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Abstract

In this paper we examine macroeconomic e¤ects of alternative �scal policies implemented

in the face of an oil price shock by government, which is a receipt of oil revenues within two-

sector dynamic stochastic general equilibrium framework. We analyze tax reduction and

debt retirement policies that are implemented by means of simple �scal feedback rules. We

show that �scal policy can help to moderate real exchange rate appreciation caused by the

oil boom depending on the �scal strategy used.
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1 Introduction

When economies, well endowed with natural resources (e.g., oil) and highly dependent on their

exports, face with an improvement in their terms of trade, they become vulnerable to the Dutch

disease problem. An increase in the price of oil results in an increase in demand for non-traded

goods and could lead to an appreciation of the real exchange rate. It is widely discussed that such

an appreciation of the exchange rate creates risks for (non-oil) the traded sector, by making the

traded goods sector less competitive and depressing output and employment in that sector. This

could also impede growth in the long-run if the traded sector is a source of learning-by-doing.

However, this is not a necessary outcome. In Kuralbayeva and Vines (2006), when there is

an oil income shock, in the long-run the real exchange rate appreciation disappears and there

is further expansion of the non-traded sector and even stronger decline in the (non-oil) traded

sector. However, the contraction of the traded sector, rather than constituting a macroeconomic

problem, simply re�ects the appropriate resource allocation responses to the permanent change

in transfer payments from abroad caused by the permanent improvement in the price of oil.

Further, given that an improvement in the terms of trade is associated with a decrease in the

risk-premium on lending to this economy, as Kuralbayeva and VInes (2007) discusses further,

this can lead to a Dutch party in which real exchange rate appreciation is associated with an

expansion of the capital-intensive traded sector.

Thus, in analyzing appropriate macroeconomic adjustment to the shock, it is essential to

know its character. In particular, if the improvement in the terms of trade is permanent which
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is caused, for example, by a permanent increase in the demand for a country�s output or by a

permanent increase in the price of the country�s output, then long-run real e¤ects require changes

in the relative prices, resulting in an appreciation of the real exchange rate. But if the shock

is temporary, then monetary policy may not be enough to rely on as the sole macroeconomic

stabilization mechanism. There are several reasons why there is a scope for �scal intervention

in stabilizing the economy in the face of the shock1.

One reason is real costs associated with adjustment to the temporary changes in the terms

of trade. Imagine an increase in the price of oil, which leads to fall in the return on capital in

(non-oil) tradeable sector, resulting in a capital out�ow from that sector. Over time, the capital

stock diminishes in the traded sector as well as employment, and when the shock is over and

the economy returns back to its initial equilibrium, there is need to re-install capital and attract

labor to that sector again. Such movements in the capital stock are likely to be prolonged due

to the real adjustment costs and thus unsatisfactory from the welfare point of view. As these

medium-run �uctuations in the capital stock originate in shifts in demand induced by the positive

oil shock, and if could be o¤set by policy, then �scal policy may be more suitable in dealing with

them rather than monetary policy. This is because changes in government expenditure directly

involves changes in demand in contrast to indirect e¤ect of monetary policy through changes in

intertemporal relative prices (Solow, (2005))2.

There is another argument in favor of �scal policy in small open economies subject to terms

of trade shocks. Speci�cally, monetary policy�s objective is price stability as de�ned by the

in�ation target. The exchange rate is not an objective of monetary policy. At times of rising oil

prices and high demand, monetary policy might not be able to prevent large imbalances between

the traded and the non-traded sectors resulting in distress for the (non-oil) traded sectors (see

King (2000), Brash (2001)). In that case, �scal policy could assist monetary policy in limiting

the swings in the relative prices of the non-traded goods and moderating the real exchange rate

appreciation, as it would be also apparent from our analysis.

So, in this paper we examine the macroeconomic a¤ects of two �scal strategies that gov-

ernment follows in the face of the oil price shock. We assume that oil is appropriated by the

government and analyze tax reduction and debt retirement policies that are implemented by

means of simple �scal feedback rules. The purpose is to evaluate quantitatively di¤erences in

a response of the real exchange rate across two �scal regimes and to analyze the impact of

the rule-of-thumb behavior on this response. The goal is to study which of these two e¤ects

result in stronger appreciation of the real exchange rate caused by the oil boom. The framework

we use is dynamic stochastic general equilibrium model (DSGE) of the New Open Economy

Macroeconomics (NOEM) paradigm.

