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1. Introduction

Since 2001, there have been rapid and significant appreciations of the major currencies relative to the U.S. dol-
lar and currencies pegged to it. The Euro Area currency (euro), which has become one of the most important
currencies, appreciated by more than 25% in less than eighteen months relative to the U.S. dollar. Evidence,
based on experiences of the exchange rates of several currencies, indicate that these appreciations are largely
driven by the forces of multilateral adjustments to the large U.S. current account and fiscal imbalances.1 The
U.S. economy occupies a predominant position in the world economy. Therefore, when it incurs an unsustain-
able current account deficit, all other major currencies will appreciate relative to the U.S. dollar to facilitate
global adjustment to the U.S. imbalances.2 Thus, the underlying forces behind these appreciations are not
driven by real fundamentals, normally identified as shifts in the demand for and supply of countries’ produced
goods relative to those produced in the U.S. economy, but by exogenous factors.

The pirpose of this paper is to study the dynamic effects of the recent euro appreciations on the emerging
oil-exporting economies; particularly, those that trade almost only with the Euro Area. The oil-exporting
economies differ from other developing small-open economies in different aspects. They rely heavily on oil for
their exports earnings, and are highly dependent on imported consumption and capital goods and intermediate
inputs for domestic production. They also have more volatile business cycles, and are more crisis prone than
small-open developed countries. In light of these features, fluctuations in world oil prices, terms of trade and
world interest rates have significant roles on their business cycle fluctuations.

In theory, if a country’s export earnings are in the U.S. dollar, to which it pegs its home currency, and
borrows and imports in the euro, an exogenous appreciation of the euro affects its current account position
through four channels.3 First, the euro appreciation creates valuation effects on the external debts. The value
of countries liabilities increases in terms of the domestic currency and U.S. dollar, even when the country does
not borrow fresh funds. Second, the increases in the value of external debt lead to a higher risk premium.
Therefore, the country is facing higher interest rates in the international financial markets, which significantly
increases the costs of its external borrowing. Third, an exogenous appreciation of the euro deteriorates the terms
of trade; prices of exports become lower what reduces the country’s export earnings. Finally, the depreciation
of the home currency implies that it is more costly to import in the euro. Thus, if imports, priced in the euro,
slowly adjust, the current account incurs a deficit, at least, in the short term.

Therefore, to investigate the recent euro-appreciation effects, we develop a quantitative dynamic-optimizing
model of a small open oil-exporting economy with microeconomic foundations, price rigidities, and several do-
mestic and world shocks. This model is a class of New-Keynesian dynamic and stochastic general equilibrium
(DSGE) models that have become the main tool used in macroeconomics to answer different questions related
to business cycle fluctuations in both closed and open economies. Several central banks use these structural

1Bailliu, Dib and Schambri (2004) study the impacts of multilateral adjustments to the U.S. imbalances on the Canadian dollar. The
results show that these imbalances account for the recent appreciation of the Canadian dollar.

2In 2004, the United States was running a current account deficit of roughly 6% of its gross domestic product. Many observers felt
was unsustainable at the existing exchange rate levels.

3The effects of the euro appreciations should be modest on the oil-exporting economies that mostly export, import, and borrow in
the U.S. dollar, because these euro appreciations do not affect their terms of trade or the valuation of their external debt.
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DSGE models for policy analysis.4 These models are structural because their equilibrium conditions are de-
rived from the agents’ optimization problems, and their deep parameters do not depend on the behavior of the
economic agents. Also, introducing price rigidities implies non-neutral monetary policy in the short term and
allows the deviation from the law of one price in the import sector.

The model developed in this paper is based on recent studies that have developed models for small open
developed and emerging economies (Kollmann 2001, Bergin 2003, Dib 2003b, Devereux and Yetman 2003,
and others). We model the recent euro appreciations as exogenous shocks to the nominal exchange rate. This
is similar to modelling speculative forces that drive movements in the nominal exchange rate. These shocks,
besides oil-price shocks, are another important source of fluctuations of the terms of trade (defined as relative
export prices to import prices). Therefore, any exogenous appreciation of the euro increases import prices,
which in turn decreases the terms of trade, deteriorates the country’s current account, and slows down the
economic activity.

The model is calibrated to Algeria (an oil-exporting country). The main features of its economy are: (1)
the country pegs its domestic currency (the Algerian dinar) to the U.S. dollar; (2) oil accounts for roughly 95%
of its exports with prices denominated in the U.S. dollar and set in the world markets; (3) most of its imports
are from the Euro Area; (4) the country is a net debtor to the rest of the world, with at least 60% of its foreign
debt in currencies other than the U.S. dollar;5 and (5) its current account position highly depends on oil-price
fluctuations.

To build a DSGE model for the Algerian economy, we make several assumptions. First, oil is the only
tradable goods with prices, denominated in the U.S. dollar, evolve exogenously in the world markets. Second,
imported goods are exclusively from the Euro Area and invoiced in the euro currency at world prices. Third,
the value of the Algerian dinar relative to the U.S. dollar evolves exogenously following a stochastic process.
Fourth, the country has access to the international financial market where it can buy or sell non-contingent
one period euro-denominated bonds at prices that depend on the world interest rate and a country-specific risk
premium. Finally, the monetary authority (a central bank) may manage the value of the Algerian dinar relative
to the U.S. dollar and money supply to respond to shocks disturbing the economy. The monetary authority
intervenes to optimally reallocate the resources in the economy.

The simulation results show that euro-appreciation and oil-price shocks are the main resources of business
cycle fluctuations of the Algerian economy. Furthermore, as expected by the theory, the euro-appreciation
shocks have deteriorated the country’s terms of trade and the current account, as they increase the external
debt and reduce export earnings. In contrast, parallel oil-price shocks have offset the major negative impacts
of the euro appreciations. The movements of the nominal exchange rate also generate high volatility in the
economy and their negative effects are persistent. Nevertheless, the monetary authority may use devaluationary
and monetary policies to neutralize the negative effects of the euro-appreciation shocks.

