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Abstract

This paper develops a multi-sector New-Keynesian DSGE model of a small open oil-exporting economy.
The model is calibrated to Algeria and used to quantitatively evaluate real dynamic effects of the recent
appreciation of the euro and increases in oil prices. It is assumed that the oil is the only commodity to
export at prices set exogenously in terms of the U.S. dollar and the country borrows and imports in terms
of the euro. The simulation results show that the appreciations of the euro have led to large deteriorations
of the country’s terms of trade and current account because of increases in external debt valuation, interest
payments, and import prices. In contrast, parallel increases in crude oil prices as well as the expansion in
oil production have offset these negative effects and led to a large improvement in the country’s net debt
position and current account. Furthermore, the monetary authority might manage money supply and/or the

nominal exchange rate of the Algerian dinar to respond to external shocks.
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1. Introduction

Since 2001, there have been rapid and significant appreciations of the major currencies relative to the U.S.
dollar and currencies pegged to it. The euro, the currency of the Euro Area that 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.
The U.S. economy occupies a predominant position in the world economy. Therefore, when it incurs an unsus-
tainable current account deficit, all other major currencies will appreciate relative to the U.S. dollar to facilitate
global adjustment to the U.S. imbalances. Blanchard, Giavazzi and Sa (2005) analyzes the main forces behind
the large U.S. current account deficits and their impacts on the U.S. 8idlkars, 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.

Our purpose in this paper is to study the dynamic effects of the recent appreciations of the euro on oil-
exporting economies; particularly, the countries that mostly trade 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, 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 export earnings of a country are denominated in the U.S. dollar and the country pegs its
domestic currency to the U.S. dollar but borrows and imports in the euro, an exogenous appreciation of the

euro will affect its current account position through four chanAétast, the euro appreciation creates valuation

!Bailliu, 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.



effects on the country’s external debt: The value of its liabilities increases in terms of the domestic currency and
as well as in terms of the U.S. dollar, even when the country does not borrow fresh funds. Second, increases
in the value of external debt lead to a higher risk premium implying that the country is facing higher interest
rates in the international financial markets and has to pay higher interest payments on its gross liabilities,
which significantly increases the costs of its external borrowing. Third, an exogenous appreciation of the euro
deteriorates the terms of trade (defined as relative export prices to import prices) because export prices become
lower in terms of euro currency. Finally, the depreciation of the domestic 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
DSGE models for policy analysfs.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 which leads to incomplete pass-through
effects of exchange rate movements.

The model, 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 rates. 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 terms of trade fluctuations. Therefore, any exogenous appreciation

of the euro increases import prices, which in turn decreases the terms of trade, deteriorates the country’s current

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.



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 more than 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. doflaand (5) its current account position highly depends on oil-price
fluctuations.

To build a DSGE model for this 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 terms of the euro 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 money supply and/or the exchange rate of the
Algerian dinar relative to the U.S. dollar 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 sources 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 positive oil-price shocks and the increase in the oll
production have offset the major negative impacts of the appreciations of the euro. 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

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



empirical results. Section 5 concludes.

2. The Model

We consider a multi-sector small open economy model composed of six agents: households, an aggregator,
an oil producer, a continuum of non-oil producers and importers, and a monetary authority (a central bank).
The agents take the world nominal interest rate, oil price, and imported-goods prices as given. 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 perfectly competitive in the world market, produces crude oil for export only, using capital and a natural-
resource factor. Oil price is set in the world markets in terms of the U.S. dollar. Non-oil producers and
importers, however, are monopolistically competitive with nominal price rigidities. Each producer produces,
for the domestic market only, a distinct hon-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 domestic market. We assume that most imported goods are from the Euro Area and
priced in the euro. 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 domestic
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 domestic currency relative to the U.S. dollar (devaluationary

policy).
2.1 Households

The representative household derives utility from consumptjomeal balances (moneyl; /p;, and leisure
1 — hy. Its preferences are described by the following expected utility function:
Uo = Ep Z Bu (co, My /e, he) 1)
t=0
whereg € (0,1) is the discount factor); is holdings of nominal balances, is labour supply to non-oil

intermediate-goods producers, ands the consumer price level. The single-period utility function is specified
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as:
y—1

