchase. We

have :

Kd + λKe + pTT = S.

For simplicity, we assume pT = 1, or in other words T is measured in capital

goods.

Thus, the budget constraint of the economy can be written as follows

Kd + λKe + T = S

where S be the value of wealth of the country in terms of consumption goods.

The social planner maximizes the following program

max Yd = max Φ(Ye)K
αd
d L1−αd

d

subject to

Ye = AeK
αe
e L1−αe

e ,

Kd + λKe + T = S,

0 ≤ Le ≤ L∗eh(T ),

0 ≤ Ld ≤ L∗d.

where h is the education technology.

Assume that h(.) is an increasing concave function and h(0) = h0 > 0. Let

∆ = {(θ, µ) : θ ∈ [0, 1], µ ∈ [0, 1], θ + µ ≤ 1}.

From the budget constraint, we can define (θ, µ) ∈ ∆ :

λKe = θS ,Kd = (1− θ − µ)S and T = µS.
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Observe that since the objective function is strictly increasing, at the optimum,

the constraints will be binding. Let Le = L∗eh, Ld = L∗d, then we have the following

problem

max
(θ,µ)∈∆

Φ(reθ
αeSαeh(µS)1−αe)(1− θ − µ)αdSαdL∗1−αd

d .

where re = Ae

λαeL
∗1−αe
e .

Let

ψ(re, θ, µ, S) = Φ(reθ
αeSαeh(µS)1−αe)(1− θ − µ)αdL∗1−αd

d .

The problem now is equivalent to

max
(θ,µ)∈∆

ψ(re, θ, µ, S). (P)

Since the function ψ is continuous in θ and µ, there will exist optimal solutions.

Denote

F (re, S) = max
(θ,µ)∈∆

ψ(re, θ, µ, S).

Then by Maximum Theorem, F is continuous and F (re, S) ≥ x0L
∗1−αd
d .

Suppose that function Φ(x) is a constant in an initial phase and increasing linear

afterwards :

Φ(x) =

{
x0 if x ≤ X

x0 + a(x−X) if x ≥ X, a > 0.

Define

B = {S ≥ 0 : F (re, S) = x0L
∗1−αd
d },

Lemma 1 B is a nonempty compact set.

Proof : B is a nonempty since 0 ∈ B. Of course B is closed since the function F

is continuous. Let us prove that B is bounded. If not, take a sequence Sn in B

and converging to +∞ when n → +∞. Fix some (θ0, µ0) ∈ ∆. Since {Sn} ∈ B,

we have

ψ(re, θ0, µ0, S
n) ≤ F (re, S

n) = x0L
∗1−αd
d .

Let n → +∞ then

ψ(re, θ0, µ0, S
n) → +∞.

A contradiction. Therefore, B is bounded.



The one period model 47

Remark 1 Observe that F (re, S) ≥ x0L
∗1−αd
d . If the optimal value for θ equals 0

then the one for µ is also 0 and F (re, S) = x0L
∗1−αd
d .

The following proposition shows that if S is small, then the country will not invest

in new technology and human capital. When S is large, then it will invest in new

technology.

Proposition 1 i) There exists S > 0 such that if S ≤ S then θ = 0 and µ = 0.

ii) There exists S such that if S > S then θ > 0 .

Proof : For any S, denote by θ(S), µ(S) the corresponding optimal values for θ

and µ.

(i) Let S satisfies

reS
αeh(S)1−αe = X,

Then for any (θ, µ) ∈ ∆, for any S ≤ S,

reθ
αeSαeh(µS)1−αe ≤ X

and (θ(S), µ(S)) = (0, 0).

(ii) Fix µ = 0 and θ ∈ (0, 1). Then ψ(re, θ, 0, S) → +∞ when S → +∞. Let S

satisfy ψ(re, θ, 0, S) > x0L
∗1−αd
d . Obviously, F (re, S) ≥ ψ(re, θ, 0, S) > x0L

∗1−αd
d ,

and θ(S) > 0. If not, then µ(S) = 0 and F (re, S) = x0L
∗1−αd
d (see Remark 1).

Now, let us define

Sc = max{S ≥ 0 : S ∈ B}.

It is obvious that 0 < Sc < +∞, since Sc ≥ S > 0 and B is compact.

Proposition 2 If S < Sc then θ(S) = 0 and µ(S) = 0, and if S > Sc then

θ(S) > 0 .

Proof : Note that for any S ≥ 0 we have

F (re, S) ≥ x0L
∗1−αd
d .
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If S < Sc then for any (θ, µ) ∈ ∆,

ψ(re, θ, µ, S) ≤ ψ(re, θ, µ, S
c)

which implies

F (re, S) ≤ F (re, S
c) = x0L

∗1−αd
d .

Thus,

F (re, S) = x0L
∗1−αd
d .

Let S0 < Sc. Assume there exists two optimal values for (θ, µ) which are (0, 0) and

(θ0, µ0) with θ0 > 0. We have F (re, S0) = x0L
∗1−αd
d = ψ(re, θ0, µ0, S0). We must

have reθ
αe
0 S

αe
0 h(µ0S0)

1−αe > X (if not, Φ(re, θ0, µ0, S0) = x0 and θ0 = 0, µ0 = 0.)

Since θ0 > 0, we have reθ
αe
0 (Sc)αeh(µ0S0)

1−αe > reθ
αe
0 S

αe
0 h(µ0S0)

1−αe > X. Hence

x0L
∗1−αd
d = F (re, S

c) ≥ ψ(re, θ0, µ0, S
c)

> ψ(re, θ0, µ0, S0) = x0L
∗1−αd
d

which is a contradiction.

Therefore, if S > Sc then

F (re, S) > x0L
∗1−αd
d

which implies θ(S) > 0.

The following proposition shows that, when the quality of the training technology

(measured by the marginal productivity at the origin h′(0)) is very high then for

S > Sc the country will invest both in new technology and in human capital.

Proposition 3 If h′(0) = +∞, then for all S > Sc, we have θ(S) > 0, µ(S) > 0.

Proof : Take S > Sc. From the previous proposition, θ(S) > 0. Assume µ(S) = 0.

For short, denote θ∗ = θ(S). Define

F 0(re, S, θ
∗, 0) = max

0≤θ≤1
ψ(re, θ, 0, S) = Φ(reθ

∗αeSαeh(0)1−αe)(1− θ∗)αdL∗1−αd
d .

and consider a feasible couple (θ, µ) in ∆ which satisfies θ∗ = θ + µ. Denote

F 1(re, S, θ, µ) = Φ(reθ
αeSαeh(µS)1−αe)(1− θ∗)αdL∗1−αd

d .
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We then have

F 1(re, S, θ, µ)− F 0(re, S, θ
∗, 0)

(1− θ∗)αdL∗1−αd
d

=

Φ(reθ
αeSαeh(µS)1−αe)− Φ(reθ

∗αeSαeh(0)1−αe)

= reS
αe [θαeh(µS)1−αe − θ∗αeh(µS)1−αe + θ∗αeh(µS)1−αe − θ∗αeh(0)1−αe ].

By the concavity of h(x) and f(x) = xαe , we obtain

F 1(re, S, θ, µ)− F 0(re, S, θ
∗, 0) ≥

reS
αeµh(µS)−αe [− αeh(µS)(θ∗ − µ)αe−1 + S(1− αe)θ

∗αeh
′
(µS)].

Let µ→ 0. We have h
′
(µS) → +∞. The expression in the brackets will converge

to +∞, and we get a contradiction with the optimality of θ∗.

When h′(0) is finite, we are not ensured that the country will invest in human

capital when S > Sc. But it will do if it is sufficiently rich.

Proposition 4 Assume h
′
(0) < +∞. Then there exists SM such that µ(S) >

0, θ(S) > 0 for every S > SM .

Proof : Assume that µ(S) = 0 for any S ∈ {S1, S2, ..., Sn, ...} where the infinite

sequence {Sn}n is increasing, converges to +∞ and satisfies S1 > Sc. For short,

denote θ = θ(S). Then we have the following FOC :

areθ
αe−1Sαeh(0)1−αeαe

x0 + a[reθ
αeSαeh(0)1−αe −X]

=
αd

1− θ
, (2.1)

and
areθ

αeSαe+1h′(0)h(0)−αe(1− αe)

x0 + a[reθ
αeSαeh(0)1−αe −X]

≤ αd

1− θ
. (2.2)

Equation (2.1) implies

areθ
αe−1h(0)1−αeαe

x0

Sαe + a[reθ
αeh(0)1−αe ]

≤ αd

1− θ
. (2.3)

If θ → 0 when S → +∞, then the LHS of inequality (2.3) converges to infinity

while the RHS converges to αd : a contradiction. Thus θ will be bounded away

from 0 when S goes to infinity.
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Combining equality (2.1) and inequality (2.2) we get

h′(0)(1− αe)S ≤ h0αeθ
−1. (2.4)

When S → +∞, we have a contradiction since the LHS of (2.4) will go to infinity

while the RHS will be bounded from above. That means there exists SM such

that for any S ≥ SM , we have µ(S) > 0.

Remark 2 Let S > Sc. For short, we denote µ and θ instead of µ(S) and θ(S).

If µ > 0 then we have the FOC :

areθ
αe−1Sαeh(µS)1−αeαe

x0 + a[reθ
αeSαeh(µS)1−αe −X]

=
αd

1− θ − µ
, (2.5)

and

areθ
αeSαe+1h′(µS)h(µS)−αe(1− αe)

x0 + a[reθ
αeSαeh(µS)1−αe −X]

=
αd

1− θ − µ
. (2.6)

The following proposition shows that, if h′(0) is low, then the country will not

invest in human capital when S belongs to some interval (Sc, Sm).

Proposition 5 There exists α > 0 such that, if h′(0) < α, then there exists

Sm > Sc such that µ(S) = 0, θ(S) > 0 for S ∈ [Sc, Sm].

Proof : Let θc and Sc satisfy the following equations

are(θ
c)αe−1(Sc)αeh(0)1−αeαe

x0 + a[re(θ
c)αe(Sc)αeh(0)1−αe −X]

=
αd

1− θc , (2.7)

and

(x0 + a[re(θ
c)αe(Sc)αeh(0)1−αe −X])(1− θc)αd = x0. (2.8)

Equality (2.7) is the FOC with respect to θ, while equality (2.8) states that

ψ(re, θ
c, 0, Sc) = x0L

∗1−αd
d . If h′(0) < α = h(0) 1

θcSc
αe

1−αe
, θc > 0 as defined in

Bruno et al. [2005], then we get

are(θ
c)αe(Sc)αe+1h′(0)h(0)−αe(1− αe)

x0 + a[re(θ
c)αe(Sc)αeh(0)1−αe −X]

<
αd

1− θc . (2.9)

Relations (2.7), (2.8) and (2.9) give the the values of Sc and θ(Sc) = θc and

µ(Sc) = µc = 0. When S > Sc and close to Sc, equality (2.7) and inequality (2.9)

still hold. That means µ(S) = 0 for any S close to Sc.
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Remark 3 Let τ be defined by T = τλ, i.e. τ is the measure of T using the new

technology capital as numeraire. In this case, condition h′(0) < h(0) 1
θcSc

αe

1−αe
is

equivalent to ∂Ye

∂Ke
> ( ∂Ye

∂Le
)(∂Le

∂τ
)T=0.

Proposition 6 Assume h′(0) < +∞. Let S1 > Sc. If µ(S1) = 0, then for S2 <

S1, we also have µ(S2) = 0.

Proof : If S2 ≤ Sc then µ(S2) = 0 since θ(S2) = 0 (see Proposition 2). For short,

we write θ1 = θ(S1), θ2 = θ(S2), µ1 = µ(S1), µ2 = µ(S2).

Observe that (θ1, S
1) satisfy (2.1) and (2.2), or equivalently (2.1) and (2.4). Equa-

lity (2.1) can be written as

h1−αe
0 are[αeθ

αe−1
1 − (αe + αd)θ

αe
1 ] =

αd(x0 − aX)

S1αe
. (2.10)

If x0 − aX = 0, then θ1 = αe

αe+αd
. Take θ2 = θ1. If S2 < S1 then (θ2, S

2) satisfy

(2.1) and (2.4). That means they satisfy the FOC with µ2 = 0.

Observe that the LHS of equation (2.10) is a decreasing function in θ1. Hence θ1

is uniquely determined.

When x0 > aX, if (θ2, S
2) satisfy (2.10), with S2 < S1, then θ2 < θ1. In this case,

(θ2, S
2) also satisfy (2.4), and we have µ2 = 0.

When x0 < aX, write equation (2.10) as :

h1−αe
0 are[αeθ

−1
1 − (αe + αd)] =

αd(x0 − aX)

(θ1S1)αe
. (2.11)

If (θ2, S
2) satisfy (2.10), with S2 < S1, then θ2 > θ1. Since x0 < aX, from (2.11),

we have θ2S
2 < θ1S

1. Again (θ2, S
2) satisfy (2.10) and (2.4). That implies µ2 = 0.

From Proposition 6, we have as corollary, the following proposition.

Proposition 7 Assume h′(0) < +∞. Then there exists Ŝ ≥ Sc such that :

(i) S ≤ Ŝ ⇒ µ(S) = 0,

(ii) S > Ŝ ⇒ µ(S) > 0.
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Proof : Let

S̃ = max{Sm : Sm > Sc, and S ≤ Sm ⇒ µ(S) = 0},

and ˜̃
S = inf{SM : SM > Sc, and S > SM ⇒ µ(S) > 0}.