The remainder of the paper is organized as follows. Section 2 develops a theoretical model of a small
open oil-exporting economy. Section 3 discusses the procedures of parametrization. Section 4 discusses the

4The bank of Canada, The US Federal Reserve Bank, the European Central Bank, the Bank of Norway, and the International
Monetary Funds have already developed DSGE models to use for projection and policy analysis.

5In 2003, only 39% of Algerian external debt is in the US dollar, see the Algerian central bank report of 2003.
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empirical results. Section 5 concludes.

2. The Model

We consider a small open economy model composed of five agents: households, an aggregator, an oil producer,
a continuum of non-oil producers and importers, and a monetary authority (a central bank). The home agents
take the world nominal interest rate, oil price, and imported-goods prices as given. Domestic households have
access to incomplete international financial markets, but they must pay, in addition to the world interest rate, a
country-specific risk premium that is increasing in the foreign-debt-to-export ratio. Oil producer, which is per-
fectly competitive in the world market, produces oil output for export only, using capital and a natural-resource
factor. Oil price is set in the world markets in the U.S. dollar. Non-oil producers and importers, however, are
monopolistically competitive with nominal price rigidities. Each producer produces, for the home market only,
a distinct non-tradable domestic-intermediate good using capital and labour as inputs. The importers import
a homogeneous good produced abroad to produce a differentiated imported-intermediate good for the home
market. We assume that most imported goods are from the Euro Area and priced in the euro currency. The
aggregator uses the domestic- and imported-intermediate goods to produce domestic- and imported-composite
goods, which it turns into a final good. The final good is divided between home consumption and investment in
the oil and non-oil sectors. The monetary authority conducts its monetary policy by managing money supply
and/or the value of the home currency relative to the U.S. dollar (devaluationary policy).

2.1 Households

The representative household derives utility from consumptionct, real balances (money)Mt=pt, and leisure
1� ht. Its preferences are described by the following expected utility function:

U0 = E0

1X
t=0

�tu (ct;Mt=pt; ht) ; (1)

where� 2 (0; 1) is the discount factor,Mt is holdings of nominal balances,ht is labour supply to non-oil
intermediate-goods producers, andpt is the consumer price level. The single-period utility function is specified
as:

u(�) =


 � 1
log

"
c
�1


t + b
1



�
Mt

pt

� �1


#
+ � log (1� ht) ; (2)

where > 0 is the constant elasticity of substitution between consumption and real balances, whileb > 0 and
� > 0 denote the weight on real balances and leisure in the utility function, respectively. We introduce money
in the utility function to derive a standard money demand function with the interest elasticity equal to�.

The household’s revenue flows come from many resources. First, it enters periodt with nominal money
balancesMt�1, and nominal net foreign bonds (debt)B�

t�1, denominated in the foreign ( euro ) currency.6 Dur-
ing periodt, the household may sell or purchase new foreign bondsB�

t on international financial markets while
6B�

t is the stock of the foreign debt if it is negative(B�
t < 0).
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receiving payments from (or paying interest on) previous period foreign bond holdings. It also earns a wage
rate,Wt, from supplying labour to non-oil intermediate-goods producers and rent payments,pLt, from the oil
producer for using the natural-resource factor (Land)Lt. Furthermore, it receives a lump-sum nominal transfer
Tt from the monetary authority, and dividend payments from the monopolistically competitive producers and
importers,Dd

t =
R 1
0 D

d
t (j)dj andDf

t =
R 1
0 D

f
t (j)dj. Finally, it accumulateskxt andkdt units of capital stocks

that are used in the oil and non-oil sectors for rental ratesRxt andRdt, respectively.7

Household uses some of its funds to purchase, at nominal pricept, consumption and investment. Investment
is divided between the two production sectors:ixt andidt are for the oil and non-oil sectors, respectively. The
evolution of the capital stocks in each sector is given by:

kjt+1 = (1� Æ)kjt + ijt �	j(kjt+1; kjt); for j = fd; xg (3)

whereÆ 2 (0; 1) is the common depreciation rate and	j(�) =
 j
2

�
kjt+1
kjt

� 1
�2
kjt is capital-adjustment cost

functions that satisfy	j(0) = 0, 	0
j(�) > 0 and	

00

j (�) < 0. The adjustment cost parameters d and x are
positive. With this specification, both total and marginal costs of adjusting capital are zero in the steady-state
equilibrium.

Then, the period budget constraint of the representative household is given by:

pt(ct + it) + Mt + et�tB
�
t =Rt � Rdtkdt +Wtht +Rxtkxt + pLtLt +Mt�1

+et�tB
�
t�1 + Tt +Dd

t +Df
t : (4)

Hereet is the endogenous nominal exchange rate [the price of foreigners’ currency (one euro ) in domestic
currency (Algerian dinar)] that is determined by real fundamentals of the domestic economy, while�t denotes
euro -appreciation shocks (exogenous shocks to the nominal exchange rate of the euro ). These shocks reflect
any appreciation or depreciation of the euro relative to the Algerian dinar contributed to exogenous factors;Rt
denotes the gross nominal interest rate of the external debt (foreign bonds) betweent and t + 1. Thus, the
domestic household sells (or purchase) foreign bondsB�

t at (Rt)�1 units of foreign output.8

Domestic households have access to incomplete international financial markets, but they must pay an en-
dogenous country-specific risk-premium terms,�t; in addition to the world interest rateR�

t . Hence,Rt = �tR
�
t ,

which reflects departures from the uncovered interest rate parity. The risk-premium terms is increasing in the
foreign-debt-to-export ratio, and evolves according to:

�t = exp

 
�'

~B�
t

yxt

!
; (5)

where' is a parameter measuring the level of risk premium,~B�
t < 0 is the average real stock of external debt,

andyxt denotes exports.9 The euro -appreciation shocks,�t, and the world gross nominal interest rate,R�
t ,

evolve according to:
7We assume that the two capital stocks are non-transferable between sectors.
8We assume that foreigners purchase only the bonds denominated in their own currancy.
9When an economy is a net debtor (eB�

t < 0) It must pay a risk-premium terms,�t; in addition to the world interest rate,R�
t .
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log(�t) = �� log(�t) + "�t; (6)

and
log(R�

t ) = (1� �R�) log(R
�) + �R� log(R

�
t�1) + "R�t; (7)

where� = 1 andR� > 1, �� and�R� 2 (�1; 1) are the autocorrelation coefficients, and"�t and"R�t are
normally distributed with zero mean and standard deviations�� and�R� , respectively.