4ol =1
c;” +b% (%> !
Dbt

wherey > 0 is the constant elasticity of substitution between consumption and real balancespwhileand

u() = 7 log +log (1—hy), 2)

n > 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 egtral to

The household’s revenue flows come from many resources. First, the household enters\pighiothm-
inal money balances/;_; and nominal net foreign bonds (del#) _,, denominated in the euro (the foreign
currency)® During periodt, it may sell or purchase new foreign bon&s in international financial markets
while receiving payments from (or paying interest on) previous period foreign bond holdings. It also earns a
wage ratd/; from supplying labour to non-oil intermediate-goods producers and rent paymgritem the
oil producer for using the natural-resource factor (Lahgl) Furthermore, it receives a lump-sum nominal
transferT; from the monetary authority and dividend payments from the monopolistically competitive produc-
ers and importersDy{ = fol D{(4)dj and D,f = fol th(j)dj. Finally, it accumulateg,; and k4 units of
capital stocks that are used in the oil and non-oil sectors for rental Ratesnd R, respectively.

Household uses some of its funds to purchase, at the nominapprimensumption and investment. Invest-
ment is divided between the two production sectagsandiy are for the oil and non-oil sectors, respectively.

The evolution of the capital stocks in each sector is given by:
kjt+1 = (1 — 5)kjt + ijt — \I/j (kjt+1, kjt), fij = {d,]?} (3)

y : 2 . - .
whered € (0,1) is the common depreciation rate aWd(-) = % (kfkt—;l - 1) k;; is capital-adjustment cost
functions that satisfyl;(0) = 0, ¥(-) > 0 and\If']f(-) < 0. The adjustment cost parameterg and, are
positive. With this specification, both total and marginal costs of adjusting capital are zero in the steady-state

equilibrium.

®B; is the stock of the foreign debt if it is negatiy®; < 0).
"We assume that the two capital stocks are non-transferable between sectors.



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

pelee +i) + M+ ey B /Ry < Ratkar + Wihy + Rytkgr + praly + My

+e&Bf_, + T, + D¢ + DI (4)

Heree; 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 va@ietes
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 fctors;
denotes the gross nominal interest rate on the external debt (foreign bonds) be@veln+ 1. Thus, the
domestic household sells (or purchases) foreign bd#jdat (R;) " units of foreign output.

Domestic households have access to incomplete international financial markets, but they must pay an en-
dogenous country-specific risk-premium termg,in addition to the world interest rate;. Hence,R; = xR},
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:

B*
Kt = exp (—w—t> : (5)
Yzt

wherep is a parameter measuring the level of risk premi@@i, < 0 is the average real stock of external
debt andy,; denotes export$.The euro-appreciation shocks, and the world gross nominal interest rai,

evolve according to:

log(&:) = pe log(&4) + et (6)

and

log(R;) = (1 = pr+)log(R") + pr-log(R;_1) + €r1, ()

where{ = 1 andR* > 1, pe andpp- € (—1,1) are the autocorrelation coefficients, ang andeg-; are

normally distributed with zero mean and standard deviatignsndo i+, respectively.

8\We assume that foreigners purchase only the bonds denominated in their own currency.
®When an economy is a net debtaBf < 0), it must pay a risk-premium terms;, in addition to the world interest raté; .



The household choos€s;, i, My, kg 11, ki1, Bi } to maximize the expectation of the discounted sum

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

1

¢’ o 8
~—1 1 -1 - >\ta ( )
¢ +b7 (My/p)
n MWy
— : 9
T~y P 9
1 1
Lo 1
_ by (My/p) ™ _ \ - BE, PtAt+1 : (10)
e i Pt+1
¢’ +bv (M/p) 7
A R, k k k
5Et[ t+1 ( dt+1 +1_5+¢d( dt+2 _1> dt+2>] :¢d< dt+1 _1> 1 (11)
At Di+1 Kag1 Kag1 Ka
BE, [)\t+1 (th+1 1= 6+, (kxt+2 B 1) kxt+2>] — 4, (kxt+1 B 1> +1; (12)
At Di+1 Exty1 kg1 Kyt
1 et1&§t+1Pe A 41 ]
Ry PE: [ er&iPr1 e (13)

in addition to the budget constrair; 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 cotftlition.
2.2 Aggregator