NOEM models have been extensively used to analyze monetary policy. A standard NOEM

model typically assumes an in�nitely lived representative agent in a perfect-foresight framework

with nondistortionary taxation, which implies that Ricardian equivalence holds. However, Ri-

1On macroeconomics of �scal policy see, e.g., Allsopp and Vines (2005)
2This issue is related to the literature which examines various ways in which public investment could help

to overcome the Dutch Disease e¤ect (real appreciation of the exchange rate) caused by aid �ows in developing

countries. See e.g. Rajan and Subramanian (2005), Adam and Bevan (2006).
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cardian equivalence eliminates the scope for a �scal stabilization policy. Ricardian equivalence

states that, for a given expenditure path of the government, substitution of debt for taxes has

no e¤ect on aggregate demand. The argument is that borrowing by government today has to be

repaid in the future, so that future taxes will have to rise. Consumers, anticipating the increase

in the future taxes, realize that their life-cycle incomes have not increased and do not change

their consumption.

Thus, to study the �scal policy issues for this economy, we need to break down Ricardian

equivalence, which vitiate any interesting e¤ects of the �scal policy. This can be done either

by including features such as liquidity constraints, �nite horizons or distortionary taxation. In

this paper we follow the �rst approach and introduce "rule-of-thumb" consumers, who have

neither assets nor liabilities and consume each period their current disposable income. Liquidity

constrained consumers coexist in the model with optimizing consumers. The presence of rule-of-

thumb consumers enables a break down of Ricardian equivalence, because they do not optimize

intertemporally. It matters for them whether the budget de�cits are �nanced though an increase

in taxes or via borrowing. In the �rst case their current income is a¤ected as well as their

consumption. In the second case their current income is not altered.

By introducing liquidity constrained consumers into the model, our analysis relies on a

number of models which have incorporated rule-of-thumb consumers into the DSGE framework.

Most of the literature has been motivated by empirical evidence. Speci�cally, standard New

Keynesian models without such rule-of-thumb consumers typically predict a strong negative

response of consumption to a government spending shock; while the empirical literature suggests

that such shocks have a positive e¤ect on consumption (Perotti (1999)). Di¤erent solutions has

been proposed in the literature to solve this consumption puzzle. One of the ways of capturing

the dynamic e¤ects of government spending on consumption within the New Keynesian DSGE

model is to introduce rule-of-thumb consumers. And this is what has been done by Galí et

al. (2003). Following their work, many papers that study �scal policy e¤ects have introduced

rule-of-thumb consumers into their models3.

Our paper is also related to studies that examine implications of terms of trade shock for

�scal policy within two-sector overlapping generations models. Examples of such studies include

Steigum and Thogersen (2003) and Macklem (1993). The most relevant to our study is a paper

by Macklem, who examines the interaction between terms of trade shocks and the government

in two di¤erent �scal settings. The �rst one, which he calls exogenous �scal policy, is the case

where the temporary terms of trade shock held both tax revenues and government expenditures

constant, thus having no impact on the government�s �scal stance. The second case is endogenous

�scal policy, under which the �scal authorities follow a tax rule, where taxes are proportional to

wage income as well as to the level of the government debt. Comparing the dynamic responses

of consumption and the real exchange rate, which are less pronounced in the second case, he

concludes that �scal policy can be used to dampen the short-run e¤ects of the terms of trade

shocks on consumption. However, this outcome has the e¤ect of magnifying both current account

imbalances and the reallocation of factors of production between sectors.

The remainder of the paper is organized as follows. Section 2 describes the model and devises

3See, for example, Bilbiie and Straub (2004), Coenen and Straub (2005), Erceg et al. (2005), Furlanetto (2006)
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two �scal strategies following an oil boom. Section 3 examines the dynamic adjustments of the

model triggered by alternative �scal strategies in response to the oil shock. Finally section 4

concludes.

2 Model of a Small Open Economy with Rule-of-Thumb Con-
sumers

We consider a two-sector dynamic general equilibrium model with nominal rigidities. The econ-

omy consists of two types of consumers, a continuum of �rms producing di¤erentiated non-traded

goods, a continuum of �rms producing �exible price traded goods, an oil sector, and a central

bank in charge of monetary policy and �scal authority. We assume that oil production requires

no domestic factor inputs, and all its production is exported. We assume Calvo-type price

stickiness in the non-traded sector. The model is an extension of the model with rule-of-thumb

consumers developed in Galí et al. (2005) to a two-sector set up with capital.

2.1 Consumers

There is a continuum of households, indexed by i 2 [0; 1]: We assume two types of households.
Households in the �rst group bene�t from access to the capital markets, can buy and sell physical

capital in both sectors, and they are referred as to Ricardian or optimizing households. The

proportion of optimizing consumers in the economy is given by 1� !C : The remaining fraction
!C of households follow a rule-of-thumb and consume out of current disposable income, as they

do not own any assets nor have any liabilities.