The household choosesfct; ht;Mt; kdt+1; kxt+1; B
�
t g to maximize the expectation of the discounted sum

of its utility flows subject to the equations (3) and (4). The first-order conditions are:

c
� 1



t

c
�1


t + b
1

 (Mt=pt)
�1


= �t; (8)

�

1� ht
=
�tWt

pt
; (9)

b
1

 (Mt=pt)
� 1



c
�1


t + b
1

 (Mt=pt)
�1


= �t � �Et

�
pt�t+1
pt+1

�
; (10)

�Et

�
�t+1
�t

�
Rdt+1
pt+1

+ 1� Æ +  d

�
kdt+2
kdt+1

� 1

�
kdt+2
kdt+1

��
=  d

�
kdt+1
kdt

� 1

�
+ 1; (11)

�Et

�
�t+1
�t

�
Rxt+1
pt+1

+ 1� Æ +  x

�
kxt+2
kxt+1

� 1

�
kxt+2
kxt+1

��
=  x

�
kxt+1
kxt

� 1

�
+ 1; (12)

1

Rt
= �Et

�
et+1�t+1pt�t+1
et�tpt+1�t

�
; (13)

in addition to the budget constraint, and where�t is the Lagrangian multiplier of the budget constraint.
Equations (8) and (9) equate the marginal rate of substitution between consumption and labour to the real

wage. Equation (10) stipulates that the marginal utility of real money balances is equal to the difference between
the current and marginal utility of consumption and the expected future marginal utility of consumption adjusted
for the expected inflation rate. Equations (11) and (12) correspond to the optimal distribution of capital between
the two production sectors. Equation (13) implies the uncovered interest rate parity condition.10

2.2 Aggregator

We assume that the aggregator, which acts in a perfectly competitive market, uses domestic-composite non-oil
output,ydt; and composite imports,yft, to produce a final good,zt, according to the following CES technology:

zt =

�
(1� !f )

1

� y
��1
�

dt + !
1

�

f y
��1
�

ft

� �
��1

; (14)

10Because�Et

h
pt�t+1
pt+1�t

i
is the inverse of the domestic nominal gross interest rate.
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where!f > 0 denotes the share of imports in the final good, and� > 0 is the elasticity of substitution between
domestic and imported goods. It also denotes the price elasticity of domestic and imported goods demand
functions. Similarly, both inputs are produced using the CES technology:

ydt =

�Z 1

0
ydt(j)

��1
� dj

� �
��1

andyft =

�Z 1

0
yft(j)

��1
� dj

� �
��1

; (15)

where� > 1 is the constant elasticity of substitution between the intermediate goods in the aggregation of
composite goods. The demand function for the domestic- and imported-intermediate goods are:

ydt(j) =

�
pdt(j)

pdt

���
ydt and yft(j) =

�
pft(j)

pft

���
yft: (16)

Domestic and import prices that are the producer- and importer-price index (PPI and IPI) satisfy

pdt =

�Z 1

0
pdt(j)

1��dj

� 1

1��

andpft =

�Z 1

0
pft(j)

1��dj

� 1

1��

: (17)

Given the final-good price,pt, and givenpdt andpft, the aggregator choosesydt andyft to maximize its
profit. The maximization problem is

max
fydt;yftg

ptzt � pdtydt � pftyft; (18)

subject to (14). Profit maximization implies the following demand functions for domestic- and imported-
composite goods:

ydt = (1� !f )

�
pdt
pt

���
zt and yft = !f

�
pft
pt

���
zt: (19)

Thus, as the relative prices of domestic and imported goods rise, the demand for domestic and imported goods
decreases.

The zero-profit condition implies that the final-good price level, which is the consumer-price index (CPI),
is linked to domestic- and imported-goods prices through:

pt =
h
(1� !f )p

1��
dt + !fp

1��
ft

i1=(1��)
: (20)

The final good is divided between consumption and investment in the oil and non-oil sectors, so thatzt =
ct + ixt + idt.
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2.3 Oil (export) producer

Production in oil sector is modelled to capture the importance of natural resources in oil output. In this sector,
there is a producer that produces oil output,yxt, using capital,kxt, and a natural-resource factor called land,Lt.
Oil output is produced using the following Cobb-Dauglas technology

yxt � k�xxt L
1��x
t ; �x 2 (0; 1) ; (21)

where�x is the share of capital in the oil output.
Oil output is totally exported abroad at the price,p�xt; that is set in the world markets in the U.S. dollar.

Therefore, multiplyingp�xt by the exchange rate of the U.S. dollar relative to the home currency,�t, yields the
oil producer’s revenues (export earnings in the Algerian dinar).

Givenp�xt, �t, Rxt, andp�Lt, the price of the natural-resource factor (rent of the land paid to the represen-
tative household), the oil producer chooseskxt andLt that maximize its real profit flows. Its maximization
problem is

max
kxt;Lt

f
�tp

�
xt

pt
yxt �

Rxt
pt
kxt �

pLt
pt
Ltg

subject to the production technology, equation (21).
Oil prices are given in the world markets and the natural resource factor is exogenous, so we assume that

p�xt andLt evolve according to stochastic processes given by

log(p�xt) = (1� �px) log(p
�
x) + �px log(p

�
xt�1) + "pxt; (22)

and

log(Lt) = (1� �L) log(L) + �L log(Lt�1) + "Lt; (23)

wherep�x andL > 0, �px and�L 2 (�1; 1), and"pxt and"pxt are uncorrelated and normally distributed with
zero mean and standard deviations�px and�L, respectively.