From Propositions 4 and 5, the sets {Sm : Sm > Sc, and S ≤ Sm ⇒ µ(S) = 0}
and {SM : SM > Sc, and S > SM ⇒ µ(S) > 0} are not empty. From Proposition

6, we have
˜̃
S ≥ S̃. If

˜̃
S > S̃, then take S ∈ (S̃,

˜̃
S). From the definitions of S̃

and
˜̃
S, there exist S1 < S, S2 > S such that µ(S1) > 0 and µ(S2) = 0. But that

contradicts Proposition 6. Hence
˜̃
S = S̃. Put Ŝ =

˜̃
S = S̃ and conclude.

Let us recall re = AeL
∗(1−αe)
e

λαe where Ae is the productivity of the new technology

sector, λ is the price of the new technology capital and L∗e is the number of skilled

workers.

Recall also the productivity function of the consumption goods sector Φ(x) =

x0 + a(x − X) if x ≥ X. The parameter a > 0 is an indicator of the impact

of the new technology product x on the this productivity. We will show in the

following proposition that the critical value Sc diminishes when re increases, i.e.

when the productivity Ae and/or the number of skilled workers increase, and /or

the price of the new technology capital λ decreases, and /or the impact indicator

a increases.

Proposition 8 Assume h(z) = h0 + bz, with b > 0 . Let θc = θ(Sc), µc = µ(Sc).

Then

(i) µc = 0, θc does not depend on a and re.

(ii) Sc decreases if a or/and re increases.

Proof : From Proposition 7, we have µc = 0. In this case, θc and Sc satisfy

equation (2.5) and, since Sc ∈ B, we also have F (re, S
c) = ψ(re, θ

c, 0, Sc) =

x0L
∗1−αd
d .

Explicitly, we have

are(θ
c)αe−1(Sc)αeh1−αe

0 αe

x0 + a[re(θ
c)αe(Sc)αeh1−αe

0 −X]
=

αd

1− θc



The one period model 53

and

(x0 + a[re(θ
c)αe(Sc)αeh1−αe

0 −X])(1− θc)αd = x0 (2.12)

Tedious computations show that θc satisfies the equation

αe[1−
x0 − aX

x0

(1− θ)αd+1] = θ(αd + αe)

If x0 > aX, then the LHS is a strictly concave function which increases from
αeaX

x0
when θ = 0 to αe when θ = 1. The RHS is linear increasing, equal to 0 at

the origin and to αd + αe when θ = 1. Therefore, there exists a unique solution

θc ∈ (0, 1).

If x0 < aX, then the LHS is a strictly convex function which decreases from
αeaX

x0
when θ = 0 to αe when θ = 1. The RHS is linear increasing, equal to 0 at

the origin and to αd + αe when θ = 1. Therefore, there exists a unique solution

θc ∈ (0, 1).

If x0 = aX, then θc = αe

αe+αd
.

In any case, θc does not depend on a and re.

Equation (2.12) gives :

are(S
c)αe = [x0(

1

(1− θc)αd
− 1) + aX]

1

(θc)αeh1−αe
0

(2.13)

We see immediately that Sc is a decreasing function in a and re.

The following proposition shows that the optimal shares θ, µ converge when S goes

to infinity and the ratio between physical capital and the total of new technology

capital and the amount devoted to human capital formation decreases when S

increases.

Proposition 9 Assume h(z) = h0 + bz, with b > 0. Then the optimal shares

θ(S), µ(S) converge to θ∞, µ∞ when S converges to +∞. Consider Ŝ in Proposi-

tion 7. Then

(i) If x0 < aX, θ(S) decreases from θc to θ̂ = θ(Ŝ) when S goes from Sc to Ŝ.The

sum θ(S) + µ(S) decreases when S increases from Sc to Ŝ.

(ii) If x0 ≥ aX, θ(S) increases from θc to θ̂ = θ(Ŝ) when S goes from Sc to Ŝ.The

sum θ(S) + µ(S) increases when S increases from Sc to Ŝ.
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(iii)If are is large enough, θ(S) decreases from θ̂ to θ∞ = αe

1+αd
when S increases

from Ŝ to +∞. The sum θ(S)+µ(S) increases with S for S > Ŝ. Moreover, µ(S)

also increases with S for S > Ŝ.

Proof : For short, write θ, µ instead of θ(S), µ(S). Consider Ŝ in Proposition 7.

When S ≤ Sc, we have θ = 0, µ = 0. When Sc < S ≤ Ŝ, then µ = 0 (Proposition

7). But θ satisfies equation (2.1) which can be written as

areθ
αe−1h(0)1−αeαe =

αd(x0 − aX)

Sαe
+ (αd + αe)areθ

αeh(0)1−αe .

The LHS is a decreasing function while the RHS is increasing. It is easy to check

that the unique solution exists and is in (0, 1). Differentiate with respect to S

to see that θ increases with S if x0 > aX and decreases with S if x0 < aX.

When x0 = aX, we obtain θ = αe

αe+αd
. Thus the sum θ+µ increases with S when

S ∈ (Sc, Ŝ) if x0 > aX and decreases if x0 < aX.

Now consider the case where S > Ŝ. Then (θ, µ) satisfy equations (2.5) and (2.7)

which can be written as follows :

θ(αd + αe) = −αeµ+ [αe −
αd(x0 − aX)αe

−αe

areS(1− αe)1−αeb1−αe
] (2.14)

and

θ(1− αe) = αeµ+
αeh0

bS
(2.15)

We obtain

θ(1 + αd) = [αe −
αd(x0 − aX)αe

−αe

areS(1− αe)1−αeb1−αe
+
h0αe

bS
] (2.16)

and

µ = θ(
1

αe

− 1)− h0

bS

Thus

θ + µ =
1

1 + αd

[1− αd

αe

(x0 − aX)αe
−αe

areS(1− αe)1−αeb1−αe
]− αd

1 + αd

h0

bS
.

If x0 ≥ aX, then θ + µ increases with S. If x0 < aX, then when are is large

enough, then θ + µ is an increasing function in S.

It is obvious to see that θ decreases with S (equation (2.16)) if x0 < aX, or if are

is large, when x0 > aX.

When S converges to +∞, then θ converges to θ∞ = αe

1+αd
and µ converges to

µ∞ = 1−αe

1+αd
.



The Dynamic Model 55

3 The Dynamic Model

In this section, we consider an economy with one infinitely lived representative

consumer who has an intertemporal utility function with discount factor β < 1.

At each period, her savings will be used to import physical capital or/and new

technology capital and/or to invest in human capital. We suppose the capital

depreciation rate equals 1.

The social planner will solve the following dynamic growth model

max
∞∑

t=0

βtu(ct)

s.t ct + St+1 ≤ Φ(Ye,t)K
αd
d,tL

1−αd
d,t

Ye,t = AeK
αe
e,tL

1−αe
e,t

Kd,t + λKe,t + Tt = St,

0 ≤ Le,t ≤ L∗eh(Tt), 0 ≤ Ld,t ≤ L∗d.

the initial resource S0 is given.

The problem is equivalent to

max
∞∑

t=0

βtu(ct)

s.t ct + St+1 ≤ H(re, St),∀t,

with

H(re, S) = F (re, S)Sαd .

where re = Ae

λαeL
∗1−αe
e,t . Obviously, H(re, .) is continuous, strictly increasing and

H(re, 0) = 0.

As in the previous section, we shall use Sc defined as follows :

Sc = max{S ≥ 0 : F (re, S) = x0L
∗1−αd
d }

where

F (re, St) = max
0≤θt≤1,0≤µt≤1

ψ(re, θt, µt, St).

We shall make standard assumptions on the function u under consideration.
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H2. The utility function u is strictly concave, strictly increasing and satisfies the

Inada condition : u
′
(0) = +∞, u(0) = 0.

At the optimum, the constraints will be binding, the initial program is equivalent

to the following problem

max
∞∑

t=0

βtu(H(re, St)− St+1)

s.t 0 ≤ St+1 ≤ H(re, St),∀t.
S0 > 0 given.

By the same arguments as in Bruno et al. [2005], we have the following property

Proposition 10 i) Every optimal path is monotonic

ii) Every optimal trajectory (S∗t ) from S0 can not converge to 0.

Let denote θ∗t , µ
∗
t be the optimal capital shares among technological capital stock

and expenditure on training,

λK∗
e,t = θt

∗S∗t and T ∗t = µ∗tS
∗
t .

We then obtain the main result of this paper :

Proposition 11 Assume h(z) = h0+bz, with b > 0 and αe+αd ≥ 1. If a or/and

re are large enough then the optimal path {S∗t }t=1,+∞ converges to +∞ when t

goes to infinity. Hence :

(i) there exists T1 such that

θ∗t > 0 ∀t ≥ T1

(ii) there exists T2 ≥ T1 such that

θ∗t > 0 , µ∗t > 0, ∀t ≥ T2

The sum θ∗t + µ∗t and the share µ∗t increase when t goes to infinity and converge

to values less than 1.
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Proof : Let Ss be defined by

αd(S
s)αd−1x0L

∗1−αd
d =

1

β
. (1)

If S0 > Ŝ (Ŝ is defined in Proposition 7) then θ∗t > 0, µ∗t > 0 for every t.

If S0 > Sc then θ∗t > 0 for every t. If S∗t converges to infinity, then there exists T2

where S∗T2
> Ŝ and θ∗t > 0, µ∗t > 0 for every t ≥ T2.

Now consider the case where 0 < S0 < Sc. Obviously, θ∗0 = 0. It is easy to see

that if a or/and re are large then Sc < Ss. If for any t, we have θ∗t = 0, we also

have K∗
e,t = 0 ∀t, and the optimal path (S∗t ) will converge to Ss (see Le Van

and Dana [2003]). But, we have Sc < Ss. Hence the optimal path {S∗t } will be

non decreasing and will pass over Sc after some date T1 and hence θ∗t > 0 when

t ≥ T1.

If the optimal path {S∗t } converges to infinity, then after some date T2, S
∗
t > Ŝ

for any t > T2 and θ∗t > 0, µ∗t > 0.

It remains to prove that the optimal path converges to infinity if a or/and re are

large enough.

Since the utility function u satisfies the Inada condition u′(0) = +∞, we have

Euler equation :

u
′
(c∗t ) = βu

′
(c∗t+1)H

′

s(re, S
∗
t+1).

If S∗t → S <∞, then c∗t → c > 0. From Euler equation, we get

H
′

s(re, S) =
1

β
.

We will show that H
′
s(re, S) > 1

β
for nay S > Sc. We have

H
′

s(re, S) = F
′

s(re, S)Sαd + αdF (re, S)Sαd−1

≥ F
′

s(re, S)Sαd .

From the envelope theorem we get :

F
′
s(re, S)Sαd =

[areθ
∗αe(h∗(µS))−αe(αeh(µ

∗S) + (1− αe)µ
∗Sh′(µ∗S))Sαd+αe−1]

× L∗1−αd
d (1− θ∗ − µ∗)αd
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When are is large, from Proposition 9, we have θ∗ ≥ θ = min{θc, θ∞} and θ∗ +

µ∗ ≤ ζ = max{θc, θ∞ + µ∞}. We then obtain

H
′

s(re, S) ≥ L∗1−αd
d (1− θ∗ − µ∗)αd [areθ

∗αe(h∗(µS))1−αeαeS
αd+αe−1]

≥ L∗1−αd
d (1− ζ)αd [areθ

αe(h∗(0))1−αeαe(S
c)αd+αe−1]

since h(x) ≥ h(0) and αd + αe − 1 ≥ 0.

If αd + αe = 1, then

H
′

s(re, S) ≥ L∗1−αd
d (1− ζ)αd [areθ

αe(h∗(0))1−αeαe], (2.17)

and when are becomes very large, the RHS of inequality (2.17) will be larger than
1
β
.

Now assume αd + αe > 1. From equation (2.13), the quantity are(S
c)αe equals

γ = [x0(
1

(1− θc)αd
− 1) + ax]

1

(θc)αeh1−αe
0

and

Sc = (
γ

are

)
1

αe .

We now have

H
′

s(re, S) ≥ L∗1−αd
d (1− ζ)αdθαe(h∗(0))1−αeαeγ(

γ

are

)
αd−1

αe

It is obvious that, since αd − 1 < 0, when are is large, we have H
′
s(re, S) > 1

β
.

Remark 4 To summarize, at low level of economic growth this country would

only invest in physical capital but when the economy grows this country would

need to invest not only in physical capital but also in first, new technology and

then, formation of high skilled labor. Under some mild conditions on the quality

of the new technology production process and on the supply of skilled workers,

the optimal path (S∗t ) converges to +∞, i.e. the country grows without bound. In

this case, the share of investment in new technology and human capital (θ∗t + µ∗t )

will increase while the one in physical capital will decrease (this is in accordance

with the empirical results in Lau and Park (2003)). More interestingly, and in

accordance with the results in Barro and Sala-i-Martin (2004), the share µ∗t will

become more important than the one for physical and new technology capitals

when t goes to infinity. But they will converge to strictly positive values when

time goes to infinity.



Bibliographie 59

Bibliographie

Barro, R. (1997) Determinants of Economic Growth : A Cross-countries Empirical

Study, MIT Press, Cambridge.

Barro, R. and X. Sala-i-Martin, (2004) Economic Growth, McGraw Hill, New

York, second edition.

Bruno, O. et al. (2005) When does a developing country use new technologies,

Cahiers de la MSE, Université Paris 1.

Eaton, J. and S. Kortum, (2000) Trade in Capital Goods, WP, Boston University.

Keller, W.(2001) International Technology Diffusion, NBER WP 5873.

Kim, J. and L. Lau (1994) The Sources of Economic Growth in the East Asian

Newly Industrial Countries, Journal of Japanese and International Economics,

8.

Kumar, K.B.(2003) Education and Technology Adoption in a Small Open Eco-

nomy : Theory and Evidence, Macroeconomic Dynamics, 7, pp. 586-617.