We assume that the aggregator, which acts in a perfectly competitive market, uses domestic-composite non-oil

outputyg; and composite importg,; to produce a final goog, according to the following CES technology:

v
v—1 1 v—1|v—-1

1 1
2 = (l_wf)"ydty +w;yfty > (14)

wherew; > 0 denotes the share of imports in the final good, ane 0 is the elasticity of substitution between

domestic and imported goods. It also denotes the price elasticity of domestic and imported goods demand

bN . . . . .
Because3 E; [Zﬁi—i] is the inverse of the domestic nominal gross interest rate.
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functions. Similarly, both inputs are produced using the CES technology:

[

1 e—1 7T 1 e=1 \P?-1
ydt:</0 ydt(y)TdJ> andyft=</0 yft(J)TdJ> ) (15)

wheref > 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:
S (pal)) " NN CTON
yar(J) = == waandyp(i) =|=——) ys. (16)
Pat Prt

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

1 1
1 = 1 =3
Par = </ pdt(j)ledj> andpy; = </ pft(j)lgdj> : (17)
0 0

Given the final-good priceyp;, and givenpy; andpy,;, the aggregator choosgg; andy; to maximize its
profit. The maximization problem is

max pizt — PdtYdt — PftYft, (18)
{yae-yre}

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

composite goods:

yar = (1 — wy) <@> 7z and yp =wy (%) 2. (19)
Dt bt

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:

— — 1/(1-v)
bt = (1 - wf)p}it + wfplt . (20)
f

The final good is divided between consumption and investment in the oil and non-oil sectors, gothat

Ct + gt + tag-



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 crudeygjl using capitalk,; and a natural-resource factor called lahd

Oil output is produced using the following Cobb-Dauglas technology
Yot <KST LT, ag € (0,1), (21)

wherea, is the share of capital in the oil outpul; might be interpreted as an indicator of expansion in crude
oil production . It is measured by the petroleum production index in Algeria.

Oil output is totally exported abroad at the prigg set in terms of the U.S. dollar in the world markets.
Therefore, multiplyingy, by the exchange rate of the U.S. dollar relative to the domestic currgngyelds
the oil producer’s revenues (export earnings in terms of the Algerian dinar).

Givenpy,, xt, R, andpj,, the price of the natural-resource factor (rent of the land paid to the represen-
tative household), the oil producer chooggs and L; that maximize its real profit flows. Its maximization
problem is

E3
R
max {tizt Yot — Ly PrLi L)

kwtaLt pt pt pt

subject to the production technology, equation (21).

Oil prices are given in the world markets and we assume that the supply of the natural resource factor is

exogenous, sp;, andL, evolve according to the following stochastic processes:
log(py) = (1 = ppa) og(py) + Ppa 10g(Pry 1) + Epat, (22)
and
log(Lt) = (1 — pr) log(L) + pr log(Li—1) + €L, (23)

wherep} and L > 0, pp, andp;, € (—1,1), andey,; andey,,; are uncorrelated and normally distributed
innovations with zero mean and standard deviatigfysando,, respectively.
Since the beginning of 1990s, 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

9



allows the monetary authority to managgto respond to shocks affecting the economy. We assume that the

devaluationary policy shock; evolves according to

log(xt) = (1 = py) log(x) + py log(xi—1) + ey, (24)

wherex > 0, p, € (—1,1), ande,, is normally distributed with zero mean and standard deviatipnThis

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 ax;.

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

ti;t OlypYxt Ry .
o kxt  p (29)
XtPyt (L= @a)yar Py (26)
bt Ly P’
KL =y (27)

These first-order conditions give the optimal choice of inputs that maximize the oil producer’s profits flows.
The demand fok,; and L; are given by equations (25) and (26), respectively. These equations stipulate that
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 are only a negligible fraction in the rest of the world spending.

2.4 Domestic intermediate-goods producers

In the non-oil sector, there are a continuum of domestic-intermediate goods producing firms indgxed by
[0, 1]. Each firmj uses capital stocky (7) and hiresh;(;) units of labour from the representative household
to produce a differentiated intermediate gag(l) according to the following constant-return-to-scale technol-
ogy:

ye(§) < kar(5)* [Ahe ()], @ € (0,1), (28)

10



whereA; is an exogenous technology shock that is identical for all domestic producers. This shock follows the

process
log Ay = (1 — pa)log(A) + palog(Ai—1) + €ay, (29)

wherepy € (—1,1), A > 0, ande 4; is normally distributed with zero mean and standard deviatign The
domestic-intermediate good is only used by the aggregator to produce the final,good

As in Dib (2003b), each producegrsells its output at pricg;(j) in a monopolistically competitive mar-
ket. Following Calvo (1983), the producer cannot change its prices unless it receives a random signal. The
probability that such a signal appears is constant and given BY. (Therefore, on average the price remain
unchanged fot /(1 — ¢) periods.