Since the beginning of the 1990’s, Algeria has followed a managed (pegged) exchange rate regime, under
which the nominal value of the Algerian dinar is pegged to the U.S. dollar. Consequently, devaluationary policy
allows the monetary authority to manage�t to respond to shocks affecting the economy. We assume that the
devaluationary policy shock,�t, evolves according to

log(�t) = (1� ��) log(�) + �� log(�t�1) + "�t; (24)

where� > 0, �� 2 (�1; 1), and"�t is normally distributed with zero mean and standard deviation��. This
shock, which is interpreted as a devaluationary (reevaluationary) policy shock, implies an increase (decrease)
of the nominal U.S. dollar value in terms of the Algerian dinar. Devaluation or reevaluation are captured by
positive or negative innovations on"�t.

The first-order conditions derived from the oil producer’s optimization problem are:
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�tp
�
xt

pt

�xyxt
kxt

=
Rxt
pt

; (25)

�tp
�
xt

pt

(1� �x)yxt
Lt

=
Plt
pt

; (26)

k�xxt L
1��x
t = yxt: (27)

These first-order conditions give the optimal choice of inputs that maximize the oil producer’s profits flows.
Thus, the marginal cost of each input must be equal to its marginal productivity. Because the economy is small,
the demand for domestic exports and their prices are completely determined in the world markets and domestic
exports is a negligible fraction in world consumption.

2.4 Domestic intermediate-goods producers

In the non-oil sector, there are a continuum of domestic-intermediate goods producing firms indexed byj 2
[0; 1]: Each firmj uses capital stock,kdt(j); and hiresht(j) units of labour from the representative house-
hold to produce a differentiated intermediate good,yt(j), according to the following constant-return-to-scale
technology:

yt(j) � kdt(j)
� [Atht(j)]

1�� ; � 2 (0; 1) ; (28)

whereAt is an exogenous technology shock that is identical for all domestic producers. This shock follows the
process

logAt = (1� �A) log(A) + �A log(At�1) + "At; (29)

where�A 2 (�1; 1), A > 0, and"At is normally distributed with zero mean and standard deviation�A. The
domestic-intermediate good is only used by the aggregator to produce the final goodzt.

As in Dib (2003b), each producerj sells its output at price�pdt(j), on monopolistically competitive market.
Following Calvo (1983), the producer cannot change its prices unless it receives a random signal. The probabil-
ity that such a signal appears is constant and given by (1-�). Therefore, on average the price remain unchanged
for 1=(1 � �) periods.

If the producer is allowed to change its price, it chooseskdt(j) andht(j); and sets the price�pdt(j) that
maximize the expected discounted flow of its profits. Its maximization problem is:

max
fkdt(j);ht(j);�pdt(j)g

E0

"
1X
t=0

(��)l�t+lD
d
t+l(j)=pt+l

#
; (30)

subject to (28) and the following demand function:

ydt+l(j) =

�
�pdt(j)

pdt+l

���
ydt+l (31)
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where the profit function is

Dd
t+l(j) = �pdt(j)yt+l(j)�Rdt+lkdt+l(j) �Wt+lht+l(j): (32)

The domestic producer’s discount factor is given by the stochastic process (�l�t+l), where�t+l denotes the
marginal utility of consumption in periodt+ l.

The first-order conditions are:

Rdt
pt

=
�yt(j)qt
kdt(j)

; (33)

Wt

pt
=

(1� �)yt(j)qt
ht(j)

; (34)

�pdt(j) =
�

� � 1

Et
P1

l=0(��)
l�t+lydt+l(j)qt+l=pt+l

Et
P1

l=0(��)
l�t+lydt+l(j)=pt+l

; (35)

whereqt is the real marginal cost of the firm in units of final output.
The aggregate domestic price is

p1��dt = �p1��dt�1 + (1� �)�p1��dt : (36)

The equations (33) and (34) state that the marginal cost of the inputs must equal to their marginal product
weighted by the real marginal cost. The equation (35) relates the optimal price to the expected future price of
the final good and to expected future real marginal costs. This condition together with (36) allows us to derive
a New-Keynesian Phillips curve that relates the current and expected domestic-output inflation to the marginal
cost.

2.5 Importers

In the home country, a continuum of domestic importers indexed byj 2 [0; 1] import a homogeneous intermedi-
ate good produced abroad for the foreign pricep�t . Each importer uses this imported good to produce a different
good,yft(j), which is sold in a home monopolistically-competitive market to produce the imported-composite
goodyft. As in the non-oil sector, importers can only change their prices when they receive a random signal.
The constant probability of receiving such a signal is also (1-�).

When an importerj is allowed to change its price, it sets the price,�pft(j), that maximizes its weighted
expected profits, given the price of the imported-composite output,pft, the nominal exchange rate (euro/dinar),
et, and the foreign price level,p�t . The maximization problem is:

max
f�pft(j)g

E0

"
1X
t=0

(��)l�t+lD
f
t+l(j)=pt+l

#
; (37)

subject to

yft+l(j) =

�
�pft(j)

pft+l

���
yft+l; (38)
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where the profit function is
Df
t+l(j) =

�
�pft(j)� et+l�t+lp

�
t+l

�
yft+l(j): (39)

In periodt, the importer’s nominal marginal cost iset�tp�t , so that its real marginal cost is the real exchange
rate st = et�tp

�
t =pt. The importer’s discount factor is also given by the stochastic process (�l�t+l). The

first-order condition of this optimization problem is:

�pft(j) =
�

� � 1

Et
P1

l=0(��)
l�t+lyft+l(j)st+l

Et
P1

l=0(��)
l�t+lyft+l(j)=pt+l

: (40)

The aggregate import price is
p1��ft = �p1��ft�1 + (1� �)�p1��ft : (41)

The equation (40) governs the optimal setting of the new import price over time. In the absence of price rigidity
(� = 0), imported-goods prices are flexible, and the real exchange rate is constant and equal to(� � 1)=�.
This equation together with (41) allows us to derive the New Keynesian Phillips curve that relates the current
and expected import-inflation rates to the real exchange rate. The presence of price rigidity implies that the
response of the imported goods price to exogenous shocks is gradual. Thus, there is incomplete pass-through
of exchange rate changes to the levels of the prices in the economy. Devereux and Yetman (2003) found that
there is incomplete exchange rate pass-through in the emerging economies, including Algerian economy.