2.1.1 Consumption: de�nitions

For both groups of optimizing and rule-of-thumb consumers the total consumption bundle is

given by a standard constant-elasticity-of-substitution (CES) function of traded goods and non-

traded goods, with

Cit = [a
1
� (CiN;t)

(��1)=� + (1� a)
1
� (CiT;t)

(��1)=�]�=(1��); � > 0; for i = o; r (2.1)

with CiN;t and C
i
T;t being indexes of consumption of non-traded and traded goods respectively.

Under such speci�cation of the composite consumption function, the parameter � measures

the (inverse) intertemporal elasticity of substitution and the parameter � is the intratemporal

elasticity of substitution between non-traded and traded goods. The implied consumer price

index is then

Pt = [aP
1��
N;t + (1� a)P

1��
T;t ]

1
1��

where PN;t is the price index of the composite di¤erentiated non-traded good, PT;t is the price

of the �exible-price traded good, expressed in national currency, and Pt is the consumer price

index4. Indexes of consumption of non-traded goods, in turn, is given by CES aggregators of
4The price index Pt is the minimum expenditure required to purchase one unit of aggregate consumption good

Ct: For a derivation see, for example, Obstfeld and Rogo¤ (2002).
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the quantities consumed of each variety, with elasticity of substitution across di¤erent categories

equal to �:

CiNt = (

Z 1

0
CiN;t(j)

��1
� dj)

�
��1 ; with � > 1; i = o; r (2.2)

where CiN;t(j) is consumption of variety j by representative household i (i = o; r). When � tends

to in�nity all varieties are perfect substitutes for each other. The price of variety j is denoted

PN;t(j), and the price of a consumption basket of non-traded goods PN;t is de�ned as a CES

index5 with elasticity 1=�:

PN;t = (

Z 1

0
PN;t(j)

1��dj)1=(1��) (2.3)

The optimal allocation of any given expenditure on non-traded goods by household i (i = o; r)

yields the total demand for variety j 2 [0; 1] :

CiN;t(j) = (
PN;t(j)

PN;t
)��CiN;t; (2.4)

Given a decision on consumption Cit households (both Ricardian and rule-of-thumb) allocate

optimally the expenditure on CiN;t and C
i
T;t by minimizing the total expenditure PtC

i
t under the

constraint (2.1), so demands for non-traded and traded goods are:

CiNt = a(
PN;t
Pt

)��Cit ; for i = o; r (2.5)

CiT t = (1� a)(
PT;t
Pt
)��Cit ; for i = o; r (2.6)

2.1.2 Optimizing consumers

A representative household j from the group of Ricardian consumers maximizes:

U = E0

1X
t=0

�tu(Cot ;H
o
t ) (2.7)

subject to the budget constraint:

PtC
o
t + Pt(�NtK

o
Nt + �TtK

o
T t) + PTt(I

o
Nt + I

o
T t) +R

�1
t Bo

t+1 +R
�1
FtStB

o
F;t+1 + PtT

o
t + Pt

�

2
(Bo

F;t+1 �Bo
F )

= (1� �W )WtH
o
t + (1� �K)[RNtKo

Nt +RTtK
o
T t] +B

o
t + StB

o
F;t +

1

1� !C

Z 1

0
�ot (j)dj (2.8)

where the terms on the left-side indicate how the consumer uses its resources, while the terms on

the right-hand side show the resources that the household has at its disposal. In equation (2.8)

Bo
t represents the quantity of non-state contingent government bonds purchased by an optimizing

household at time t, and Rt(� 1 + it) is the the total return on government bonds. Households
can also acquire foreign bonds, which are subject to portfolio adjustment costs. In particular, if

5This price index is the minimum expenditure required to buy one unit of aggregate consumption non-traded

good CN;t: For a derivation see, for example, Corsetti and Pesenti (2005).