Lau, L. and J. Park, (2003) The Sources of East Asian Economic Growth Revi-

sited, WP, Stanford University.

Le Van, C. and R.A. Dana, (2003) Dynamic programming in Economics, Kluwer

Academic Publishers.

Lucas, R.E. Jr. (1988) On the Mechanics of Economic Development, Journal of

Monetary Economics, 22, 1 (July), pp. 3-42.

Ramsey F.(1928) A Mathematical Theory of Saving, Journal of Economic Theory,

38, pp. 543-559.

Romer, P. (1987) Growth Based on Inreasing Returns Due to Specialization,

American Economic Review, 77, 2 (May), 56-62.



60 Bibliographie

Romer, P. (1990) Endogenous Technological Changes, Journal of Political Eco-

nomy, 98, 5 (October), pt II, S71-S102.



Chapitre 3
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Abstract

In this article, we develop an analytical general equilibrium model of the equi-

librium exchange rate for emerging countries. This theoretical framework allows

us to identify a relevant set of variables which determinate the equilibrium ex-

change rate and to explore how theses variables influence the trajectory of the

equilibrium exchange rate.
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1 Introduction

The aim of this paper is to exhibit some main factors of the equilibrium exchange

rate (EER) for emerging countries. As broadly known, the definition of EER re-

fers to the purchasing power parity (PPP) in order to offset differential inflation.

However, this methodology has been discredited as an appropriate norm for de-

fining equilibrium exchange rates of emerging countries because of the Balassa

effect. This effect (see Balassa, 1964) explains the tendency for catching up coun-

tries 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, assuming

possible changes in fundamentals that could affect the EER. Such changes in

fundamentals do matter in the context of emerging economies experiencing rapid

structural transformation.

According to the typology proposed by Clark and MacDonald (1999), there are

two main alternative approaches to PPP : the ”Behavioural Equilibrium Ex-

change Rate” (BEER) approach and the ”Fundamental Equilibrium Exchange

Rate” (FEER) approach. The BEER approach covers a range of conceptual frame-

works that focus simultaneously on long run equilibrium conditions for both asset

stocks and current account flows (Stein 1994 ; Faruqee 1995). Such conceptual fra-

meworks 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 conver-

gence to long run asset stock equilibrium. At an empirical level, this approach

leads to the estimation of single equation reduced-form models. Equilibrium ex-

change 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 either a complete macroeconomic model,

in the general equilibrium setting (Williamson, 1994), or the trade equations in a

partial equilibrium approach (Wren-Lewis & Driver, 1998 ; Borowski & Couharde,

2003).
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As these two approaches have been mainly developed for assessing equilibrium

exchange rates of industrial countries, they are not entirely appropriate for ana-

lysing 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 (espe-

cially the law of one price for tradables), which do not fit the framework of the

theoretical models cited above. However, some BEER models designed for the de-

veloping countries take into account explicitly the Balassa effect by defining the

real exchange rate as the relative prices of tradables to non-tradables (Edwards,

1994 ; Elbadawi, 1994 ; Montiel, 1999).

Secondly, another problem raised by these approaches is the definition of the in-

ternal equilibrium. Internal equilibrium is generally defined on the basis of the

potential growth rates estimated separately from the model. The internal equili-

brium is thus exogenous to the model insofar as potential growth is assumed to

be independent of the real exchange rate. Nevertheless, theoretical FEER models

can include an endogenization of internal equilibrium that rests on the formu-

lation 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 between unions and firms vested with the ”right to manage”.

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 deterio-

ration 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 vo-

lume. 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 industrial 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 Faruqee (1998) recommend computing domestic output gaps, which are not

available for emerging countries, by using a Hodrick-Prescott filter. This is a prac-

tical 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.
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That is why we propose to develop an alternative approach, which relies on two

sector (tradables and non-tradables) 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 internal equilibrium is obvious : it is defined in terms

of the equilibrium of non-tradables market.

Two-sector 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 economy but not between countries. An important implication is

that supply shocks affect both the equilibrium relative price and the relative

production 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 goods 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 non-tradables 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 focuses only on one period, it can not explain the time

path 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 explained.

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 explore the direction of their
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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 effect, the equilibrium exchange rate is determined

exclusively by supply side variables and is independent 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 necessary 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 behavior. This allows

us to consider not only supply side but also demand side determinants of the

equilibrium exchange rate. We suppose also that trade disequilibrium is possible

to a certain extend : trade deficits must be sustainable in medium or long run,

that is to say consistent with a rule of stabilising 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 functions of the

capital and the labor employed,

FT (LT , KT ) = ATL
α
TK

β
T (3.1)

FN (LN , KN) = ANL
α
NK

β
N (3.2)
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with α+ β < 1

where subscript T denotes the traded sector, subscript N the nontraded sector,

and A’s are productivity coefficients.

Labor is internationally 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 +LN =

1 and KT +KN = 1

Firms maximise the value of profits :

max {pTFT (LT , KT ) + pNFN (LN , KN)− w (LT + LN)− c (KT +KN)} (3.3)

The solution for this problem is :

KT = LT =
(ea)

1
1−α−β

1 + (ea)
1

1−α−β

(3.4)

with e = pT

pN
, the equilibrium real exchange rate (a rise in e means a real depre-

ciation) and a = AT

AN
.

Production functions then imply the following level of output in each sector :

YT = ATL
α
TK

β
T = AT

[
(ea)

1
1−α−β

1 + (ea)
1

1−α−β

]α+β

(3.5)

YN = ANL
α
NK

β
N = AN

[
1

1 + (ea)
1

1−α−β

]α+β

(3.6)

We suppose that trade disequilibrium is possible. We define the trade balance

target in GDP points by λ :

pT (MT −XT ) = λ (pTYT + pNYN) (3.7)
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with : λ > 0, trade deficit target in GDP points ; MT and XT are respectively

import and export volumes of tradable goods. By definition, only tradable goods

are imported or/and exported.

We assume that the trade deficit is distributed among households. In other words,

foreign countries subsidy the domestic households. Then consumption must be

chosen subject to the following budget constraint :

pTCT + pNCN + pTXT = pTYT + pNYN + pTMT (3.8)

The budget constraint can be written as :

pTCT + pNCN = (1 + λ) (pTYT + pNYN) (3.9)

The consumer maximizes an utility function of the following form :

max {logCT + ζ logCN} (3.10)

where ζ is the preference parameter for non-tradable good.

We obtain the demand functions for tradables and non tradables,

CT =
1 + λ

1 + ζ

pTYT + pNYN

pT

(3.11)

CN =
ζ (1 + λ)

1 + ζ

pTYT + pNYN

pN

(3.12)

The market for traded and nontraded goods are in equilibrium if :

CT +XT = YT +MT (3.13)

CN = YN (3.14)
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which finally imply the equilibrium value for the internal exchange rate :

(ea)
1

1−α−β =
1− ζλ

ζ (1 + λ)
(3.15)

with : ∂e
∂a
< 0, ∂e

∂ζ
< 0 and ∂e

∂λ
< 0

We can state :

Proposition 1 Assume λ < 1
ζ
. Then the equilibrium exchange rate e is unique.

It satisfies ∂e
∂a
< 0, ∂e

∂ζ
< 0, ∂e

∂λ
< 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 ζ, that measures the individual’s preference to consume

non-tradables and on λ, 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 represents the Balassa

effect. The effect of a rise in the individual’s preference to consume non-tradables

on the equilibrium real exchange rate is also straightforward : an increase in

the preference parameter increases the consumption of non-tradables and hence

an appreciation of the equilibrium exchange rate. The price of non-tradables

increases when the output of tradables remains unchanged. Finally, a rise in the

parameter λ, 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.
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3 The two-period model

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

is

u(c1T , c
1
N , c

2
T , c

2
N) =

[
Log(c1T ) + ζLog(c1N)

]
+ δ

[
Log(c2T ) + ζLog(c2N)

]
where ciT , c

i
N denote respectively the consumptions of tradable and non-tradable

goods at period i. The parameters ζ, δ are respectively the preference parameter

for non-tradable good and the time preference parameter.

Her intertemporal income is

R = p1
TY

1
T +p1

NY
1
N+p1

T (M1
T−X1

T )+
1

1 + r

(
p2

TY
2
T + p2

NY
2
N + p2

T (M2
T −X2

T )
)

(3.16)

where pi
T , p

i
N are tradable goods and non-tradable goods prices at period i, r is the

exogenous interest rate, Y i
T , Y

i
N are the productions of tradable goods and non-

tradable goods at period i, and M i
T , X

i
t are the importations and exportations of

tradable goods (we recall that only tradable goods are imported or/and exported).

We also suppose that the tradable goods prices p1
t , p

2
t are exogenous (imposed by

the international market).

The consumer solves the program :

maxu(c1T , c
1
N , c

2
T , c

2
N)

under the constraints :

p1
T c

1
T + p1

Nc
1
N +

1

1 + r

[
p2

T c
2
T + p2

Nc
2
N

]
≤ R.

We obtain

c1T =
1

(1 + ζ)(1 + δ)

R

p1
T

(3.17)

c2T =
δ(1 + r)

(1 + ζ)(1 + δ)

R

p2
T

(3.18)

c1N =
ζ

(1 + ζ)(1 + δ)

R

p1
N

(3.19)
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c2N =
ζδ(1 + r)

(1 + ζ)(1 + δ)

R

p2
N

.. (3.20)

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 de-

preciation rate equals 1. So, firm maximizes at each period its profit. At period

i, its demands for labor and capital inputs Li
T , L

i
N , K

i
T , K

i
N are solutions to the

problem :

max
{
pi

TFT (Li
T , K

i
T ) + pi

NFN(Li
N , K

i
N)− w(Li

T + Li
N)− c(Ki

T +Ki
N)

}
.

We assume that

FT (L,K) = ATL
αKβ,

and

FN(L,K) = ANL
αKβ,

with α+ β < 1, α > 0, β > 0.

We define

a =
AT

AN

and at period i, the equilibrium exchange rate ei by

ei =
pi

T

pi
N

.

It is easy to find that the demands for labor and capital satisfy the following

relations for every period i :

eia

(
Ki

N

Ki
T

)1−β (
Li

T

Li
N

)α

= 1, (3.21)

eia

(
Ki

N

Ki
T

)−β (
Li

T

Li
N

)α−1

= 1. (3.22)

The productions of tradable and non tradable goods at period i are :

Y i
T = AT (Li

T )α
(
Ki

T

)β
, (3.23)
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Y i
N = AN(Li

N)α
(
Ki

N

)β
. (3.24)

We assume that all the markets clear. We also assume that labor and physical

capital supplies are exogenous.

We have

c1N = Y 1
N , (3.25)

c2N = Y 2
N , (3.26)

c1T +X1
T = Y 1

T +M1
T , (3.27)

c2T +X2
T = Y 2

T +M2
T , (3.28)

K1
T +K1

N = 1, (3.29)

K2
T +K2

N = 1, (3.30)

L1
T + L1

N = 1, (3.31)

L2
T + L2

N = 1. (3.32)

We refer to equations (3.25),...,(3.32) for the internal equilibrium. For the external

equilibrium, we impose the following relation :

p1
T (M1

T −X1
T ) +

1

1 + r
p2

T (M2
T −X2

T ) =
λ

1 + r

[
p2

TY
2
T + p2

NY
2
N

]
. (3.33)

The parameter λ is exogenous. It expresses the norm of the deficit over GNP.
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Proposition 2 (Existence of unique equilibrium exchange rates)

Assume λδ < 1+δ
ζ
. Then the equilibrium exchange rates e1, e2 are unique.

Proposition 3 Assume as before that λδ < 1+δ
ζ
. 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 ζ increases (the consumer prefers more the non-tradable goods) then the

equilibrium exchange rates become lower for the two periods.

(4) If λ increases (the norm of deficit is higher), then the the equilibrium exchange

rates become lower for the two periods.

(5) Strengthen condition λδ < 1+δ
ζ

in λ < 1
ζ

as in Proposition 1. If we increase

δ (the consumer prefers more the future), then the equilibrium exchange rate

increases at the first period and decreases at the second period.

Remark 1 Comment on result (1) : For each period, higher productivity in the

tradable goods sector increases the income and hence the consumption of the two

goods. The price of nontradables increases with the output of nontradables, when

the output of tradables remains unchanged. Consequently, the positive productivity

shock leads to an appreciation of the equilibrium exchange rate in each period.

Comment on result (3) : For each period, a rise in the preference parameter for

non-tradable goods increases the consumption of non-tradables goods. The price of

nontradables increases with the output of nontradables. Consequently, the increase

in the preference for nontradables leads to an appreciation of the equilibrium ex-

change rate in each period.

Comment on result (4) :For each period, the rise in the norm of the deficit in-

creases the income and hence the consumption of the two goods. The price of

nontradables increases with the output of nontradables, when the output of tra-

dables remains unchanged. Consequently, the increase in the norm of deficit leads

to an appreciation of the equilibrium exchange rate in each period.

Comments on results (2) and (5) :In the first period, the consumer reduces her
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consumption of the two goods as her income has decreased. The decrease of the

consumption of tradables is balanced by an improvement of the trade balance. The

decrease of the consumption of nontradables leads to a decrease in the output and

hence in the price of non tradables goods. Therefore, the equilibrium exchange rate

depreciates in the first period. In the second period, the demand for the two goods

raises. This leads to an increase in the output and hence the price of nontradables

and a worsening of the trade balance. Therefore, the equilibrium exchange rate

depreciates in the second period.