2.6 Monetary authority

The monetary authority conducts its monetary policy by adjusting nominal money supply. The central bank,
therefore, manages the nominal money stock by making lump-sum transfers to the representative household, so
thatMt �Mt�1 = Tt, whereMt is the per capita nominal money stock. Monetary policy evolves according to
the rule:

log(�t) = (1� ��) log(�t) + �� log(�t�1) + "�t; (42)

where�t = Mt=Mt�1 denotes the gross growth rate in periodt, �� 2 (�1; 1) is an autoregressive coefficient
and the serially uncorrelated shock"�t is normally distributed with zero mean and standard deviation��.

Thus, the monetary authority may affect the economic activity by using its devaluationary policy and/or
its monetary policy. The devaluationary policy consists in managing�t (the nominal exchange rate of the
Algerian dinar relative to the U.S. dollar), while the monetary policy allows managing�t (the money-supply
growth rate).

2.7 New-Keynesian Phillips curves and the current account

Equations (35) and (40) involve infinite summations. By linearizing these equations together with (36) and (41)
around the steady-state values of the variables, we obtain two New-Keynesian Phillips curves that relate the
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current and expected inflation to real marginal costs. The New-Keynesian Phillips curve that relates the current
and expected PPI inflation,�dt = pdt=pdt�1, to the real marginal cost in the non-oil sector,bqt; is given by

b�dt = �Et[b�dt+1] + (1� �)(1 � ��)

�
bqt: (43)

Similarly, the New-Keynesian Phillips curve relates the current and expected IPI inflation,�ft = pft=pft�1, to
the real exchange rate,st�t, is

b�ft = �Et[b�ft+1] + (1� �)(1 � ��)

�
(bst + b�t): (44)

Substituting the resource constraints, money transfer, and firms’ profit equations into the household budget
constraint allows us to derive an equation that describes the evolution of the current account, which measures,
over a period, the change in the value of a country’s claims on the rest of the world–the change in its net
foreign assets. The current account is the main channel through which foreign shocks affect domestic small
open economies. The current account of an oil-exporting country, in real terms, derived in this model is given
by

cat = B�
t �B�

t�1 =

�
1�

1

Rt

�
B�
t +

�
�tepxt
st�t

�
yxt � yft: (45)

The equation (45) states that the current account depends on interest payments(1� 1=Rt)B
�
t , export earnings�

�tepxt
st�t

�
yxt, and importsyft. In each period, the country uses a fraction(1� 1=Rt) of its new external debt,

B�
t < 0, to pay back interests on its previous debt. The interest payments positively depend onB�

t and1=Rt,
the price of foreign bonds that negatively depends on the world interest rate and the risk-premium terms. Thus,
increases in the external debt, world interest rate and/or risk premium lead to an increase in the external debt
burden (the interest payment on the external debt), implying deterioration of the current account. Tille (2003)
analyzes the impact of exchange rate movements on the U.S. current account.

On the other hand, the fluctuations in export earnings have a direct impact on the current account. The
sources of these fluctuations are driven either by variations in the terms of trade (the relative prices of exports
to imports) given by�tepxtst�t

or by changes in exports. Positive shocks to�t or epxt increase the terms of trade,
which leads to an improvement in the current account. Nevertheless, endogenous or exogenous depreciations of
the home currency relative to the Euro (increases inst or �t) imply deterioration of the current account. Finally,
import fluctuations have a direct influence on the current account movements.

In light of the paper’s purpose, we first focus on the dynamic effects of Euro-appreciation, oil-price, and
devaluationary policy shocks on the current account. Then, we analyze how these shocks are transmitted to the
economy.

2.8 Equilibrium, definitions and model solution

In the equilibrium, all domestic-intermediate producers and importers are identical, so thatyt = yt(j), ydt =
ydt(j), yft = yft(j), kdt = kdt(j), ht = ht(j), pdt = pdt(j), pft = pft(j), Dd

t = Dd
t (j), andDf

t = Df
t (j)
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for all j 2 [0; 1] and during each periodt � 0. Furthermore, the market-clearing conditionsMt =Mt�1 + Tt,
~B�
t = B�

t , and the transversality conditions regarding household accumulation of money and bonds must hold
for all t � 0.

Let rxt = Rxt=pt, rdt = Rdt=pt, wt = Wt=pt, ~pLt = pLt=pt, andmt = Mt=pt denote the real rental rate
on capital services in the oil and non-oil sectors, real wages, real price of the natural-resource factor, and real
balances, respectively. Let also~pdt = pdt=pt, ~pft = pft=pt, and ~pxt = pxt=pt denote the relative prices of
domestic, imported and exported goods, respectively.

The equilibrium system is composed of an allocation and a sequence of prices and co-state variables that
satisfy the first-order conditions of the households and the oil and non-oil producers, the aggregate resource
constraints, the money supply rule, the two New-Keynesian Phillips curves, the current account equation, and
the stochastic processes of the shocks.11

The model is too complex to permit an analytical solution. We, therefore, resolve it numerically by log-
linearizing the equilibrium conditions around the deterministic steady state to obtain a system of linear differ-
ence equations. Then, the solution was found using Blanchard and Kahn’s (1980) procedure.12 The state-space
solution is of the form:

bst+1 = �1bst +�2"t+1; (46)bdt = �3bst; (47)

wherebst is a vector of state variables that includes predetermined and exogenous variables;bdt is the vector
of control variables; and the vector"t+1 contains exogenous innovations to the stochastic processes.13 The
elements of matrices�1;�2, and�3 depend on the structural parameters of the model that describe household’s
preferences, technologies, and monetary policy. The state-space solution in (46)–(47) is used to simulate the
model for the Algerian economy.