5



households purchase an amount of Bo
F;t foreign bonds, then these portfolio adjustment costs are

�
2 (B

o
F;t�Bo

F ) (denominated in the composite good), where B
o
F is an exogenous steady state level

of net foreign assets. Each optimizing household earns after-tax labor income (1 � �W )WtH
o
t ;

where �W is �xed tax on labor income. The household accumulates capital, which is rented

to goods producing �rms. Capital income, as labor income, is subject to taxation at rate �K ;

household also receives an equal share 1
1�!C

R 1
0 �

o
t (j)dj of the pro�ts of the non-traded goods

�rms, and pays a lump-sum tax PtT ot :

Capital accumulation equations in both non-traded and traded sectors are:

Ko
N;t+1 = IoN;t + (1� �)Ko

N;t; (2.9)

Ko
T;t+1 = IoT;t + (1� �)Ko

T;t; (2.10)

where investment in both sectors is a traded good. Installation of capital in both sectors requires

adjustment costs, which represent a basket of goods composed by non-traded goods and traded

goods in the same mix as the household�s consumption basket. We de�ne capital adjustment

costs as:

�i;t(
Ioi;t
Ko
i;t

)Ko
i;t =

 I
2
(
Ioi;t
Ko
i;t

� �)2Ko
i;t; where i = N;T;

We assume the following functional form of the utility function

u(Ct;Ht) =
C1��t

1� � � �
H1+ 
t

1 +  
(2.11)

The optimization produces the standard �rst order conditions:

(1� �W )Wt = �(Ho
t )
 Pt(C

o
t )
� (2.12)

1 = �Et[
(Cot )

�Pt
(Cot+1)

�Pt+1
(1 + it)] (2.13)

1

1 + iFt
+ �

Pt
St
(Bo

F;t+1 �Bo
F;t) = �Et[

(Cot )
�Pt

(Cot+1)
�Pt+1

St+1
St

] (2.14)

qNt = �Et
(Cot )

�Pt
(Cot+1)

�Pt+1
f(1� �K)RNt+1 + Pt+1(�0N;t+1

IoNt+1
Ko
Nt+1

� �N;t+1) + qNt+1(1� �)g (2.15)

qNt = PTt + Pt�
0
N;t (2.16)

qTt = �Et
(Cot )

�Pt
(Cot+1)

�Pt+1
f(1� �K)RT;t+1 + Pt+1(�0T;t+1

IoT;t+1
Ko
T;t+1

� �T;t+1) + qTt+1(1� �)g (2.17)

qTt = PTt + Pt�
0
T;t (2.18)
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along with capital accumulation, (2.9)-(2.10), and budget constraint, (2.8), equations.

Equation (2.12) equates the marginal disutility of the labor e¤ort to the utility value of the

wage rate, and de�nes the households labor supply curve. Equation (2.13) is a Euler equation

that determines intertemporal allocation: it equates the intertemporal marginal rate of sub-

stitution in consumption to the real rate of return on domestic bonds. Equation (2.14) is the

counterpart of equation (2.13) for foreign bonds. Equation (2.15) is the pricing condition for

physical capital in the non-traded sector. It equates the revenue from selling one unit of capital

today (qNt ), to the discounted value of renting the unit of capital for one period, and then selling

it, RN;t+1 + qNt+1; net of depreciation and adjustment costs
6. Equation (2.16) relates the cost

of producing a unit of capital in the non-traded sector to the shadow price of installed capital,

or Tobin�s Q, qNt : Equations (2.17), and (2.18) are the traded sector counterparts of (2.15) and

(2.16).

2.1.3 Rule-of-thumb consumers

Rule-of-thumb consumers do not smooth their consumption in face of �uctuations in their labor

income, nor do they intertemporarily substitute in response to changes in interest rates. Rule-

of-thumb consumers�income consists of labor income only:

u(Crt ;H
r
t ) =

(Crt )
1��

1� � � � (H
r
t )
1+ 

1 +  
(2.19)

subject to the budget constraint:

PtC
r
t = (1� �W )WtH

r
t � PtT rt (2.20)

Accordingly, the rule-of-thumb households consumer out of their disposable income, so that

consumption is given by:

Crt =
(1� �W )Wt

Pt
Hr
t � T rt (2.21)

The labor supply of rule-of-thumb consumers satis�es:

(1� �W )Wt = �(Hr
t )
 (Crt )

�Pt (2.22)

2.1.4 Aggregation

The aggregate level of any household-speci�c variable Xh
t is given by Xt =

R 1
0 X

h
t (i)di = !CX

r
t +

(1 � !C)X
o
t ; because households in each of the two groups are identical. Hence, from (2.5),

aggregate consumption demand for a single di¤erentiated non-traded good j is given by:

CN;t(j) = !CC
r
N;t(j) + (1� !C)CoN;t(j) = (

PN;t(j)

PN;t
)��CN;t (2.23)

6Adjustments are costs stemming from decreasing the capital stock. The installation function �NtKNt

as a function of INt shifts upwards as KNt decreases, which is represented by @=@KNt+1(�Nt+1KNt+1) =