4 Conclusion

The objective of this paper has been to analyse the determination of the level

and the time path of the equilibrium exchange rate for emerging countries in

the context of a simple general equilibrium framework based on two sectors and

two periods. The equilibrium exchange rate was defined as the real exchange

rate consistent with internal equilibrium (in terms of non-tradables 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 (productivity differential

between tradables and non-tradables), demand-side factors (individual’s prefe-

rence to consume non-tradables) and the trade deficit target. In particular, the

appreciation of the equilibrium exchange rate over the two periods can be explai-

ned by a productivity shock in the traded-goods sector (Balassa effect), a rise

in the individual’s preference to consume non-tradables and a rise in the trade

deficit target.
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5 Appendix

5.1 Proof of proposition 2

It is easy to check that for every date i :

Y i
T = AT

[
(eia)

1
1−α−β

1 + (eia)
1

1−α−β

]α+β

, (3.34)

Y i
N = AN

[
1

1 + (eia)
1

1−α−β

]α+β

. (3.35)

We also have

c1T =
1

(1 + ζ)(1 + δ)

[
Y 1

T +
Y 1

N

e1
+ τ

1 + λ

1 + r
(Y 2

T +
Y 2

N

e2
)

]
,

c2T =
δ

(1 + ζ)(1 + δ)

[
1 + r

τ
(Y 1

T +
Y 1

N

e1
) + (1 + λ)(Y 2

T +
Y 2

N

e2
)

]
,

c1N =
ζ

(1 + ζ)(1 + δ)

[
(e1Y

1
T + Y 1

N) +
1 + λ

1 + r
τe1(Y

2
T +

Y 2
N

e2
)

]
,

c2N =
δζ

(1 + ζ)(1 + δ)

[
1 + r

τ
e2(Y

1
T +

Y 1
N

e1
) + (1 + λ)e2(Y

2
T +

Y 2
N

e2
)

]
,

where τ =
p2

T

p1
T
.

We obtain
c1N
c2N

=
1

δ(1 + r)

e1
e2
τ ,

Y 1
N

Y 2
N

=

[
1 + (e2a)

1
1−α−β

1 + (e1a)
1

1−α−β

]α+β

.
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From equations (3.25),(3.26), we have :

e1a

e2a

τ

δ(1 + r)
=

[
1 + (e2a)

1
1−α−β

1 + (e1a)
1

1−α−β

]α+β

,

or equivalently

ψ(x1)

(
τ

δ(1 + r)

)
= ψ(x2), (3.36)

with ψ(x) = x1−α−β(1+x)α+β which is an increasing function, and xi = (eia)
1

1−α−β .

We have

ψ′(x) = (α+ β)

(
x

1 + x

)1−α−β

+ (1− α− β)

(
1 + x

x

)α+β

,

and

ψ′′(x) = (α+ β)(1− α− β)

(
1 + x

x

)α+β−1
1

x
(

1

1 + x
− 1

x
) < 0.

Hence,ψ is concave.

Now consider equation (3.33). Replacing ciT , c
i
N by their formula, we obtain :

ζ(Y 1
T +

τ(1 + λ)

1 + r
Y 2

T ) =
Y 1

N

e1
+

τ

1 + r

Y 2
N

e2
(1− λζ).

Replace Y i
T , Y

i
N by their expressions given by equations (3.34),(3.35), we obtain :

(e1a)
1

1−α−β + δ(1 + λ)(e2a)
1

1−α−β =
1 + δ

ζ
− λδ,

or

x1 + δ(1 + λ)x2 =
1 + δ

ζ
− λδ, (3.37)

with, as above, xi = (eia)
1

1−α−β . We have from equations (3.36), and (3.37) :

ψ(x2) =

(
τ

δ(1 + r)

)
ψ(

1 + δ

ζ
− λδ − δ(1 + λ)x2) (3.38)
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The first member of equation (3.38) is increasing in x2 while the second member

is decreasing. Moreover, since ψ(0) = 0 <
(

τ
δ(1+r)

)
ψ(1+δ

ζ
−λδ), and ψ(1+δ−ζλδ

ζδ(1+λ)
) >

ψ(0), there exists a unique solution to equation (3.38).

5.2 Proof of proposition 3

1) The solutions (x1, x2) = (e1a, e2a) depend only on the parameters λ, δ, ζ, τ , r.

Hence, if a increases, then e1, e2 decreases.

(2) Differentiate equations (3.37), (3.38) with respect to x1, x2 and r. We then

obtain

dx1 + δ(1 + λ)dx2 = 0,

[
ψ′(x1)

(
τ

δ(1 + r)

)
δ(1 + λ) + ψ′(x2)

]
dx2 = −

(
τ

δ(1 + r)2

)
ψ(x1)dr.

Obviously ∂x1

∂r
> 0, ∂x2

∂r
< 0.

(3) Differentiate equation (3.38) :[
ψ′(x2) +

τ(1 + λ)

(1 + r)
ψ′(x1)

]
dx2 = − (1 + δ)τ

δζ2(1 + r)
ψ′(x1)dζ.

Differentiate equation (3.36) :

ψ′(x1)

(
τ

δ(1 + r)

)
dx1 = ψ′(x2)dx2.

It is obvious that ∂x2

∂ζ
< 0, ∂x1

∂ζ
< 0.

(4) Differentiate equations (3.36), (3.38). Then

ψ′(x1)

(
τ

δ(1 + r)

)
dx1 = ψ′(x2)dx2,

and [
ψ′(x2) +

τ(1 + λ)

(1 + r)
ψ′(x1)

]
dx2 = − τ

1 + r
(1 + x2)ψ

′(x1)dλ.
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Hence, ∂x2

∂λ
< 0, ∂x1

∂λ
< 0.

(5) Differentiate equations (3.37), (3.38). Then

dx1 + δ(1 + λ)dx2 = 0,

and [
ψ′(x2) +

τ(1 + λ)

(1 + r)
ψ′(x1)

]
dx2 =

ψ(x1)

δ(1 + r)
dτ .

We obtain ∂x2

∂τ
> 0 and ∂x1

∂τ
< 0.

(6) Differentiate as before equation (3.38) :[
ψ′(x2) +

τ(1 + λ)

(1 + r)
ψ′(x1)

]
dx2 =

τ

δ(1 + r)

[
−1

δ
ψ(x1) + (

1

ζ
− λ− (1 + λ)x2)ψ

′(x1)

]
dδ.

Since ψ′′ < 0, we have

ψ(x1)− ψ(
1

ζ
) > ψ′(x1)(x1 −

1

ζ
) = ψ′(x1)(

δ

ζ
− λδ − δ(1 + λ)x2)

Hence

0 > −1

δ
ψ(

1

ζ
) > −ψ(x1)

δ
+ (

1

ζ
− λ− (1 + λ)x2)ψ

′(x1).

Therefore ∂x2

∂δ
< 0.

Differentiate again equation (3.38). We obtain[
ψ′(x1) +

(1 + r)

τ(1 + λ)
ψ′(x2)

]
dx1 =

(1 + r)

τ

[
ψ(x2)−

1

(1 + λ)δ
(
1

ζ
− x1)ψ

′(x2)

]
dδ.

Using again the strict concavity of ψ gives :

ψ(x2)−ψ(
1

(1 + λ)
(
1

ζ
−λ)) > ψ′(x2)(x2−

1

(1 + λ)
(
1

ζ
−λ)) = ψ′(x2)

1

(1 + λ)δ
(
1

ζ
−x1).

Hence

ψ(x2)−
1

(1 + λ)δ
(
1

ζ
− x1)ψ

′(x2) > ψ(
1

(1 + λ)
(
1

ζ
− λ)) > 0.

We conclude that ∂x1

∂δ
> 0.
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Abstract

Competitive exchange rate policy has played an essential role for the export-led

growth of East Asian countries. This would be the same for China and Vietnam,

the late-starters in the growth waves in East Asia region. The theoretical fra-

mework of fundamental equilibrium exchange rate (FEER) of Williamson (1994)

serves as a reference to appreciate exchange rate misalignments of China during

the period 1982-2004 and Vietnam for the period 1989-2004. For China, misali-

gnments are estimated with the help of a multinational trade model composed of

the United States, Euro zone, Japan and South Korea, while a simplified model is

used for Vietnam. Estimation results shed light on these countries’ exchange rate

strategies for the rapid growth period up until the year of 2004. Sensitivity tests

and comparisons with other estimations allow appreciating the robustness of the

results. Lessons are drawn concerning exchange rate policies and competitiveness

of the two economies, both at the East Asian and world levels.

Key Words : China, Vietnam, Exchange rate policies, Fundamental equilibrium

exchange rates, Multinational trade model.
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1 Introduction

Over the last decades, the Eastern part of Asia has impressed the world with its

successive waves of economic growth. It is widely accepted that these waves have

taken place, along the time line, first in Japan then in four newly industrialised

economies (NICs) ; and four South East Asian countries have made up the third

wave. So World Bank named them high performing countries. More recently, it

has been the turn of China and Vietnam to achieve remarkable results in economic

development. While China has been moving ahead of Vietnam, these countries do

have some important aspects in common. They are both considered as economies

in transition that, one after another, adopt export-led growth strategy which

already tested and proved to be successful by other East Asian countries.

The purpose of this paper is to evaluate exchange rate policy of China and Viet-

nam that is normally believed to be an essential element for the success of export-

led economic growth. We will especially estimate how much undervalued or over-

valued the Chinese renminbi and Vietnamese dong have been since the adoption

of openness policy in two countries. The Chinese exchange rate policy is becoming

more and more important at regional as well as international level. In particular,

Vietnamese economy is affected much by Chinese economic policy because China

is the primary trade partner for Vietnam.

Cautious exchange rates policies, although different, have been followed in both

countries. Since the end of the 1980s China introduced some flexibility with the

establishment of foreign currency swap centers and the double exchange rates re-

gime which was abolished in 1994. The renminbi-dollar parity has been strongly

depreciated during the 1980s until 1994. Since then, it remained fixed in spite of

a limited adjustment after 2005. At the end of the 1980s Vietnam was facing a

cumulative inflation-depreciation process but realised a successful stabilisation in

1992. The dong-dollar parity remained stable until 1996 and then was progres-

sively depreciated. On the whole, thanks to the lack of financial liberalisation,

exchange rates have been kept under control in both countries, with a more pre-

cocious liberalisation of the currencies market in Vietnam. But results in terms

of monetary misalignments and price competitiveness appeared contrasted.

Exchange rate misalignment is defined as the gap, in percentage, between obser-

ved exchange rates and equilibrium exchange rates. Various methodologies can

be used to estimate equilibrium exchange rates. The PPP (Purchasing Power Pa-
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rity) is the oldest one. It is a simple approach using only relative prices to explain

movements of equilibrium exchange rates. It ignores, however, the other structu-

ral factors and seems too schematic, even when completed by a Balassa effect.

Besides PPP, three main theories of equilibrium exchange rates can be distingui-

shed, the Fundamental Equilibrium Exchange Rate (FEER) initially proposed by

Williamson (1985), the Behavioural Equilibrium Exchange Rate (BEER) which

is an econometric approach (Clark and MacDonald, 1997) and the Natural Real

Exchange Rate (NATREX) which tries to give a theoretical basis with a dynamic

analysis (Stein and Allen, 1997).

The BEER approach studies the exchange rate dynamic with some main variables

(net foreign assets, terms of trade, productivity, oil prices) which influence the

real exchange rate at long term. A long term equation is first estimated by a

co-integration method and then, using an error correction model, a short term

equation is estimated. The exchange rate misalignments are simply measured by

the gap between the observed exchange rate and the value estimated at long term.

This econometric approach is rather easy to manage and gives useful results.

But the theoretical basis is weak and recent improvements have been mainly

statistical. There is no clear reason why the long term value would refer to any

equilibrium.

The NATREX develops a theoretical model with a distinction between short,

medium and long term. The NATREX is supposed to assure the equilibrium of

the current account independently of cyclical factors and of speculative capital

flows. The internal equilibrium is also supposed to be reached. But, beyond these

theoretical foundations, the estimation of the NATREX relies on a reduced equa-

tion which is not clearly linked with the original model. Like in the case of the

BEER, the approach is econometric with variables added at short term without

clear justification and with a long term value which can hardly be regarded as an

equilibrium one.

The FEER is defined as the exchange rate prevailing when the economy simulta-

neously reaches the external equilibrium (sustainable current account determined

in function of structural parameters) and the internal equilibrium (full utilisation

of the productive potential). This approach is based on a structural model which

mainly describes foreign trade relations and relates explicitly movements of ex-

change rates to internal and external imbalances. It has the advantage of focusing

directly on structural parameters of each country. It allows for the estimation of

equilibrium exchange rates of the different partners in a coherent manner by using
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a multinational trade model, which is rarely assured in the other approaches. Its

limited linkages with the inter-temporally optimizing literature is often criticised

but the FEER does not pretend to describe the modality of the return to the

equilibrium. It searches only, for each period, to estimate the real misalignment

induced by internal and external imbalances in terms of comparative static. The

theoretical aim may be less ambitious than in the other methods but the mo-

del is more operational to take into account structural parameters influencing

the equilibrium exchange rate. Although each approach presents advantages and

weaknesses, we prefer the FEER analysis.

Within this framework, calculations for the Chinese renminbi will be conducted

with the help of a multinational model describing the external trade of three major

East Asian countries with their principal partners (China, Japan, Korea, United

States, Euro Zone and the rest of the world). For Vietnam a simplified model will

be used and the result will be articulated with those of the multinational model.

Exchange rate results will be given, both in real effective terms and in nominal

bilateral terms against the U.S. dollar for 1982-2004 for China and for 1990-2004

for Vietnam. Our model is constructed in differential logarithmic with regard

to the equilibrium, which gives directly the degree of misalignment of exchange

rates.

This methodology is inspired by the one adopted by Couharde & Mazier (2001),

Borowski & Couharde (2000), and Jeong & Mazier (2003). Several methodological

novelties have been added to.