3. Parametrization

The numerical simulations entail assigning numerical values to the model’s structural parameters. For this, we
use a combination of calibration and ordinary-least-squared (OLS) estimations. Some parameters are resorted
to calibrated values based on previous studies,14 while others are set to match the model’s steady-state ratios
to those observed in the data. The parameters of the money demand function and the exogenous stochastic

11The allocation is fyt; ct; yxt; yft; kdt; kxt; zt;mt; ht; B
�
t g

1
t=0. The sequence of prices and co-state variables is

fwt; rdt; rxt; ~pLt; ~pdt; ~pft; ~pxt; �t; �dt; �ft; �t; qt; stg
1
t=0.

The stochastic processes aref�t; epxt; �t; �t; At; Lt; R
�
t g.

12For each variablext, bxt = log(xt=x); wherex is the steady-state value ofxt.
13bst+1 = (bkdt+1; bkxt+1; bmt; bB�

t ;bepdt; bAt;b�t;bepxt; bLt; b�t; bR�t ; b�t; b�t)0;bdt = (b�t+1; bqt+1; bmt;bepft;bepLt; byt; brdt; brxt;bct; byxt; byft; b�t; bwt;bht; b�t; b�dt; b�ft; bst)0;
and"t = ("At; "�t; "pxt; "�t; "Lt; "R�t; "�t)

0.
14For example, Dib (2003a) and Christiano, Eichenbaum and Evans (2005).
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processes (autoregressive coefficients and standard deviations of the shocks) are estimated using some quarterly
Algerian, Euro Area, and U.S. data.15

First, we summarize the parameter values fixed by the calibration. The parameter�, denoting the weight put
on leisure in the utility function, is set at 1.315, so that the representative household spends roughly one third
of its time in market activities. The shares of capital in the oil and non-oil sectors,�x and�d; the depreciation
rate,Æ, are assigned values of 0.12, 0.33, and 0.025, respectively. These values are commonly used in the
RBC literature. The parameter� that measures monopoly power in domestic- and imported-intermediate-
goods markets is set equal to 6, implying a steady-state markup of price over marginal costs equal to 20%.
The parameter� determining the degree of nominal price rigidity in the domestic and import sectors, is set
equal to 0.66. Thus, on average the domestic and imported goods prices remain unchanged for 3 quarters. The
parameter�; measuring the elasticity of substitution between domestic and imported goods in final output, is
set equal to 0.5. Thus, domestically produced goods are only slightly substitutable for foreign goods. This
reflects the nature of Algerian imports. It is widely believed that it is less costly to adjust the stock of capital
in the oil sector than in the non-oil sector, so we set the capital adjustment cost parameters x and d equal to
0.1 and 0.5, respectively.16

The discount factor,�, is set equal to 0.9897, implying an annual steady-state real interest rate on external
debts of 4.16% that matches the average observed in the data for the period 1992:1–2003:4. The steady-state
domestic and world gross inflation rates are set equal to 1.015 and 1.0054, the averages observed in the data
of the Algerian and Euro Area economies. The parameter in the risk-premium terms,', is set equal to 0.0034
implying an annual risk premium of 2% (200 basis points). This value is consistent with the average interest
rates differential between Algeria and the Euro Area, and implies a steady-state foreign-debt-to-GDP ratio of
31 per cent, which is close to that observed in the data. The fraction of imported goods in the final goods,!f ,
is set at 0.24, so that the steady-state ratio of import-to-GDP matches its historical average of Algeria for the
period 1992:1–2003:4.

Table 1 reports the OLS estimation results of the money demand function and the exogenous stochastic
processes. The individual parameters are all statistically significant at the 5% level. The estimate of, the
constant elasticity of substitution between consumption and real balances, is 0.081.17 The parameterb, which is
with  determining the steady-state velocity is set equal to 0.29, implying a steady-state ratio of real balances to
GDP matches that in the data. Except for money supply process, the stochastic processes are highly persistent,
with AR(1) parameters above 0.70. The standard deviations of the innovations to the processes vary widely
in magnitude, ranging from 0.001 in the case of the world interest rate to 0.11 in the case of oil-price shocks.
The oil-price shocks are highly persistent and largely volatile, with an autoregressive coefficient of 0.81 and
standard deviation of 0.11 that is larger than the standard deviation of any other forcing process in the model.
The large persistence and high volatility of the oil-price shocks suggest the importance of these shocks for the
business cycle fluctuations of the Algerian economy. The euro-appreciation and devaluationary policy shocks

15The series used in the estimation of the exogenous stochastic processes are either stationary or HP-filtred. The sample is from
1992:1 to 2003:4.

16Mendoza (1991) assume that the capital-adjustment cost parameter is 0.1 in a small open economy model. Bernanke, Gertler and
Gilchrist (2000), however, assume it equal to 0.5 in a closed economy.

17We have estimated the money demand function using the log of real balances, real GDP, and the Algerian deposit interest rate.
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also play a significant role in the short-term fluctuations of the Algerian economy. However, the autoregressive
coefficient of the money supply shock is negative, this reflects the tightening of monetary policy that happened
during the 1990’s to control inflation.

The data used are from many sources. The Algerian data are mostly from the IMF financial statistics
report (2004), while those of the U.S. and Euro Area are from St. Louis Federal Reserve Bank (USA) and
the OCDE, respectively. The series of Algerian GDP, imports, exports, foreign debt, money, and the current
account are real expressed in per capita terms (dividing by the Algerian population). We are only interested in
the cyclical fluctuations of the Algerian economy, so we extract the cyclical component of each series using
Hodrick-Prescott filter (HP-filter).

4. Simulation Analysis

To evaluate the performance of the model, we calculate and analyze the unconditional second moments and
autocorrelations of some key variables of the model. We also simulate the dynamic response of the Algerian
economy to exogenous shocks; our analysis, however, particularly focuses on real effects of shocks to the euro
appreciations, oil prices, devaluationary policy, and money supply. We also show and discuss how exchange
rate effects are passed through to importer and consumer prices.

4.1 Volatility and autocorrelations

Table 2 summarizes some standard deviations (unconditional second moments), expressed in terms of percent-
age, and the autocorrelation coefficients (unconditional autocorrelations) computed in the data and generated by
the model.18 This statistics are reported for exports (oil output), imports, domestic non-oil output, real balances,
inflation, and the real exchange rate. To compute the model’s predictions, we use stochastic simulations with
shocks generated using the standard deviations from Table 1, and imposing independence across the different
types of shocks. The calculated statistics, both for the model and the data, are for HP-filtred series, except for
the inflation rate.