��0Nt+1IN;t+1=KNt+1 + �Nt+1 in (2.15).
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where CN;t aggregate consumption of the non-traded goods is determined as:

CN;t � !CC
r
N;t + (1� !C)CoN;t (2.24)

Similarly, using (2.5) and (2.6), aggregate consumption demands for non-traded and traded

goods are given by:

CN;t = a(
PN;t
Pt

)��Ct; CT;t = (1� a)(
PT;t
Pt
)��Ct (2.25)

where aggregate consumption of traded goods and aggregate total consumption are de�ned as:

CT;t � !CC
r
T;t + (1� !C)CoT;t; Ct � !CC

r
t + (1� !C)Cot (2.26)

Similarly, hours, aggregate investment in traded and non-traded sectors, governments bonds

as well capital stock in both sectors are given by:

Ht = !CH
r
t + (1� !C)Ho

t (2.27)

IT;t = (1� !C)IoT;t; IN;t = (1� !C)IoN;t (2.28)

KT;t = (1� !C)Ko
T;t; KN;t = (1� !C)Ko

N;t (2.29)

Bt = (1� !C)Bo
t (2.30)

Because installation of capital in both sectors requires adjustment costs, which represent

a basket of goods composed by a non-traded goods and traded goods in the same mix as the

household�s consumption basket, the aggregate demand for non-traded and traded goods is given

by the following equations:

YN;t = a(
PN;t
Pt

)��[Ct + (1� !C)�N;tKo
N;t + (1� !C)�T;tKo

T;t] (2.31)

and

At = (1�a)(
PT;t
Pt
)��[Ct+(1�!C)�N;tKo

N;t+(1�!C)�T;tKo
T;t]+(1�!C)IoN;t+(1�!C)IoT;t (2.32)

where �i;t � �i;t(
Ioi;t
Ko
i;t
) =  I

2 (
Ioi;t
Ko
i;t
� �)2; i = N;T:

2.2 Production by Firms

We assume a continuum of monopolistically competitive �rms of measure unity in the non-traded

sector, each producing output with the production function:

YN;t(j) = ANKN;t(j)
�HN;t(j)

1�� (2.33)

where AN is a productivity parameter, the same across all �rms in the non-traded sector. Firms

in the traded sector operate under perfect competition with production function given by:
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YT;t(j) = ATKT;t(j)

HT;t(j)

1�
 (2.34)

where AT is a productivity parameter, the same across all �rms in the traded sector. There are

also a mass of one of �rms producing traded goods. We assume all �rms rent capital and labor

in perfectly competitive factor markets. Cost minimization implies equations:

Wt =MCN;t(1� �)
YN;t
HN;t

(2.35)

RN;t =MCN;t�
YN;t
KN;t

(2.36)

Wt = PT;t(1� 
)
YT;t
HT;t

(2.37)

RT;t = PT;t

YT;t
KT;t

(2.38)

where YN;t = ANKN;t
�HN;t

1�� and YT;t = ATKT;t

HT;t

1�
are aggregate supply functions of

non-traded and traded goods7. Demand for labor and capital in the non-traded sector goods

sector is described by equations (2.35)-(2.36), where MCN;t represents the (nominal) marginal

costs in that sector. It is noteworthy that the marginal costs in the non-traded sector are

identical across �rms, as long as their production functions exhibit constant returns to scale

and prices of inputs are fully �exible in perfectly competitive markets. Producers of the traded

goods are price-takers, so that equations (2.37)-(2.38) describe demand for labor and capital

inputs in the traded sector, with PT;t representing the unit cost of production.

2.3 Price setting in the non-traded sector

Firms in the non-traded sector set their prices as monopolistic competitors. We use Calvo (1983)

sticky price speci�cation and assume that the �rm j changes its price with probability (1� �N ):
That is, each period there is a constant probability (1� �N ) that the �rm will be able to change

its price, independent of past history. Following Yun (1996) and Erceg et. al. (2000), we also

assume that if prices are not reset, the old price is adjusted by a steady state in�ation factor:

�N = P=P�18: Hence, even if the �rm is not allowed to change its price, the latter grows at the

same rate as trend in�ation. Thus, the problem of the �rm j changing price at time t consists

of choosing price PnewN;t (j) to maximize:

7With respect to aggregation in the non-traded sector, in the appendix we show that the non-traded market

equilibrium equation has an additional term that deals with the distribution of prices in the non-traded sector.