– Equilibrium current account balances are determined by estimating structural

determinants of the current account (demographic features, stages of develop-

ment, foreign direct investment, public deficit, net foreign assets, etc.) with

panel data, following the studies of Faruqee and Debelle (1998) and Chinn and

Prasad (2000).

– The foreign trade model is constructed with a fully account of the interdepen-

dence between the major countries. The rest of the world is modelled explicitly,

which guarantees the coherence of the results at the world level and resolves

the problem of the n-1 parities. Lastly, the effects of the external debt service

on the current account are incorporated in the model.

– Sensitivity tests are conducted in order to assess the sensitivity of results to

adopted targets (current account, internal equilibrium) and to values of para-

meters (price-elasticity).
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The paper is organised as follows. A second section resumes the main trends of

the exchange rate policy of the two countries. A third section presents the mul-

tinational model used for the main currencies and the national model used for

Vietnam. A fourth section gives estimations of internal and external equilibrium

for both countries. A fifth section presents estimations of exchange rate misali-

gnments with sensibility tests and comparisons with other studies, which allow

appreciating the robustness of results. A last section resumes and concludes. Les-

sons are drawn concerning exchange rates policies and competitiveness of the two

economies, both at the East Asian and world levels.

2 Exchange rate policies in China and Vietnam

Exchange rate policies have been cautious and pragmatic in both countries during

these periods of transition, but rather different in their implementation. China

has adopted a system of double exchange rates which has been abolished only

in 1994. With this managed system a rapid depreciation has been realised. With

the launching of Doi Moi in 1989 Vietnam faced a different monetary situation

due to the huge dollarisation of the economy. Rather quickly since 1991 a unique

exchange rate floating system was settled with an effort to stabilize the exchange

rate of the dong with dollar. In this respect the liberalisation of the exchange rate

operations has been more radical in Vietnam than in China where the discrepancy

between the official rate and the swap centers or the conversion rates remained

significant until the beginning of the 1990s.

Before 1979, the Chinese exchange rate system was characterized by the State’s

monopoly of foreign exchange transaction and administratively fixed exchange

rates. This system was compatible with centralized organization of foreign trades

where the government attributed foreign exchanges according to government im-

port planning. In 1981 the authorities created conversion rates for commercial

operations in order to stimulate exports and to contain imports. In January 1985,

official exchange rates and conversion rates were unified. At the same time, the

authorities allowed for the establishment of swap centers of foreign exchanges

where companies having certain quota of foreign exchange can sell them at nego-

tiated rates. The transactions organized at these centres increased to reach the

half of exports revenue of China at the beginning of the 1990s. Exchange rates

of these transactions became the reference rates more and more used even for
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companies’ compulsory cessions to Central Bank of China.

In this way in 1993, 80% of foreign exchange transactions were realized at this

rate of swap centers. In January 1994, the authorities took note of this evolution :

they abolished the double exchange rate regime system and established a single

exchange rate aligned to that of the swap centers. Since then until the mid-2005,

China’s exchange rate regime can be considered as a de facto peg to the dollar, as

the exchange rate against dollar has not changed. In July 2005, Chinese Central

Bank announced a reform of the exchange rate regime. Under this reform, the

Central Bank incorporates a “reference basket” of currencies when choosing its

target for the renminbi. In practice, the renminbi has only been slightly reevalua-

ted against the dollar.

The figure 1 illustrates the evolution of renminbi’s exchange rates in bilateral

nominal terms and real effective terms. The de facto bilateral nominal exchange

rate is calculated considering weights of foreign exchange transactions in the

swap centers. Bilateral nominal exchange rate of the renminbi vis-à-vis the US

dollar experienced strong devaluations for 1980-1994 by over 400%. In official

terms, it underwent two times substantial devaluations in 1990 and in 1994. In

particular the devaluation of 1994 was by 50%. Nonetheless, the evolution of

the de facto exchange rate seems less drastic than the official one. In de facto

terms, the renminbi experienced only a devaluation of 18% in 1994. If we consider

real effective exchange rate of renminbi (calculated with consumer prices), the

renminbi experienced trend depreciation during the period 1980-1993 (by about

300%), and appreciated between 1993 and 1997, and then stabilized. Especially

it remained rather stable during the Asian crisis of 1997-1998.

Before 1989 Vietnam had adopted a multiple exchange rates system with two of-

ficial exchange rates for foreign trading and non trading and an internal exchange

rate applicable to business relations between domestic entities. A parallel foreign

exchange market was tolerated with exchange rates equivalent at the beginning

of 1989 to five times the official rate in spite of many official devaluations. The

main problem was at that time to restore confidence in the national currency.

The dollarisation of the economy was recognised in October 1988 with the pos-

sibility of opening and using bank accounts in dollars. In March 1989 the two

official exchange rates were unified and devaluated to approach the level of the

parallel exchange rate. Vietnamese authorities adopted a more market oriented

policy in order to reduce the gap between parallel exchange rate under 20%. From
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Figure 1: Evolution of exchange rates of Chinese renminbi 
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1989 to 1991 the depreciation of the dong was huge with high rate of inflation.

Vietnamese economy was facing the vicious circle of inflation and cumulative

devaluation.

In 1991 the Vietnamese government confirmed its market oriented exchange rate

policy, but with the determination to stabilize the exchange rate. In this pers-

pective tighter control over use of foreign exchange were maintained. Two offi-

cial foreign exchange transaction floors were opened in Ho-Chi-Minh-City and

Hanöı in August and November 1991 where the State Bank, commercial banks

and main export-import companies were participating. Official exchange rates

were set based on auction-based rates at these foreign exchange floors where the

State Bank played a dominant role. Exchange rates fixed on these markets were

used as reference for the exchange rates band (+/- 0.5%) within which commer-

cial banks were allowed to trade foreign exchanges (Vo et al., 2000). In December

1991 Vietnamese authorities succeeded to provoke a sharp decrease of the dollar

(around 10%) by two means : a massive selling of dollars by the State Bank ;

the announcement that the State Bank was ready to satisfy any demand of gold

by firms or households. These actions contributed to assure the credibility of the

stabilisation policy.

The dong-dollar parity was actually stabilised from 1992 to 1996 and the parallel

market premium remained less than 1%. In 1994 the two foreign exchange tran-

saction floors were replaced by an inter-bank foreign exchange market in which

the State Bank remained influential. On several occasions, the State Bank was

obliged to purchase dollars to prevent an appreciation of the dong, as it can be

reflected in the increase of the foreign exchange reserves. In practice, from 1992 to

1996, although the official policy was a floating exchange rate system, the dollar

was used as a nominal anchor.

The difference appears clearly with China where until 1994 a flexible exchange

rate policy prevailed with an important depreciation of the renminbi. This can

be partly explained by two factors : the dollarisation of the Vietnamese eco-

nomy which pled in favour of an anchor policy on the dollar ; the more restrictive

credit policy followed by Vietnam, especially towards state-owned enterprises

which have been restructured and have reduced employment (Guillaumont and

Guillaumont-Jeanneney, 1998). In contrast, the reform of public enterprises in

China has been slower until the middle of the 1990s with financing, first, by

public subventions and, then, by large banking credits.
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The end of 1996 marked a turning point in Vietnam. Under the pressure of

falling exchange reserves, increasing current account deficit and the drop in capital

inflows during the Asian crisis, the dong was progressively depreciated. Since

the end of 1996 the exchange rates band was widened from 0.5% to 10% in

October 1997. In February 1999 a new arrangement was introduced towards a

more flexible exchange rate regime with an average inter-bank exchange rate set

by the State Bank. To cope with pressures on exchange rates, strict controls

over foreign exchange continued to be exercised. However, although effective,

these capital controls could not stop some capital evasion through leads and

lags in commercial settlements and forward exchange operations to cover trade

transactions. On the whole, from 1997 to 2004 a progressive depreciation of the

dollar-dong parity has been achieved while preserving low rate of inflation.

Real effective exchange rates (REER) give another light on the exchange rate

policy followed (figure 2). The sharp depreciation in 1989 and 1990 of the REER

must be relativised as it only concerned the official exchange rate. On the contrary

the REER calculated with the parallel market exchange rate has been apprecia-

ting from 1998 to 1990 due to the high rate of inflation which was prevailing.

Since 1991 the evolutions of the official and parallel exchange rates have been

close. With the stabilisation of the dollar-dong parity, REER appreciated by

around 50% between 1991 and 1997. Lastly, thanks to the more flexible policy, it

stabilised after 1998 and remained more or less constant until 2004.

On the whole the evolution of REER illustrates a new contrast between Vietnam

and China. China has depreciated the renminbi in real terms until 1994 before

anchoring it on the dollar for ten years. At the opposite, the dong has been

appreciated in real terms from 1989 to 1997 before being stabilised.

3 The model

3.1 Multinational model for the China

The model describes trade structure of three Asian countries (Japan, South Korea

and China) as well as of the United States and the Euro Zone (export volume

equation (1), import volume equation (2), import price equation (5) and export

price equation (6)). For the rest of the world, their export and import volumes
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Figure 2 : Evolution of exchange rates of Vietnamese dong 
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are determined as the residual of equations of world trade equilibrium in volume

(3) and in value (4) while their export and import prices are determined in the

same way as the other countries. We notice that this multinational specification

gives a full account of interdependence effects in volume and prices of exports

and imports of all countries.

We incorporate a consumer price equation (7) in order to take into account the

feed back effect between consumption and import prices. The current account is

defined as in equation (8) for all the countries except for the rest of the world.

Lastly, real effective exchange rates are defined as relative consumption prices

with the five countries in our model as trade partners (9). With usual notations,

the model is written as :

Trade volume equations

Export volume equation

Xi = X0iDM
ηxi
i COMPXεxi

i (4.1)

with

DMi =
∏
j

Mαij
j

and

COMPXi =
PMXi(

PXi

Ei

)
Import volume equation

Mi = M0iDI
ηmi
i

(
PDi

PMi

)εmi

(4.2)

for i = 1 − 5 (1 = Japan, 2 = South Korea, 3 = China, 4 = United States, 5 =

Euro zone)

World trade equilibrium in value and in volume
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Equilibrium in value

∑
PXiXi =

∑
PMiMi (4.3)

Equilibrium in volume ∑
Xi =

∑
Mi (4.4)

Price equations

Import price equation

PMi = PMMαmi
i PD1−αmi

i (4.5)

PMMi =
∏
j

(
EiPXj

Ej

)µij

Export price equation

PXi = PMXαxi
i P 1−αxi

i (4.6)

with

PMXi =
∏
j

(
PXj

Ej

)λij

Consumer price equation

PDi = PMai
i P

1−ai
i (4.7)

for i = 1− 6 (6 = rest of the world)

Current account and real effective exchange rate

Current account

Bi = PXiXi − PMiMi − iiFiEi (4.8)
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for i = 1− 5

Real effective Exchange rate

Ri =

∏
j

(
PDj

Ej

)υij

(
PDi

Ei

) (4.9)

for i = 1− 6

where X = exports in volume, DM = world demand in volume, DI = internal

demand in volume, COMPX = export price competitiveness, PX = export prices,

PMX = competitor export prices, M = imports in volume, PM = import prices,

PMM = world import prices, PD = consumer prices, P = producer prices, E =

nominal bilateral exchange rates vis-à-vis the dollar, R = real effective exchange

rates, B = current account balances, i = interest rates for external debt, F = net

external debt.

We notice that in the model the dollar plays the role of reference money (E4 = 1)

and the bilateral exchange rates of other currencies against the dollar are written

as 1$ = E1 yens = E2 wons = E3 renminbis = E5 euros = E6 monetary units of

the rest of the world.

In this framework, fundamental equilibrium exchange rates (FEER) are defined as

the real effective exchange rates compatible with simultaneous realization of the

internal and external macroeconomic equilibrium at the medium term of each

country. The internal equilibrium means that actual output follows trajectory

of the potential production (DI = DIe is determined when Y = Y e satisfies)

and the external equilibrium means that actual current account corresponds to

sustainable current account (B = Be) at medium term.

As mentioned in the introduction, estimations are conducted in logarithmic dif-

ferentials in order to simplify the calculation. Small letters mean logarithmic

differentials of the variables, such as e = dE
E

= E−Ee

Ee for the bilateral exchange

rates and x = dX
X

= X−Xe

Xe for the other variables, except for the current accounts

b = B
PY
− Be

P eY e where b represents the difference between actual current account

and equilibrium current account in percentage of GDP.

In the logarithmic differential form (Annex 1), the degree by which the economy
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deviates from its internal and external equilibrium determines the degree of mi-

salignments of its currency. The degree of deviation of internal demand from its

equilibrium level for country i is accounted for by the internal equilibrium imba-

lances dii =
DIi−DIe

i

DIe
i

with DIe
i = equilibrium internal demand. This equilibrium

internal demand is linked to the potential production.

On the other hand, the gap between actual current account and equilibrium one

bi = Bi

PiYi
− Be

i

P e
i Y e

i
, which is central in determining exchange rate misalignments,

represents the degree of external disequilibrium. In simulations, we use bi as the

gap between “corrected” current account and the equilibrium current account(
B

PY

)c−
(

B
PY

)e
. The observed current account in percentage of GDP ( B

PY
) must be

corrected by lagged effects of exchange rate variations in the past because FEER

is a medium-term notion and some parts of current account disequilibrium derive

from delayed adjustments to exchange rate variations.

Compared to earlier studies of the same kind, the following methodological diffe-

rences must be emphasised :

– Foreign debt service is explicitly considered in the current account determina-

tion equation.

– Foreign trade of the rest of the world, although not modelled with its own export

and import equations, is calculated in an endogenous way by the equilibrium

of the world trade in volume and in value.