In the data, exports, imports, real balances, and the real exchange rate are very highly volatile, having
a standard deviations above 8%, while domestic non-oil production and inflation are relatively volatile (but
still highly volatile compared to what observed in the Canadian economy, for example). The model slightly
overpredicts the volatility of output in the oil (exports) and non-oil sectors, as their standard deviations exceed
those in the data. The model, however, slightly underpredicts standard deviations of imports, inflation, and the
real exchange rate, and reproduces little volatility of real balances. Overall, the model succeeds in reproducing
the unconditional second moments of the key variables in the model.

Similarly, in the data all variables exhibit high persistence, as their AR(1) coefficients are all above 0.70.
The model reproduces very well the unconditional autocorrelations, except for domestic non-oil output and
inflation. For these variables, the model, however, generates only small autocorrelation coefficients. This may

18These statistics are calculated for the period 1992:1 to 2003:4.
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reflect the fact that these variables are less affected by the exogenous shocks and because money growth is
negatively autocorrelated.

4.2 The dynamic response of the economy to exogenous shocks

This section evaluates the model’s performance using impulse response functions to a 1% transitory shock to
the euro appreciation, oil prices, devaluationary policy, and money supply. The first three shocks are shocks
to the terms of trade. We perform the impulse responses of exports, imports, risk-premium term, foreign debt,
current account, the real exchange rate, non-oil production, import inflation, and CPI inflation. Each response
is expressed as the percentage deviation of a variable from its steady-state level.

Figure 1 plots the impulse responses to a 1% positive euro -appreciation shock (an exogenous appreciation
of the euro driven by an increase in�t by 1%). This shock is interpreted as exchange rate movements driven
by non-fundamentals (speculative forces). It deteriorates the country’s terms of trade. Thus, by performing this
analysis, we quantitatively study the dynamic effects of the recent appreciations of the euro on the Algerian
economy. As expected by the economic theory, such a shock persistently depreciates the home currency and
decrease the terms of trade. These two effects entail a decline of the home country’s export earnings and
an increase in the marginal costs of imports. Consequently, the imported goods prices increase and imports
become more expensive. The euro appreciation also leads the an increase in the valuation of the external debts,
denominated in the euro , in terms of the Algerian dinar and the U.S. dollar. Thus, if oil prices or exports remain
unchanged, the home country must borrow from abroad, by selling further foreign bonds, to finance its external
debt services and its import purchase. But, the increase in the borrowed funds reduces the price of the foreign
bonds that the country supplies in the international financial markets, for the increase of risk premium.

With higher risk premium, the country allocates a bigger portion of its newly borrowed funds to pay back the
interest payments on its external debt. The simulation results show that the country’s foreign debts significantly
increase by 5% at the fourth quarter after the shock. This jump in the foreign debts is explained by the increase
in the valuation and the interest payments (because the country is facing higher interest rate due to the increase
in its country-specific risk-premium terms).

Therefore, the deterioration of the home current account by 0.75% after a euro-appreciation shock is mainly
driven by the increase in the valuation of the external debts in terms of the Algerian and the U.S. dollar, the
decline in the export revenues, by the jump in the foreign debt services, and by the increase in the imported-
goods invoice. Similarly, the decline in the export revenues and the depreciation of the home currency reduce
the home agents’ demand of foreign goods, which leads to a decline of imports and to increases in IPI and CPI
inflation rates. Nevertheless, production in the non-oil sectors significantly jumps up on the impact of the euro-
appreciation shock due to the fact that home agents increase their demand of home goods that are relatively
cheaper than the imported goods. Thus, even though an exogenous appreciation of the euro highly deteriorates
the home country’s current account, it improves production in both domestic oil and non-oil sectors.

Now, we investigate macroeconomic effects of a shock to the oil prices,~pxt. Figure 2 plots the impulse
responses to a 1% positive oil-price shock (an increase in the oil price in the world market by 1%). Fluctuations
in oil prices in the world markets are the main source of business cycles of oil-exporting countries. An increase
in oil prices raises the oil-exporting country’s revenues in the U.S. dollar. Figure 2 shows that a positive oil-
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price shock leads to an instantaneous appreciation of the home currency (the Algerian dinar) because the home
country’s reserves in foreign currencies have significantly increased. As export revenues jump up and the
home currency appreciates, the country current account entails a significant instantaneous surplus. The country
optimally uses a portion of this surplus to pay back some of its foreign debt, which leads to a gradual decline
in the foreign debt and to a lower country-specific risk-premium terms. What, in turn, reduces the interest rate
that the home county is facing in the international financial market. Thus, the decline in the foreign debt and
a lower interest rate significantly reduce the foreign debt service, what leads to a further improvement in the
current account even at few quarters after the shocks.

The oil-exporting country is richer after a positive oil-price shock and the imported goods are cheaper
after the appreciation of the home currency. Therefore, the home country’s demand of foreign goods (imports)
increases faster and production in the domestic non-oil sector falls, reflecting that home agents substitute the
home goods by the imported goods even though consumption and investment increase (expenditure-switching
effect). The appreciation of the home currency reduces the importer and consumer prices, what implies a
decline in the IPI and CPI inflation rates. The adjustment in the price levels lasts for many quarters because
domestic and imported goods prices are rigid.

We now return to investigate whether the monetary authority is able to isolate the economy from exogenous
euro-appreciation shock using its devaluationary and/or monetary policies. In theory, the monetary authority
should react to neutralize the effects of non-fundamental exchange rate movements. The monetary authority,
therefore, optimally reallocates the resource in the economy. We simulate the responses of the economy to
devaluationary policy and money supply shocks. Figure 3 displays the impulse responses to a devaluationary
shock (an increase in�t by 1%). This shock decreases (devaluates) the value Algerian dinar in terms of the
U.S. dollar (the price of the U.S. dollar is higher). This shock slightly appreciates the real exchange rate upon
impact. This appreciation and the exogenous devaluation of the Algerian dinar (the jump of�t ) lead to an
improvement in the terms of trade, which, in turn, increases the value of exports and generates a surplus in
the current account.19 Furthermore, after a devaluationary shock, the foreign debt and the risk-premium terms
gradually decrease, while imports gradually increase. Consequently, the current account shows a surplus in the
short term, but a deficit in the medium term. This shock, however, has very small effects on non-oil output and
IPI and CPI inflation, as their collapses are very small in the short term.