However, as shown in the appendix (see also Yun (1996), Erceg et. al. (2000) and Christiano et. al. (2001)), this

term does not appear in the log-linear approximation of the resource constraint in the non-traded sector.
8Most dynamic stochastic general equilibrium models assume that in�ation is zero in the steady state. When

trend in�ation is considered, as it has been shown by many authors, both the long-run and short run properties

of Calvo time-dependent staggered price model change dramatically (e.g., Rotemberg, 2002; Bakhsi et. al. 2003;

Ascari, 2004). Thus to tackle this problem we augment the Calvo sticky price model by indexation of prices to

the trend in�ation, which has been used in Yun (1996), and Jeanne (1998).

9



Et

1X
i=0

�iN�t+i[P
new
N;t (j)�

i
NYN;t+i(j)� TCN;t+i(j)]

subject to the total demand it faces:

YN;t+i(j) = (
PnewN;t (j)

PN;t+i
�iN )

��YN;t+i

and where �t+i is an appropriate stochastic discount factor, �iN is the probability that the price

PnewN;t (j) set for good j still holds i periods ahead, and TCN;t+i(j) represents total (nominal)

costs. The discount factor relates to the way that households value their future consumption

relative to the current consumption, and we de�ne the discount factor as:

�t+i = �i
�t+i
�t

= �i
P�1t+iC

��
t+i

P�1t C��t

Cost minimizing behavior of the �rm in the non-traded sector yields the following expression

for the total costs: TCN;t+i(j) = PN;t+imcN;t+iYN;t+i(j); where mcN;t+i = MCNt+i=PN;t+i

represents real marginal costs.

The FOC of this maximization problem yields the following optimal price:

PnewN;t (j) =
�

�� 1
Et
P1

i=0(�N�)
i�t+i(P

new
N;t (j)�

i
N=PN;t+i)

�PN;t+imcN;t+iYN;t+i

Et
P1

i=0(�N��)
i�t+i(PnewN;t (j)�

i
N=PN;t+i)

�YN;t+i
(2.39)

From (2.39) it is clear that all �rms that reset their prices in period t, set it at the same

level, so PnewN;t (j) = PnewN;t ; for all j 2 [0; 1], and we could omit subscript j. If we de�ne two new
variables

P 1N;t = Et

1X
i=0

(�N�)
i�t+i(

PnewN;t �
i
N

PN;t+i
)�PN;t+imcN;t+iYN;t+i (2.40)

and

P 2N;t = Et

1X
i=0

(�N��n)
i�t+i(

PnewN;t �
i
N

PN;t+i
)�YN;t+i (2.41)

then (2.39) can be rewritten as:

PnewN;t =
�

�� 1
P 1N;t
P 2N;t

(2.42)

Both P 1N;t and P
2
N;t can be expressed recursively to avoid the use of in�nite sums, such that:

P 1N;t = �t(
PnewN;t

PN;t
)��PN;tmcN;tYN;t + ��NEtP

1
N;t+1 (2.43)

P 2N;t = �t(
PnewN;t

PN;t
)��YN;t + ��N�NEtP

2
N;t+1 (2.44)

The price index in the non-traded sector is given by:

PN;t = (

Z 1

0
PN;t(j)

1��dj)1=(1��)
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which can be expressed as the average of all prices set i periods ago (in period t � i) that still

hold in period t:

PN;t = (

1X
i=0

(1� �N )�iN (�iNPnewN;t�i)
1��)1=(1��) (2.45)

Expression in (2.45) can be rewritten recursively as:

PN;t = [(1� �N )(PnewN;t )
1�� + �N (�NPN;t�1)

1��]
1

1�� (2.46)

Note that log-linearizing a general price level in (2.46) and the optimal reset price (2.39)

around zero in�ation steady state and putting them together, one gets the usual New Keynesian

Phillips curve, which has become a basic component of recent models of the New Keynesian

Synthesis9:

�N;t =
(1� ��N )(1� �N )

�N
cmcN;t + �Et�N;t+1 = �NcmcN;t + �Et�N;t+1 (2.47)

where (1��N�)(1��N )
�N

= �N , and cmcN;t represents the log deviation of real marginal costs in the
non-traded sector from its steady state level.

2.4 Local Currency Pricing

We assume that the price of the traded good is �exible and determined by the law of one price,

so:

PT;t = StP
�
T;t

where P �T;t is the foreign currency price of the traded good, and St is the nominal exchange rate.