If the producer is allowed to change its price, it chookgs$;j) andh(j), and sets the pricgy(7) that
maximizes the expected discounted flow of its profits. Its maximization problem is:

max
{kae(5),h4(5):Pae (5)}

Z Bé) >\t+lDt+l )/pt+l] ) (30)

=0

subject to (28) and the following demand function:

—p
Yar+1(J) = (pdt(j)> Ydt+1 (31)
Pdt+1
where the profit function is
DL (5) = par(§)yer1(5) — Ravikarri(5) — Wertheri(4)- (32)

The producer’s discount factor is given by the stochastic proge/ss.(), where),,; denotes the marginal
utility of consumption in period + [.

The first-order conditions are:

Ry oy(f)ar

bt - Kt (4) , (33)
W (- aula

o 7 (5) ; (34)
i) = 0 Er>20(B) Neiyar+1(5) a1/ et (35)

0—1 By 20(BO) Neviyae+1(5)/prri

11



whereg; is the real marginal cost of the firm in units of final output.

The aggregate domestic-intermediate-goods price is
Par’ = dpa 1+ (1= Oy (36)

The equations (33) and (34) state that the marginal costs of the inputs must be equal to their marginal
products weighted by the real marginal costs. The equation (35) relates the optimal price to the expected future
prices 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 costs.
2.5 Importers

In the country, there are a continuum of domestic importers, indexgdalp, 1], that import a homogeneous
intermediate good produced abroad for the foreign priceEach importer uses its imported good to produce
a differentiated good;s(j) that it sells in a domestic monopolistically-competitive market to produce the
imported-composite googd;. 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 a0 (1-

When an importer is allowed to change its price, it sets the prigg(j) that maximizes its weighted
expected profits, given the price of the imported-composite ogtputhe nominal exchange rate (euro/dinar)

et, and the foreign price level;. The maximization problem is:

max By | (86) N DL, () /pes | 37)
{pse(4)} =0
subject to
) pri(f) -
Yre1(d) = Yfitls (38)
Pri+i
where the profit function is
D{H () = Pre(d) — erriberipisr) Yrera(5)- (39)

In periodt, the importer’s nominal marginal costdgp;, so its real marginal cost depends on exchange rate

movements driven by the economy’s fundamentals= e;p; /p;, and non-fundamentalg;. The importer’s

12



discount factor is also given by the stochastic procgss;(;). The first-order condition of this optimization

problem is:
. 0 ErY 0B Narypisi(G) s
= — _ . 40
Prid) 0—1 E 3 20(Bd) Neyiyseri(5)/pes (40)
The aggregate import price is
pi’ = opil + (1= )y (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 dquallty6.

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 prices in the economy. Devereux and Yetman (2003) found that there

is incomplete exchange rate pass-through in the emerging economies including Algeria.

2.6 Monetary authority

The monetary authority conducts its monetary policy by adjusting nominal money supply and/or the value of
the Algerian dinar relative to the U.S. dollar. The central bank, therefore, manages the nominal money stock
by making lump-sum transfers to the representative household, sdfthatM, | = T}, whereM, is the per

capita nominal money stock. Monetary policy evolves according to the rule:

log(pt) = (1 — py) log(p) + pplog(pe—1) + ept, (42)

wherep, = M;/M;_, denotes the gross growth rate in peripg, € (—1, 1) is an autoregressive coefficient
and the serially uncorrelated shagk is normally distributed with zero mean and standard deviatign

Also, the monetary authority may affect the economic activity by using its devaluationary policy and/or
its monetary policy. The devaluationary policy consists in managin¢he nominal exchange rate of the
Algerian dinar relative to the U.S. dollar), while the monetary policy allows managjr{the money-supply

growth rate).
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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
current and expected inflation to real marginal costs. The New-Keynesian Phillips curve that relates the current
and expected PPI inflatiomy; = p4:/pai—1, to the real marginal costs in the non-oil sectgris given by