In this model, domestic- and imported-goods prices are rigid. Money, therefore, is not neutral in the short
term. The monetary authority may intervene to offset the negative impacts of exogenous shocks by managing
the money supply in the economy. Figure 4 plots the impulse responses to a 1% money supply shock (an in-
crease in money supply rate,�t; by 1%): an expansionary shock that increases the domestic aggregate demand.
Following a positive monetary shocks, output in both sectors, imports, CPI inflation, foreign debt, and the risk-
premium terms jump above their steady-state values. The positive responses of output and CPI last for only one
or two quarters. The real exchange rate depreciates after a monetary policy shock because of the increase in
the domestic price levels driven by inflation expectations. Imports positively respond upon impact to this shock
before becoming negative, reflecting the fact that the depreciation of the exchange rate increase the marginal

19The recent depreciation of the US dollar relative to all main world currencies aims to increase the value of the US exports and,
therefore, reduce the huge US currant account deficit.
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cost of importing from abroad. Overall, a positive monetary policy shock leads to a significant surplus of the
current account due to the instantaneous increase in domestic output and the lagged decrease in imports.

Thus, the simulation results indicate that monetary authority is able to insolate the economic activity from
exogenous euro -appreciation shocks by conducting expansionary devaluationary and monetary policies. Fur-
thermore, the country can reduce the effects of the euro-appreciation shocks by simply diversifies the prove-
nance of its imports and external borrowing.

Figure 5 summarizes the model’s predictions concerning the effects of an euro-appreciation shock on the
nominal exchange rate and on import and consumer prices (the PPI and CPI prices). In response to this shock,
the nominal exchange rate slightly overshoots (its short-terms response is quietly greater than its long-term
response) and its the maximum response occurs immediately upon impact. Import prices, however, gradually
increases in response to an euro-appreciation shock, because of import-price rigidity. In the long-term, import
prices increase by about 4% after a 1% euro-appreciation shock. In contrast, the increases in the consumer
prices are gradual and modest. The increases in import and consumer prices are gradual because, in this model,
we deviate from the low of one price (PPP) by imposing price rigidity in the import sector.

5. Conclusion

We have developed a New-Keynesian DSGE model of a small open oil-exporting economy. The model is
based on microfoundations and includes domestic- and imported goods price rigidities. An oil-exporting
country export exclusively oil at a price set in the U.S. dollar in the world market, but borrows funds and
imports goods in the euros. The country also pegs its currency to the U.S. dollar. The model is calibrated to the
Algerian economy to investigate the dynamic effects of the recent appreciations of the euro relative to the U.S.
dollar.

The simulation results show that an exogenous euro appreciation affects negatively the home country’s
terms of trade, which in turn, deteriorates the current account. This shock also increases the external debt
burden, as the foreign debt valuation and the risk-premium terms rise. The depreciation of the home currency
increases the cost of imports, so the homes agents substitute domestically produced goods for imported goods.
Hence, imports jump down after a euro-appreciation shock, while domestic non-oil production increases.

On the other hand, positive oil-price shocks, by increasing the terms of trade and export earnings, offset
the major negative effects of euro-appreciation shocks. The impacts of the euro movements is largely reduced
by the parallel increase in the oil prices and by the decline of the world interest rates observed since 2001.
An oil-exporting country can easily minimize the negative effects of euro-appreciation shocks by simply issu-
ing foreign bonds denominated in the U.S. dollar and diversifies the provenance of its imports. Further, the
monetary authority can intervene to isolate the economy from these exogenous shocks.
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Table 1: Autocorrelations and standard deviations of the stochastic processes: OLS estimations using quarterly
data for the period 1992:1 to 2003:4.

Autocorrelations Standard deviations
�� 0.78 �� 0.072
�
�

0.76 �� 0.057
�px 0.81 �px 0.110
�� -0.48 �� 0.024
�
R�

0.96 �
R�

0.001
�A 0.71 �A 0.015
�L 0.92 �L 0.028

Table 2: Volatility and autocorrelations: In the data and in the model: 1992:1 to 2003:4

Volatility Self-correlation
Variables Data Model Data Model
yxt 18.8 26.1 0.88 0.96
yft 8.3 6.1 0.86 0.92
ydt 2.5 5.7 0.69 0.45
mt 8.1 4.2 0.81 0.83
�t 3.1 2.2 0.71 0.53
st 9.4 7.6 0.72 0.75
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Figure 1: The effects of euro-appreciation shocks (to�t)
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Figure 2: The effects of oil-price shocks (to~pxt)
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Figure 3: The effects of devaluationary policy shocks (to�t)

0 5 10 15
−0.02

−0.01

0

0.01
NON−OIL OUTPUT

0 5 10 15
−6

−4

−2

0
x 10

−3RISK PREMIUM

0 5 10 15
−0.03

−0.02

−0.01

0
IPI INFLATION

0 5 10 15
−0.02

−0.015

−0.01

−0.005

0
CPI INFLATION

0 5 10 15
−0.05

0

0.05

0.1

0.15
CURRANT ACCOUNT

0 5 10 15
−1

−0.5

0
FOREIGN DEBT

0 5 10 15
0

0.5

1

1.5
x 10

−3 EXPORTS

0 5 10 15
−0.1

−0.05

0
REAL EXCHANGE RATE

0 5 10 15
0

0.05

0.1

0.15

0.2
IMPORTS

22



Figure 4: The effects of money supply shocks (to�t)
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Figure 5: Pass-through of euro-appreciation shocks (to�t)
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Notes: Solid, dash, and asterisk lines respectively denote the Nominal exchange rate, import (IPI), and con-
sumer (CPI) prices.
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