– Summing up the current account targets of five countries enables us to find

out the target for the rest of the world ( BRW e

PRW eY RW e ). But this target cannot be

used for estimation of the equilibrium exchange rate of the rest of the world in

the same way as for other countries, that is to say, this constraint cannot be

imposed to all the countries.

– The model, however, allows us to calculate an “equilibrium exchange rate” of

the rest of the world (eRW ) which is coherent with the equilibrium exchange

rates of five other countries under the constraint of the world trade balance but

without being compatible with its current account target ( BRW e

PRW eY RW e ).

On the whole, the multinational model comprises 35 endogenous variables (xi,

mi, pxi, pmi, pdi for six countries or areas and five bilateral exchange rates ei)

for 35 equations (xi,mi, bi for the five countries other than the rest of the world

pxi, pmi, pdi for six countries and two world trade equilibrium equations). Real

effective exchange rates (ri) are calculated afterwards with help of bilateral ex-

change rates and of consumption prices. Producer prices pi are supposed to be at
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equilibrium at the present level of calculation which means we don’t include the

price-wage circle in our model. Exogenous variables are the internal equilibrium

gap and the external equilibrium gap (dii and bi).

3.2 The simplified model for Vietnam

As far as Vietnam is concerned, it is acceptable to suppose that it doesn’t have

much effect on trade volumes and prices of other bigger countries and, on the

contrary, its trade is influenced by bigger countries’ trades and trade prices are

fixed by the world market. Based on this hypothesis, we use a simple national

model which describes Vietnam’s external trade in the same way as in the pre-

vious multinational model, but in which world demand and world trade prices

are exogenous. Besides, the use of the complete multinational model confirms

that, when a country is of small size, the estimated equilibrium exchange rate

is extremely similar, whether we utilize the complete multinational model with

full trade interdependence or a simple model limited to one country (Jeong and

Mazier [2003]). The following equations specify the trade volume and price equa-

tions for a small country facing world economy. The last equation (14) describes

the formation of current account.

Xi = X0iD
∗ηxi
i

(
EiP

∗

PXi

)εxi

= X0iD
∗ηxi
i R

(1−αx)εxi
i (4.10)

Mi = M0iDI
ηmi

(
Pi

PMi

)εmi

= M0iDI
ηmiR−αmi∗εmi

i (4.11)

PXi = (EiP
∗)αxi P 1−αxi

i = Rαxi
i Pi (4.12)

PMi = (EiP
∗)αmi P 1−αmi

i = Rαmi
i Pi (4.13)

Bi = PXiXi − PMiMi − iiFiEi (4.14)

Ri =
EiP

∗

Pi

(4.15)
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P ∗ = PX∗
i =

∏
j

(
PXj

Ej

)λij

≈ PM∗
i =

∏
j

(
PXj

Ej

)µij

(4.16)

where P ∗ = world prices, D∗ = world demand in volume ; Ri = real effective

exchange rate.

Solving this simplified model in logarithmic differential form gives ri, the misa-

lignments of Dong in real effective terms. By using equation (15), we can find

out ei, the degree of misalignments of Dong in nominal bilateral terms. In this

purpose, we take Japan, South Korea, China, the United States, the Euro Zone

and the rest of the world as partner countries and we use the values of pxj and

ej estimated previously with the multinational model.

3.3 Elasticities of trade equations

Without doing original econometric work, trade equations are taken from exis-

ting estimations done with specifications close to the standard model presented

above. We use especially long-term elasticities. Considering the uncertainties of

estimation, sensibility tests to elasticity modifications will be carried out and

represented in the later the paper. The following table 1 compares trade bloc

elasticities for five countries provided by different available estimations.

The elasticities of the MIMOSA model for Japan and the United States (close to

those of Wren-Lewis), those of Barell for Korea, those of Dées for China and those

of Hervé for the Euro Zone are taken for our simulation. The price elasticities are

rather in accordance with the generally admitted hierarchical position of countries

in the world trade. The relatively weak value for China could be surprising but

might be explained by the particular nature of the Chinese trade. The trade model

of China was estimated for the period 1985-1998 and for the first half of the 1980s

the role of exchange rates in exports and imports is considered as little significant.

By the way, Japanese and American exporters turn out to be largely price maker.

For Vietnam econometric estimations were difficult to realise due to the lack of

data for a sufficiently long period. The value of foreign trade elasticities has been

chosen using mean values obtained for South East Asian countries (Jeong and

Mazier, 2003).

Table 1 : Elasticities of trade equations for the multinational and sim-
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plified model

Country Study Price elasticity Demand elasticity

εx εm αx αm S ηx ηm

China Dées 0.71 1.02 0.56 0.66 0.89 0.75 1.04

Brillet 0.66 0.462 0.85 0.60 0.64 1 0.979

Vietnam ours 0.5 0.9 1 1 0.6 1.5 1.2

Korea Barell 2.2 1.2 1 1 1.2 2.0 1.2

Kim 1.11 0.102 − − 0.1 1.29 1.593

Japan MIMOSA 1.26 1.47 0.19 0.56 1.47 1.01 1.50

NIGEM 1.19 0.61 0.24 1∗ 0.75 1 1.69

Wren-Lewis 1.36 1.16 0.16 0.78 1.43 0.91 1.20

USA MIMOSA 0.91 1.44 0.09 0.5 1.14 1.04 1.56

NIGEM 0.52 0.61 0 1∗ 0.11 1 2.52

Wren-Lewis 0.96 1.35 0.19 0.55 1.16 1.12 2

Euro zone ECB 0.82 0.3 0.3 0.35 0.63 1 1

Hervé 1.39 0.3 0.75 0.64 0.65 1.05 1.06

(*) import prices aren’t estimated econometrically in the NIGEM model

4 External and Internal Equilibrium in the Me-

dium Term

4.1 Estimation of equilibrium current account

As put forward by Faruquee & Debelle (1998) and Chin & Prasad (2000), the

current account balance equals the difference between domestic saving and in-

vestment (i.e. the saving-investment balance). It is necessary that current account

developments are examined from the perspective of the medium to long-run fun-

damental determinants of saving and investment behaviours. According to them,

the principal determinants of the current account at medium term are : demogra-

phic characteristics such as dependency ratio (the ratio of dependent population

to working age population) which is expected to exert a negative influence with

a higher dependency ratio leading to more spending and net foreign asset which
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is expected to have a positive effect due to the capital income generating from it.

The next determinant is foreign direct investment (FDI) that might lead to a de-

terioration of the current account for at least two reasons. First, an improvement

of the productive potential can be expected in the presence of positive impacts of

the FDI on production such as diffusions of new technologies or new management

methods which can subsequently induce an improvement of the trade balance in

the future. This sequence of expectations makes the initial deterioration easier to

sustain. Second, FDI by itself facilitates financing of the current deficit. Another

determinant is relative real GDP per capita which exerts a non-linear influence

according to stages of development. The fifth one is government budget balance

where a public deficit will have a negative effect on the current account. Finally,

output gap is included as a short-term variable because a high utilisation of the

production capacity contributes to deterioration of the current account. This va-

riable will however be eliminated in the simulation of the equilibrium current

account.

Equations of current account are estimated on panel data for 1979-1998 for two

groups of countries. One group is composed of 22 industrial countries and will

be used for determining current account targets of Japan, South Korea, the Euro

zone and the United States. The other group, composed of 18 emerging econo-

mies, will be used for determining current account targets of China and Vietnam.

Panel unit root tests are first implemented. The results show that some variables

are significantly stationary in most of the tests and others are evaluated to be

stationary or non-stationary in the other remaining tests. We presume these va-

riables are stationary. But one problem arises regarding the relative GDP per

capita (Y PPP ) which is evaluated to be non-stationary by most of the tests. To

solve this, we first try simple panel OLS with Y PPP in differential to see if the

variables behave as theory predicts

CURit = α1GOVit+α2DEPit+α3FDIit+α4NFAit−1+α5GAPit+α6d (Y PPP )it+uit

(4.17)

and then we try three OLS specification forms : simple OLS, OLS with country

fixed effects and OLS with time effects without Y PPP

CURit = α1GOVit+α2DEPit+α3FDIit+α4NFAit+α5GAPit+bi+ct+uit (4.18)

where CUR = current account balance (as percentage of GDP), GOV = govern-
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ment budget balance (as percentage of GDP), DEP = total dependency ratio :

population under 19 years old and population over 65 years old as percentage of

population between 20-64 years old ; DEPY = young dependency ratio : popu-

lation under 19 years old as percentage of population between 20-64 years old,

FDI = foreign direct investments (net inflows as percentage of GDP), NFA =

net foreign assets (as percentage of GDP), GAP = output gap (actual real GDP

in percentage of potential GDP) ; Y PPP = real GDP per capita in PPP dol-

lars (as percentage of that of the United States, base year =1990) ; bi = country

effects, ct = time effects.

Table 2 : Determinants of the current account for industrialized coun-

tries

Variables OLS 1 OLS 2 OLS 3 OLS 4

GOV 0.29 (6.81) 0.28 (6.55) 0.38 (7.42) 0.24 (5.37)

NFA−1 0.08 (11.81) 0.09 (12.39) 0.01 (1.04) 0.09 (13.41)

DEP −0.08 (−2.22) −0.08 (−2.16) −0.38 (−3.42) −0.04 (−1.08)

DEPY 0.03 (1.09) 0.06 (2.08) 0.22 (2.34) 0.06 (2.17)

FDI −0.19 (−1.63) −0.22 (−1.80) −0.17 (−1.26) −0.21 (−1.69)

GAP −0.65 (−10.49) −0.57 (−9.36) −0.57 (−9.87) −0.59 (−8.84)

d(YPPP) 0.43 (4.47) (−) (−) (−)

C 4.93 (3.03) 3.75 (2.28) 15.93 (4.67) 0.60 (0.34)

R
2 0.49 0.46 0.59 0.49

Note : OLS 1 : OLS with Y PPP , OLS 2 : Simple OLS, OLS 3 : OLS with

country effects, OLS 4 : OLS with time effects. (.) : t-statistics.

For industrialized countries, coefficients are on the whole significant with the

predicted signs in different specifications as shown in Table 2 . The government

budget balance which applies positively has statistically significant coefficients.

The total dependency ratio has negative effects on the current account. The net

effect of young dependency ratio is negative when combined with effects of total

dependency one. As predicted, the net inflows of FDI lead to greater current

account deficit while the net foreign assets exert a positive influence through the

capital income generated. The output gap turns out to have negative effects on

the current account. On the contrary, the GDP per capita in PPP produces

surprisingly significant result. Comparing three different specifications without

d(Y PPP ), the results are quite similar. The country and time effects give a rise in
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the dependency ratio. We adopt simple OLS specification in order to calculate the

fitted current account because, as Chinn and Prasad (2000) pointed out, including

fixed effects in would detract from much of the economically meaningful parts of

the analysis for understanding cross-country variations in current account. Thus,

using fixed effects estimators would sweep under the rug much of the cross-country

variations in current accounts that is, after all, the focus of this study.

Results for emerging countries are not as good as those for industrial countries

which is also the case of other empirical studies (Chinn and Prasad, 2000). The

coefficients, as in the case of the industrialised countries, are on the whole signi-

ficant with predicted signs in different specifications as shown in Table 3 except

for a small exception of d(Y PPP ) which has a negative sign in the case of emer-

ging countries and a positive sign in the case of industrialized countries. But this

exception is compatible with the theory of development stages. Comparing the

results of the OLS and fixed effects without d(Y PPP ), it is easy to see that the

fixed effect has a higher total dependency ratio but its sign is positive which can

hardly be explained. The net foreign assets exert a positive influence while the

net flows of FDI allow a worsening of the current account deficit. As in the case

of industrialised countries, simple OLS specification is adopted to estimate simu-

lated current account. It is worth noting that in simulating equilibrium exchange

rates, we use actual values of NFA and DEPY and smoothed values of GOV

and FDI but exclude GAP in order to remove short-term effects.

Table 3 : Determinants of the current account for developing countries

Variables OLS 1 OLS 2 OLS 3 OLS 4

GOV 0.11 (2.34) 0.09 (1.92) 0.11 (1.71) 0.08 (1.56)

NFA−1 0.06 (7.54) 0.06 (7.73) −0.01 (−0.54) 0.07 (8.64)

DEP −0.21 (−2.08) −0.19 (−1.86) 1.17 (2.21) −0.08 (−0.80)

DEPY 0.18 (1.94) 0.17 (1.76) −1.21 (−2.31) 0.09 (0.94)

FDI −0.17 (−1.25) −0.22 (−1.56) −0.41 (−2.38) −0.31 (−2.20)

GAP −0.30 (−6.61) −0.35 (−7.83) −0.32 (−7.30) −0.36 (−7.41)

d(YPPP) −0.60 (−3.58) (−) (−) (−)

C 4.57 (2.16) 3.99 (1.86) −8.44 (−1.46) 0.45 (0.19)

R
2 0.30 0.28 0.37 0.33

Note : OLS 1 : OLS with Y PPP , OLS 2 : Simple OLS, OLS 3 : OLS with

country effects, OLS 4 : OLS with time effects. (.) : t-statistics.
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4.2 The simulated equilibrium current balances

The figures 3a and 3b in the below give the current account balances of two

countries in observed and equilibrium values with the contributions of each ex-

planatory variables. China has an equilibrium current account which is close to

zero % of GDP during the early years of the 1990s which seems to be coherent

with the policy adopted by Chinese authorities who wanted to avoid the resort to

large external debt. The downward movement of the equilibrium current account

to −0.5% of GDP during 1994-1997 can be well explained by the surge in FDI.