The economy is also small in respect that the economy�s export share is negligible in the foreign

aggregate price index, implying that the foreign price of traded goods is equal to the foreign

aggregate price level, and we assume that it equals to unity, so P �T;t = P �t = 1, and PT;t = St:

De�ning the real exchange rate as, et = StP
�
t =Pt; so the real exchange rate depreciates

(appreciates) when et rises (decreases). The rate of change of the real exchange rate is given as:

et
et�1

=
1 + �t
1 + �t

(2.48)

and the nominal exchange rate depreciation in period t is given by:

1 + �t =
St
St�1

(2.49)

2.5 Monetary policy

We assume that the monetary authority uses the nominal interest rate as the policy instrument.

We also assume that monetary policy is characterized as a Taylor rule:

log(
1 + it
1 + i

) = �Y log(
YNt
Y n
N;t

) + �� log(
1 + �N;t
1 + �N

) (2.50)

9 see for example, Clarida, Galí, and Gertler (1999), Goodfriend and King (1997)
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where �N is the target for the annual in�ation in the non-traded sector, i is the stationary values

of the interest rate, and YN;t=Y n
N;t is output of the non-traded sector relative to its �exible-price

equilibrium. Log-linearization of the feedback rule yields:

bit = �Y byN;t + ���t (2.51)

where �Y > 0; and �� > 1 are the reaction coe¢ cients on non-traded goods in�ation and byN;t is
the output gap in the non-traded sector.

2.6 Fiscal policy

The government budget constraint is:

�WWtHt + �K [RNtKNt +RTtKTt] + PTtOt +R
�1
t Bt+1 = PtGt +Bt (2.52)

where all quantities are expressed in aggregate terms. The �scal authority purchases the �nal

good, Gt (using the same aggregator as the household), raises taxes (lump-sum Tt and labor

and capital income taxes), and issues bonds (Bt+1) consisting of one-period nominal discount

bonds, paying 1 unit at the beginning of next period, and acquire oil revenues from export of

oil (PTtOt). The price of oil is determined exogenously at the world markets, so that oil income

is also an exogenous, stochastic variable:

Ot = O"t (2.53)

where

log("t) = �oil log("t�1) + �t (2.54)

Since oil revenues are denominated in the units of the traded goods, and because PT;t = St

following the assumption of a small open economy, "t can be described as the world price of oil,

denominated in foreign currency. It implies that �t shocks are international oil price shocks.

Government purchases are assumed to have no direct e¤ect on the utility of a household

and we assume that the log-linear counterpart of government purchases gt � (Gt �G)=Y; (Y is

GDP), follows the process:

gt = �ggt�1 + �t (2.55)

Denoting Lt � �WwtHt+ �K [rNtKNt+ rTtKTt]; tt � (Tt�T )=Y; bt � (Bt=Pt�1�B=P )=Y; and
lt = (Lt � L)=Y; log-linearization of the government budget constraint yields:

�bt+1 = gt + bt � tt � lt + �
B

PY
bit � B

PY
�t �

pTO

Y
(bpTt + b"t) (2.56)

Before an oil price shock hits the economy, the government follows a tax rule according to

which lump-sum taxes are adjusted to �nance any changes in government spending and debt

service. When the oil price shock occurs, oil revenues increase so the government has to decide

how to use additional oil revenues. In this paper we focus on two �scal strategies that can be

implemented by the government in response to the positive oil shock. First, the government may

use oil revenues to cut lump-sum taxes (equivalent to increasing transfers to the households).
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Alternatively, the oil windfall can be used to retire public debt. So, in the �rst case, we assume

that the government follows the tax rule:

tt + lt = �ggt + (i� + �b)bt �
B

PY
i��t +

B

PY
�bit � pTO

Y
(bpTt + b"t) (2.57)

and in the second case:

tt + lt = �ggt + (i� + �b)bt �
B

PY
i��t +

B

PY
�bit (2.58)

2.7 Market clearing

Market clearing requires:

(i) in the non-traded sector: Z 1

0
Y S
Nt(j)di = �tY

D
Nt (2.59)

where �t is a measure of relative price dispersion in the non-traded goods sector10 and Y D
Nt is

aggregate demand of non-traded goods in the economy de�ned as:

Y D
Nt � a(

PNt
Pt
)��[Ct + �N;tKNt + �T;tKTt +Gt] (2.60)

(ii) in the traded sector:

ATt = YTt + IMTt (2.61)

where domestic absorption of traded goods ATt is met via domestic production of traded goods

YTt and imports IMTt:

ATt � (1� a)(
PTt
Pt
)��[Ct + �N;tKNt + �T;tKTt +Gt] + INt + ITt (2.62)

(iii) in the labor market:

Ht = !CH
r
t + (1� !C)Ho

t (2.63)

(iii) balance of payments:

ATt = YTt +Ot (2.64)