(1—¢)(1 - B¢)
¢

Similarly, the New-Keynesian Phillips curve relates the current and expected IPI inflajios, p i /p i1, to

Tat = BETar1] + G- (43)

the exchange rate movementssjrand¢;, is't

(1—¢);1—ﬁ¢)(§t+gt)' (44)

On the other hand, substituting the resource constraints, money transfer, and firms’ profit equations into the

T = BE(Te] +

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 debt position. The current account is the main channel through which foreign shocks affect domestic
small open economies. The current account of this oil-exporting country, in real terms, derived in this model is

given by

ca, = Bf — Bf | = (1 _ R%) By + (fgfzt) Yot — Yfts (45)
wherep,; = p; /p; andR; = kR}.

The equation (45) states that the current account depends on interest paymentsR,) By, export
earnings(%) yzt, and importsy,. In each period, the country uses a fractidn— 1/R;) of its new
external debtB; < 0, to pay back interests on its previous debt. The interest payments positively depend on
Bj andl/Ry, 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

"The hat above a variable refers to the deviation of the log of the variable from its steady-state value.
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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% or by changes in exports. Positive shockgtor p,; increase the terms of trade,
which leads to an improvement in the current account. Nevertheless, endogenous or exogenous depreciations
of the domestic currency relative to the euro (increases or &;) 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, 39 thaj;(j), ya: =
yar(3) Yse = ype(G) kar = kae(5), he = hi(3), par = par(d). pse = pa(4), D = D{(j), and D] = D (5)
for all j € [0, 1] and during each period> 0. Furthermore, the market-clearing conditiaWs = M, 1 + T3,
B;‘ = By, and the transversality conditions regarding household accumulation of money and bonds must hold
forall ¢t > 0.

Letryy = Ryt/pis Tat = Rat/pes we = Wi/pr, Pre = pri/pe, andm, = M, /p, 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 algg, = pq:/pe, Dre = prie/pe, aNdPy = pai/pe 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.

2The allocation is {y:, ct, Yet, Yre, kat, ket 26, Mt hey By }eo. The sequence of prices and co-state variables is
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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) prdéétheetate-space

solution is of the form:

Sir1 = D18+ Pocyy, (46)
d, = ®s8, (47)

wheres; is a vector of state variables that includes predetermined and exogenous vaﬁab'iethe vector

of control variables; and the vectey,; contains exogenous innovations to the stochastic proc&ssese
elements of matrice®, ®,, 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.

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 stutfieshile 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
processes (autoregressive coefficients and standard deviations of the shocks) are estimated using some quarterly
Algerian, Euro Area, and U.S. daté.

{we, Tae, Twty DLty Ddty Dty Doty Te, Tdt, Tfey Aty Gty St Hooo-
The stochastic processes &€, px¢, Xt, pt, A¢, Lt, R }.
BFor each varlablet, T = log(:z:t/x) wherez is the steady -state value of.
Y8 = (kdt+lakwt+lamtaBt ,pdt,At,ut,PwLt,Xt,Rt,ft,Xt) ;
df (Ata qat, mtapftath’ yf’ Tdta Tact, Ct, ywta yfta 7Tt7 wta hta Tt ﬂ-dta ﬂ-ft’ Sf) ;
ande; = (€At,Eput, Epats Exts ELE, ER*t, Ect)
5For example, Dib (2003a) and Christiano, Eichenbaum and Evans (2005).

The 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.
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First, we summarize the parameter values fixed by the calibration. The paragnagaoting 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 secigranda,, the depreciation
rate, d, are assigned values of 0.12, 0.33, and 0.025, respectively. These values are commonly used in the
RBC literature. The parametér 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 parametep 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 parametadz),; equal to
0.1 and 0.5, respectively.

The discount factorj, 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 termset 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 finakggods,
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 estimatbeof

"Mendoza (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.
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constant elasticity of substitution between consumption and real balances, i®T8iparameteh, which is

with v 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
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
exchange rate, oil prices, devaluationary policy, and money supply. We also show and discuss how exchange

rate effects are passed through to importer and consumer prices.

B\We have estimated the money demand function using the log of real balances, real GDP, and the Algerian deposit interest rate.
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4.1 \olatility 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 modelt® 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 if 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
reflect the fact that these variables are less affected by the exogenous shocks and because money growth is

negatively autocorrelated.