Since then the equilibrium current accounts shows consecutive improvements to

reach 1.3% of GDP in 2004. In this evolution the improvement of net external

position plays a positive role while the reversed evolutions of two dependency

ratios are compensating each other.

Vietnam has an equilibrium current account slightly decreasing from−2% of GDP

in 1990 to −5% in 1999 and then moderately improving. The negative contribu-

tion of the net foreign assets until 1999 and the improvement of its contribution

afterwards explain an important part of this evolution. The reduction of the de-

pendency ratio of the young and, to a lesser extent, the reduction of the govern-

ment deficit contribute to a long run improvement. The rise of the FDI explains

also the downward shift during the 1990s.

A last correction should be specified here. In the theoretical framework of fun-

damental equilibrium exchange rates, the whole difference between the observed

current balance and the equilibrium one must not be interpreted entirely as an

external disequilibrium. This difference is partly be due to delayed effects of ex-

change rate variations that have not yet occurred entirely, but should be accoun-

ted for in the estimation. This correction is made by using the dynamic structure

of external trade equations from which we obtained elasticities. China shows large

delayed effects, especially because of imports’ slow reaction. For Vietnam it has

been supposed that effects of exchange rates variations were spread over two

years. The two above figures show observed and corrected current accounts with

equilibrium ones.
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Figure 3a : Chinese and Vietnamese current accounts 
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Figure 3b : Contributions of the main factors to the current accounts 
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4.3 The estimation of internal equilibrium

The internal equilibrium is defined as the state of full utilisation of productive

resources of one country without provoking inflation pressures. For the sake of

simplification, a restrictive approach, limited to the measure of potential output,

is adopted. The potential output provides an useful indicator of the general sup-

ply capacity. This approach of internal equilibrium is less adapted to developing

countries like China or Vietnam. It must be regarded as a first step, which seems,

however, sufficient at this stage, as it will be shown.

Different methods can be employed in calculating potential production and the

corresponding output gap. For industrialized countries (the United States, Japan,

Euro zone and Korea), we take the values estimated with production function by

the OECD and the Bank of Korea. This approach involves estimation of the po-

tential GDP with estimated production function and available production factors

in the country. It requires more information and hypotheses regarding economic

mechanisms than other simpler approaches, but is less mechanical and theoreti-

cally more relevant.

For China and Vietnam, we calculate the output gap by using the Hodrick-

Prescott filter on real GDP (or industrial production in the case of China) over

the period 1970-2004 (from 1985 for Vietnam). As already known, this filter has

certain disadvantages. It does not define well output gap at the beginning and

at the end of samples. It tends to neglect structural breaks and regime shifts.

For prolonged slowdowns it deviates too much from a production function gap.

However, a study in depth on this issue found that output gaps of East Asian

countries estimated by several methods are similar for the period 1975-2000 (Ger-

lach & Yiu, 2004). Besides, our sensitivity tests show that errors in output gap

estimation do not disrupt the whole conclusion, as it will be shown below. In the

case of Japan, Korea and China, an increase of 1% in output gap leads to less

than 1% of overvaluation.

China registered a rapid but rather unstable development with large fluctuations

of its output gap (figure 4). After experiencing alternate periods of recession,

notably at the end of the 1980s, and lasting boom periods, China escaped the

1997-1998 Asian financial crisis. It experienced a mild contraction during 1999-

2001 and recorded a vigorous expansion since 2002. Fluctuations of the output

gap are less pronounced in Vietnam. Two slowdowns have been recorded in 1990

with the beginning of the reforms and in 1998 with the effects of the Asian crisis.
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After these two slowdowns activity has been booming.

5 Equilibrium Exchange rates and Misalignments

5.1 Estimation Results

With internal and external equilibriums previously estimated, solving of the mul-

tinational model for China and other countries gives misalignments in terms of

real effective exchange rates (ri =
Ri−Re

i

Re
i

) and nominal exchange rates against

the dollar (ei =
Ei−Ee

i

Ee
i

) which allow us to determine undervaluation (ei > 0 et

ri > 0) or overvaluation (ei < 0 et ri < 0) (figure 5 and table 4) . For Viet-

nam, results come from the simple national model and are combined with those

of multinational model to give nominal exchange rate misalignments.

China’s exchange rate development in the beginning of the 1980s is difficult to

interpret due to the mode of regulation on the external trade that prevailed at

that time. However, the renminbi seemed to be overvalued in the middle of the

1980s (19% in real terms in 1985) with a massive current account deficit. The

introduction of an exchange rate determined in the swap centers led to a de

facto devaluation that allowed to reverse this situation and the renminbi was

even strongly undervalued in 1990 (20% in real effective terms) with a significant

current surplus in a context of an economic slow down. Continued devaluations

and the increasing usage of the swap centers allowed the actual exchange rate to

keep up with the depreciation of the equilibrium exchange rate and to preserve

undervaluation during most of the time in a context of deterioration of the current

account and of high inflation. As a result, when the unification of the exchange

rate system took place in 1994, the renminbi was even undervalued in nominal and

real terms. The second half of the 1990s, particularly since 1997, marked a turning

point. Economic boom and return of current surplus demonstrated the success

of the trade openness policy of the past years, while FDI inflows allowed a more

unbalanced current account. This explained the revaluation of the equilibrium

exchange rate of the renminbi during the second half of the 1990s, both in nominal

and real terms, in sharp contrast with the previous period. The stabilization of

the renminbi against the dollar and even the appreciation of the real effective

exchange rate of the renminbi meant in fact a persistent undervaluation larger

than before, both in nominal and real terms. This diagnostic could help to find an
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Figure 4 : Output gaps of China and Vietnam 
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explanation of the resistance of the renminbi facing the Asian crisis of 1997-1998.

In 2004, undervaluation of renminbi was still of 17% in real effective terms and

of 40% in nominal terms against the dollar.

The story of dong is rather different. In spite of an important devaluation in 1989

which has aligned the official exchange rate of the dong on the non official one,

the dong was again strongly overvalued (30% in real terms and 21% in nominal

terms against the dollar). This overvaluation was reflected in a huge deficit of the

current account. Until the unification of the exchange rate markets in 1991 and

the successful stabilization of 1992, progressive depreciations of the dong helped

to maintain the exchange rate close to the equilibrium value without misalign-

ments, both in nominal and real terms. In this context, with a moderate rate

of activity, the current account balance was also close to its equilibrium value

(around -2% of GDP). The second third of the 1990s appeared quite different.

The stabilization of the dong-dollar parity led from 1993 to 1996 to a sharp appre-

ciation of the dong in real effective terms and significant monetary misalignments

(an overvaluation around -15% in nominal terms against the dollar and -25% in

real terms). Consequently, with a sustained rate of growth, a huge current deficit

reappeared, culminating at near -10% of GDP in 1995. In other words, during this

period, the equilibrium exchange rate of the dong has been appreciating, thanks

to effects of the economic reforms and the improvement of the efficiency of the

Vietnamese economy. But, with the stabilization of the dollar-dong parity imple-

mented principally as a tool to obtain and preserve the internal prices stability,

the real appreciation of the dong has been too important. The overvaluation has

been the reverse of the success of the stabilization policy in matter of inflation.

The policy became more flexible after 1998. The progressive depreciation of the

dong-dollar parity authorized a stabilization of the real effective exchange rate. A

significant undervaluation of the dong appeared at the end of the 1990s and the

beginning of the 2000s (around 25% in bilateral terms against the dollar and 15%

in real effective terms). The current account balance improved a lot between 1999

and 2001. However, since 2002 the undervaluation was more marked in bilateral

terms against the dollar than in real effective terms where the dong was close to

its equilibrium parity. This recovered important asymmetries facing the different

currencies.

The case of the renminbi is especially interesting. According to our estimation,

from 2002 to 2004 the dong would have been overvalued with respect to the ren-

minbi (between -15 and -20%). In fact, it has been the case during all the period.
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The dong seems to have been permanently overvalued against the renminbi, no-

tably from 1994 to 1997 (table 4). But the overvaluation is more critical during

the recent years since competition between the two countries has been increasing.

Table 4 : Misalignments of the renminbi and the dong : undervaluation

(ri> 0 and ei> 0) or overvaluation (ri< 0 and ei< 0)

Year REER against dollar NER against dollar Dong againt renminbi

Renminbi Dong Renminbi Dong

1982 0.35 − 0.60 − −
1983 0.18 − 0.43 − −
1984 0.13 − 0.37 − −
1985 −0.19 − −0.08 − −
1986 −0.13 − 0.07 − −
1987 0.07 − 0.32 − −
1988 −0.06 − 0.05 − −
1989 −0.12 −0.34 −0.08 −0.21 −0.14

1990 0.20 −0.04 0.33 −0.04 −0.28

1991 0.19 −0.04 0.16 −0.08 −0.24

1992 0.09 0.02 0.07 0.06 −0.009

1993 −0.12 −0.26 −0.13 −0.15 −0.02

1994 0.12 −0.25 0.20 −0.16 −0.30

1995 0.03 −0.27 0.09 −0.20 −0.27

1996 0.07 −0.17 0.16 −0.06 −0.09

1997 0.26 −0.03 0.48 0.12 −0.24

1998 0.18 0.02 0.35 0.17 −0.13

1999 0.18 0.26 0.32 0.29 −0.02

2000 0.14 0.16 0.28 0.25 −0.02

2001 0.06 0.13 0.20 0.24 −0.03

2002 0.14 0.07 0.34 0.17 −0.13

2003 0.17 0.01 0.35 0.08 −0.20

2004 0.17 0.08 0.40 0.22 −0.13

Source : Authors’ estimations
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5.2 Comparison with other estimations

The previous estimations can be compared with other studies. Concerning the

renminbi, recent estimations of misalignments have been obtained for 2002 and

2003 using a FEER approach (Coudert and Couharde, 2005 ; Wren-Lewis, 2004 ;

Goldstein, 2004) or a BEER approach (Benassy-Quéré et al, 2004 ; Coudert and

Couharde, 2005 ; Wang, 2004). With the FEER approach, all estimations give a

large undervaluation of the renminbi, mainly because the current account surplus

is clearly larger than the equilibrium one. The size of the undervaluation depends

on the external target and on the parameters of the model but, on the whole, these

results are rather convergent with ours (table 5). With the BEER approach,

results are apparently more heterogeneous. In fact, when a panel approach is

used with a Balassa effect and an influence of the net foreign assets (which are

supposed to give an appreciation of the currency), the BEER approach results in

an undervaluation of the renminbi (Benassy-Quéré et al, 2004). On the opposite,

the Wang’s (2004) paper can be criticized as it is only a single country study

using annual data with eight explicative variables. So it is not surprising that the

misalignments supposed equal to the residual of the regression are found to be

close to zero.

Table 5 : Comparison with other estimations

Renminbi

Authors Method Variable 2002 2003

Coudert and Couharde (2004) FEER r 0.27 0.23

Target CUR = -1.5% e 0.49 0.44

Wren-Lewis (2004) FEER, Target CUR = 0% e 0.28 −
Goldstein (2004) FEER, Target CUR = 1% r − 0.15/0.30

Benassy-Quéré et al. (2004) BEER, panel e − 0.44/0.47

Wang (2004) BEER, one country r − −
Ours FEER, Target CUR = 1% r 0.14 0.17

e 0.34 0.35

Dong

Authors Method Variable 1991 1992-97 1998

Goujon (2003) BEER, one country r 0.10 − −0.05

Ours FEER r −0.04 −0.16 0.02
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Concerning the dong, there are few estimations of misalignments. A BEER ap-

proach is used by Goujon (2003), but only on quarterly Vietnamese data for the

period 1991-1998. Misalignments are set equal to the residuals of the regression

and, without surprise, are found small table 5. But this kind of estimation can

hardly be regarded as a measure of misalignments.

5.3 The results of sensitivity tests

Considering the existing uncertainties in the estimation of external and internal

equilibrium and in the measure of trade elasticities, three kinds of sensibility tests

have been performed :

– an increase of the target current balance of 1% of GDP,

– an increase of the potential production of 1%,

– an increase of the export price elasticity of 20%.

Several information can be withdrawn from these results (Annex 2) :

1. The sensitivity to the potential production is limited. A higher potential

production and, consequently, an increased under-utilisation of production

capacities lead to a more significant real overvaluation of the currency.

The elasticity is close to -1 on average, meaning that an additional under-

utilisation of 1% results in an increased overvaluation of -1%.

2. The sensitivity to the current account target is moderate, except for the

United States. Without surprise, an increase in the current account target,

that is, a reduction of the gap b, leads to an overvaluation of the concerned

currency. The effect weakens as the GDP share of exports and the elasticity

of current account to real exchange rate increase, and this explains the

relatively small effect for the Asian countries and, to a lesser extent, for

Europe.

3. The sensitivity to the export price elasticities also turns out to be small. On

the whole, higher export price elasticity leads to smaller changes in exchange

rates to absorb the same amount of current account imbalances. Absolute

average of results means the degree of lesser misalignments of exchange

rates under higher price elasticity. This result is reassuring considering the

existing uncertainties in the estimation of these parameters.
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We have conducted the same kind of sensitivity tests for the Vietnam. Unlike

multinational model, changes in internal and external equilibrium targets do not

affect the equilibrium exchange rates of the other countries in this simplified

model. It’s reassuring to see that the sensitivity of results to changes in several

parameters is not important like in the multinational model.

These sensitivity tests assure that the approach of Fundamental Equilibrium Ex-

change Rate provides robust results, in spite of uncertainties in estimating the

internal and external equilibrium and the parameters of trade equations.