4.2 The dynamic responses 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 exchange rate, 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,

19These statistics are calculated for the period 1992:1 to 2003:4.
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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 §nby 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 domestic currency
and decreases the terms of trade. These two effects entail a decline of the domestic 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 to an increase in the valuation of the external debt,
denominated in the euro, in terms of the Algerian dinar and the U.S. dollar. Thus, if oil prices or exports remain
unchanged, the domestic country must borrow further from abroad, by selling more foreign bonds, to finance
its external debt services and its import purchase. Nevertheless, 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 larger 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 domestic current account by 0.75% after a euro-appreciation shock is
mainly driven by the increase in the valuation of the external debt in terms of the Algerian dinar and the U.S.
dollar, the decline in the export revenues, by the jump of the foreign debt services and the increase in the
imported-goods invoice. Similarly, the decline in the export revenues and the depreciation of the domestic
currency reduces the domestic agents’ demand of foreign goods, which leads to a decline of imports and to
increases in IPl and CPl 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 domestic agents increase their demand of domestic

20



goods that become relatively cheaper than the imported goods. Thus, even though an exogenous appreciation
of the euro highly deteriorates the domestic country’s current account, it slightly improves production in both
oil and non-oil sectors.

Now, we investigate macroeconomic effects of a shock to the oil priggs,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 terms of the U.S. dollar. Figure 2 shows that a positive
oil-price shock leads to an instantaneous appreciation of the Algerian dinar because the domestic country’s
reserves in U.S. dollar have significantly increased. As export revenues jump up and the domestic 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 county is facing in the international financial market. 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 domestic currency. Therefore, the domestic country’s demand of foreign goods (imports)
increases faster and production in the domestic non-oil sector falls, reflecting that domestic agents substitute
the domestic goods by the imported goods even though consumption and investment increase (expenditure-
switching effect). The appreciation of the domestic currency reduces the importer and consumer prices; this
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 reduce the impacts of the exogenous
euro-appreciation 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
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in x; by 1%). This shock decreases (devaluates) the value of the Algerian dinar relative to 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 juspp) d#ad to an improvement in

the terms of trade, which, in turn, increases the value of exports and generates a surplus in the currertfPaccount.
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 rafe,, by 1%): an expansionary shock that increases the domestic aggregate demand.
Following a positive money supply shock, 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 domestic currency 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 increases
the marginal 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 might insolate the economic activity from ex-
ogenous euro-appreciation shocks by conducting expansionary devaluationary and monetary policies. Further-
more, the country can reduce the effects of the euro-appreciation shocks by simply diversifies the provenance
of its imports and external borrowing.

Figure 5 summarizes the model’s predictions concerning the effects of an euro-appreciation shock on the

2The 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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nominal exchange rate and on import and consumer prices (the PPl 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 maximum response occurs immediately upon impact. Import prices, however, gradually
increases in response to this 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. The oil-exporting country is
assumed to export exclusively oil at prices set in the U.S. dollar in the world market, but borrows funds and
imports goods in terms of the euro. 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 domestic coun-
try’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 domestic
currency increases the cost of imports, so the domestic agents substitute domestically produced goods for im-
ported goods. Hence, imports jump down after a euro-appreciation shock, while domestic non-oil production
increases.

On the other hand, positive oil-price shocks offset the major negative effects of euro-appreciation shocks,
by increasing the terms of trade and export earnings. 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. It
is also possible for this oil-exporting country to reduce the negative effects of the recent euro appreciation by

issuing U.S. dollar denominated foreign bonds and diversifying the provenance of its imports. Further, the

23



monetary authority might intervene to reduce the negative effects of these shocks on the economic activity.
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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
pe 0.78 o¢ 0.072
Px 0.76 oy 0.057
Ppz 0.81 Opa 0.110
P -0.48 o 0.024
Ppe 0.96 0 0.001
PA 0.71 oA 0.015
PL 0.92 oL 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
Yat 18.8 26.1 0.88 0.96
Yrt 8.3 6.1 0.86 0.92
Ydt 25 5.7 0.69 0.45
my 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 shockg) (
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Figure 2: The effects of oil-price shock® ;)
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Figure 3: The effects of devaluationary policy shockgX
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Figure 4: The effects of money supply shocks )
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Figure 5: Pass-through of euro-appreciation shock$ (
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