6 Conclusion

Trade openness has played an important role in Chinese and Vietnamese econo-

mic strategies since 1990s. Cautious exchange rate policies, although different,

have been followed in both countries. Since the end of 1980s China introduced

more flexibility with the establishment of foreign currency swap centers and the

dual exchange rates regime which was abolished in 1994. The renminbi-dollar

parity has been strongly depreciated during the 1980s until 1994. Since then, it

remained fixed in spite of a small adjustment in 2005. At the end of the 1980s

the Vietnam was facing a cumulative inflation-depreciation process, but realised a

successful stabilisation in 1992. The dong-dollar parity remained stable until 1996

and then was progressively depreciated. On the whole, thanks to the lack of finan-

cial liberalization, exchange rates have been kept under control in both countries,

with a more precocious liberalization of the currency market in the Vietnam. But

results in terms of monetary misalignments and price competitiveness appeared

in contrast.

Real effective exchange rate is the first indicator of opposition. In real terms the

renminbi regularly depreciated until 1994 and then appreciated, remaining stable

during and after the Asian crisis of 1997-1998. On the contrary, the dong appre-

ciated in real terms until 1997 and then was stabilised. However, real effective

exchange rate’s evolution cannot be used to evaluate monetary misalignments.

Equilibrium exchange rates approach appears more appropriate. Within the FEER

framework, internal and external equilibrium have been estimated. A multinatio-

nal model for the main currencies and one-nation model in the case of Vietnam

have been used to evaluate exchange rate misalignments, both in bilateral no-
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minal and real effective terms. Sensitivity tests were also conducted in order to

assess the degree of dependency of the results to adopted targets and to values of

parameters. Results appeared rather robust, which is reassuring, considering the

existing uncertainties in the estimation of these parameters.

During the 1980s and until the middle of the 1990s, periods of undervaluation and

moderate overvaluation were alternating in the case of the renminbi. Pragmatic

and rather flexible exchange rate policy has been used by China during this

transition period to realise important real depreciation of the renminbi and avoid

durable overvaluation period. It has helped restructuring and modernisation of

the Chinese productive system, based on an export led growth strategy.

The second half of the 1990s marked a turning point with a durable undervalua-

tion of the renminbi, both in nominal and real terms, especially at the time of the

East Asian crisis, which explains the good resistance of China facing this crisis.

In spite of fixed renminbi-dollar parity and an appreciation in real effective terms,

this undervaluation was due mainly to the appreciation of the real equilibrium

effective exchange rate of the renminbi induced by the improvement of Chinese

competitiveness. Inflows of FDI, export stimulation strategy and modernization

of its production devices seem to have improved its non-price competitiveness

and allowed for a strengthening of its current account surplus.

On the whole, Chinese exchange rate strategy has changed radically since the

1980s but has always been well suited to the state of the Chinese productive sys-

tem. It has accompanied the first restructurings and then given a strong support

to the export led growth strategy. At the middle of the 2000s a new exchange

rate policy has begun to be defined as a too large renminbi undervaluation can

curb restructuring efforts of Chinese industries and generates imbalances, both

at regional and world levels.

Vietnamese exchange rate policy can also be regarded as successful, but for dif-

ferent reasons. The economic and monetary situations were different at the end of

the 1980s with an important dollarisation and a vicious circle of inflation and cu-

mulative devaluations. Pragmatic and skilful exchange rate policy has been used

to eliminate the dong overvaluation between 1990 and 1992. The stabilisation of

the dollar-dong parity has helped to fight inflation and restore the confidence.

But the reverse of this policy has been the re-apparition of a real overvaluation

in the middle of the 1990s which has made more painful the restructuring of the

productive system and was hardly sustainable.
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After 1998 more flexibility has been introduced and the dong became undervalued,

both in real terms and in nominal terms against the dollar. But the Vietnamese

economy didn’t benefit of an undervaluation of its currency comparable to the

Chinese case. The dong appeared overvalued compared with the renminbi, as it

has been the case since the beginning of the 1990s. This misalignment with respect

to the renminbi might have more negative effects on Vietnamese economy in the

recent period as trade relations and competition between two economies have

increased.

New challenges appeared since the middle of the 2000s. Present monetary misa-

lignments aggravate external disequilibrium within East Asian countries and at

the world level. Keeping at the regional level, there is a need of regional monetary

cooperation. To adjust substantial misalignment among East Asian currencies as

well as vis-à-vis external currencies, it would be in the interest of the Asian coun-

tries to cooperate in exchange rate policy. Different institutional arrangements

have been considered in that direction (the common basket peg policy proposed

by Williamson (1998), the yen bloc strategy of Kwan (2001), the creation of an

Asian Currency Unit). They could be adapted to each country according to the

extent of economic integration and the similarity in economic structures. Wha-

tever type of cooperation might be chosen, estimated equilibrium exchange rates

could be used to give the reference parities at the launching of the system. In

this respect the progressive reduction of the renminbi undervaluation is a key

question. Later on, periodic adjustments should be conducted in order to reco-

gnize that equilibrium exchange rates are changing at medium term in accordance

with shocks and the evolution of structural parameters. These adjustments should

allow participating currencies to remain around equilibrium exchange rates.

7 Annexes

7.1 Annex 1 : Model in logarithmic differential

Multinational model in logarithmic differentials (xi =
Xi−Xe

i

Xe
i

) is transformed into :

xi = ηxi

∑
αijmj + εxi(pxmi − pxi + ei) (4.19)
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with

pxmi =
∑
λij(pxj − ej)

mi = ηmidii + αmiεmi(pdi − pmmi) (4.20)

with

pmmi =
∑
µij(pxj − ej) + ei

∑
wxixi =

∑
wmimi (4.21)

∑
vxi(xi + pxi) =

∑
vmi(mi + pmi) (4.22)

pxi = αxipxmi + (1− αxi)pi (4.23)

pmi = αmipmmi + (1− αmi)pdi (4.24)

pdi = aipmi + (1− ai)pi (4.25)

bi = µiTi(pxi + xi − pmi −mi)− µiTiσxi(ei − pmi −mi) (4.26)

ri = ei − pdi +
∑
νij(pdj − ej) (4.27)

where wxi, wmi, vxi, vmi are the shares of country i in the world exports in vo-

lume, the world imports in volume, the world exports in value and the world

imports in value, respectively ; Ti = PXiXi

PMiMi
is the ratio of exportation to im-

portation ; µi = PMiMi

PiYi
is the openness ratio ; Fi is the net external position in
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dollars ; ii is the interest rates ; σxi = iiEiFi

PXiXi
is the ratio of external debt services

to exports.

The equation (4.26) is derived as follows :

bi =
Bi

PiYi

− Be
i

P e
i Y

e
i

= d(
Bi

PiYi

) = µid(
Bi

PMiMi

)

= µid(
PXiXi − PMiMi − iiEiFi

PMiMi

)

= µidTi − µid(
iiEiFi

PMiMi

)

= µidTi − µi(
iiEiFi

PMiMi

)(ei − pmi −mi)

= µiTi(pxi + xi − pmi −mi)− µiTiσxi(ei − pmi −mi)

for i = 1− 5 (1 = Japan, 2 = South Korea, 3 = China, 4 = United States, 5 =

Euro zone).

For the Vietnam, the model is transformed into :

xi = ηxid
∗
i + (1− αxi)εxiri (4.28)

mi = ηmidii − αmiεmiri (4.29)

pxi = αxiri + pi (4.30)

pmi = αmiri + pi (4.31)

bi = µiTi(pxi + xi − pmi −mi)− µiTiσxi((1− αmi)ri − p∗ −mi) (4.32)

ri = efi + p∗ − pi (4.33)
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The real effective exchange rate, with respect to the equilibrium one in logarithmic

differential (ri =
Ri−Re

i

Re
i

), can be estimated in a simpler way than in the case of

multinational model by using the equations 4.28, 4.29, 4.30, 4.31, 4.32 :

ri =

bi

µiTi
− ηxid

∗
i + (1− σxi)ηmidii − σxip

∗

Si

(4.34)

with

Si = (1− αxi)εxi + αxi + εmiεmi − αmi − σxi(1 + αmiεmi − αmi)

As fundamental equilibrium exchange rate approach focuses on real effective ex-

change rates, its ”by-products”, i.e. nominal bilateral parities, are thought to be

more intelligible when it is concerned with monetary policy perspectives. The

complete multinational model allows us to calculate the nominal bilateral ex-

change rates of the main currencies against dollar. The bilateral exchange rate

of the dong (ei) can be calculated from the previously determined real effective

exchange rate (ri) and the bilateral exchange rates of the principal currencies

provided by the multinational model in reversing the formula of the real effective

exchange rate defined with producer prices.

ei = ri + pi −
∑
αij(pxj − ej) (4.35)

for j = 1− 6 (1 = Japan, 2 = South Korea, 3 = China, 4 = United States, 5 =

Euro Zone, 6 = Rest of the world).
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7.2 Annex 2 : Results of sensitivity tests

Real effective exchange rate Nominal rates against dollar

Multinational model

Japan Korea China US Euro RW Japan Korea China Euro RW

bc jp -0.056 0.001 0.015 0.011 0.049 -0.019 -0.061 -0.005 0.010 0.040 -0.012

bc kr 0.000 -0.027 0.006 0.004 0.023 -0.014 -0.003 -0.057 0.006 0.018 -0.011

bc ch 0.004 0.002 -0.076 0.013 0.045 -0.028 -0.010 -0.009 -0.116 0.029 -0.025

bc us 0.022 0.013 0.038 -0.065 0.174 -0.076 0.072 0.085 0.120 0.218 0.026

bc euro 0.034 0.021 0.036 0.062 0.024 -0.060 -0.014 -0.012 0.003 -0.043 -0.100

y jp -0.011 0.000 0.001 0.000 -0.001 0.003 -0.011 0.000 0.000 0.000 0.003

y kr 0.001 -0.010 0.000 0.000 0.001 0.000 0.000 -0.020 0.000 0.000 0.000

y ch 0.001 0.000 -0.012 0.000 0.000 0.000 0.000 0.000 -0.017 0.000 0.000

y us 0.002 0.001 0.002 -0.010 0.013 -0.003 0.010 0.011 0.013 0.022 0.009

y euro 0.005 0.003 0.004 0.008 0.002 -0.007 -0.002 -0.002 -0.001 -0.007 -0.013

εx jp 0.008 0.001 0.003 0.003 0.010 0.005 0.009 0.001 0.001 0.007 0.004

εx kr 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

εx ch 0.000 0.000 0.012 0.001 0.005 0.003 0.001 0.001 0.018 0.004 0.002

εx us 0.001 0.001 0.003 0.010 0.014 0.003 0.009 0.010 0.014 0.022 0.008

εx euro 0.004 0.002 0.004 0.007 0.003 0.007 0.002 0.001 0.000 0.004 0.011

National model

bc vn 0.053 0.049

y vn 0.005 0.001

εm vn 0.012 0.008

where bc : increase of 1% in Be

P eY e , i.e. ∆(bc − bce) = −0.01 ; y : increase of 1%

in potential production, i.e. ∆(Y−Y e

Y e ) = −0.01 ; εx : increase of 20% in the price

elasticity of exports ; εm : increase of 20% in the price elasticity of imports ; and

average of changes from the base simulation results in the case of bc and y and

absolute average in the case of price elasticity.
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Conclusion

Dans cette thèse, nous avons cherché à déterminer les facteurs influençant la

croissance d’un pays en developpement. Nous avons mis l’accent sur la nouvelle

technologie, le capital humain et le taux de change.

Dans la première partie, nous avons utilisé extensivement, en ce qui concerne les

deux premiers facteurs, un modèle de croissance optimale en présence des coûts

fixes. Ces coûts fixes peuvent s’interpréter comme des coûts d’infrastructure ou

des coûts dus à la corruption. Cela montre qu’il n’est pas forcément optimal

d’investir tout de suite en nouvelle technologie. Cependant, il faut utiliser nos

résultats avec beaucoup de précaution. En effet, le bien considéré est un bien

agrégé. Il est nécessaire d’affiner nos résultats avec un modèle multi-sectoriel où,

peut-être, la nouvelle technologie peut avoir un impact même dans l’immédiat. Il

ne s’agit pas non plus de rester en retrait dans un monde où la nouvelle technologie

évolue très vite. Mais il ne faut pas croire que c’est le remède miracle qui sauve

le pays du sous-développement. D’autres volets de la stratégie du développement

n’ont pas été abordés dans cette partie de thèse :

1. La place de l’industrie lourde et des biens intermédiaires.

2. Le rôle de l’éducation et de la recherche dans le développement.

3. La place du secteur financier dans le processus du développement.

4. Les stratégies habituelles de croissance : promotion des exportations, sub-

stitution à l’imporation.

5. Les liens entre investissement étranger et croissance.

Dans les deux derniers chapitres de notre thèse, les problèmes du taux de change

ont été étudiés, d’abord d’un point de vue théorique avec un modèle d’équilibre
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général à deux périodes pour déterminer le niveau et la trajectoire du taux de

change d’équilibre pour des pays émergents, ensuite avec une application de la

méthode du FEER pour évaluer les politiques de change de la chine et du vietnam.

Nous nous sommes heurtés à des problèmes d’insuffisance des statistiques vietna-

miennes. Nous ne disposons pas de prix à l’exportation par produits et par pays,

ni de prix à l’importation, ce qui limite les analyses en termes de taux de change

réels.

Un autre point faible du modèle de cette approche est la définition de l’équilibre

externe ou plutôt de la norme du déficit. Cette question devrait être approfondie,

tant au niveau théorique qu’empirique. Les simulations économetriques ulitisées

sont en effet insuffisantes en état actuel.

L’articulation entre le modèle théorique du chapitre 3 et les applications empi-

riques du chapitre 4 demeure insuffisante. Dans l’analyse du TCER le rôle de prix

des biens échangeables et biens non échangeable devrait mieux integré, ce qui est

une faiblesse de l’approche FEER.