3 Calibration and Solution

3.1 Steady state

We consider steady state with zero in�ation, but non-zero public debt. In steady state consump-

tion by Ricardian and non-Ricardian consumers may di¤er, so we do not impose the restriction

that Co = Cr: However, we assume that they pay the same level of lump-sum taxes, so that

T ot = T rt for any t:

10See technical appendix of Kuralbayeva (2006) for more details on this.
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3.2 Calibration

In calibrating the model one period is de�ned as one quarter. The parameter choices of the model

are described in Table 1, while Table 2 reports macroeconomic ratios implied by the theoretical

model. We set the following parameters of the utility function: �; the inverse intertemporal

elasticity of substitution in consumption, equal to 0.99;11 the value of coe¢ cient on labor � =

1. We set  = 2; which implies a Frisch elasticity of labor supply of 0.5. The elasticity of

substitution between non-traded and traded goods (�) is set to 1.2.12

We set the value of a, the share of non-traded goods in CPI, equal to 0.65, which implies

the steady state share of non-traded goods in GDP is 48 percent. We set the depreciation rate

at 10 percent per annum, a standard value in the business cycle literature. The value of the

adjustment cost parameter,  I is set at 0.1. This number is consistent with empirical estimates

of the adjustment cost parameter in the literature, although these estimates are for developed

countries13.

We set the steady-state real interest rate faced by the small economy in international markets

at 11 percent per annum, with a world interest rate r� of 4 percent and a country premium of

7 percent. These parameters yield the value of subjective discount factor, �; of 0.973. The

steady state value of oil income, O, was chosen such that oil transfers constitute 25 percent of

GDP. The steady state value of the stock of foreign assets is set to equal to 40 percent of GDP,

while the level of public debt is set to 60 percent of GDP. The elasticity of substitution between

di¤erentiated goods is set to equal 11, which implies a steady state mark-up of 10%. This is

within the range suggested by the literature14. We follow the literature in setting �N = 0:75;

which implies that, on average, prices last for one year.

Table 1 Calibration of the model - baseline speci�cation

11Ostry and Reinhart (1992) provides estimate of � for a group of Asian countries at 0.8. Aurelio (2005) uses

the value of � = 1 in her simulations. Gali and Monacelli (2002) assume log-utility of consumption, which also

implies a unit intertemporal elasticity of substitution.
12Ostry and Reinhart�s estimates of the parameter for Asian and Latin American countries equals 0.655 and

0.76 respectively, using one set of instruments, and 1.15 and 1.1 for a di¤erent set of instruments respectively.

Mendoza (2001) sets � = 1.46.
13Hall (2002) estimates a quadratic adjustment cost for capital and �nds a slightly higher value of 0.91 for  I ;

on average, across industries. A much closer value of 0.096 is found recently by Groth (2005) for estimates of

capital adjustment costs for UK manufacturing covering the period 1970-2000.
14Gali (2003) sets � = 11 as well, while in Gali and Monacelli (2002) the value of this parameter is equal to 6.

The empirically plausible range of 10% - 40% for markups, as Gali et. al. (2001) discuss, yields similar results.
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Parameter Value Description

� 0.99 Inverse of elasticity of substitution in consumption

� 0.973 Discount factor

� 1.2 Elasticity of substitution between non-traded and traded goods in consumption

� 1 Coe¢ cient on labor in utility

 2 Inverse of elasticity of labor supply


 0.65 Share of capital in traded sector

� 0.25 Share of capital in non-traded sector

� 0.025 Quarterly rate of capital depreciation (same across sectors)

a 0.65 Share on non-traded goods in CPI

 I 0.1 Investment adjustment cost (same across sectors)

�N 0.75 Probability of �xed price

� 11 Elasticity of substitution between di¤erentiated goods

�Y 0.5 coe¢ cient on output gap in Taylor rule

�� 1.5 coe¢ cient on in�ation in Taylor rule

!C 0.2/0.8 share of liquidity constrained consumers

�b 0.1 elasticity of lump-sum taxes to government debt

�g 0.3 elasticity of lump-sum taxes to government expenditure

�W 0.2 labor tax rate

�K 0.3 capital tax rate

�oil 0.8 persistence of the oil price shock

In our simulations, perhaps the most important variable is !C; the proportion of rule-of-

thumb consumers. Our model nests the standard representative-agent model, where Ricardian

equivalence holds (!C = 0), the model where the entire population is liquidity constrained

(!C = 1); as well as other models that allow for heterogeneity in terms of access to credit

markets (0 < !C < 1), which is consistent with empirical evidence (Campbell and Mankiw

(1989), Mankiw (2000)). Reporting our simulation results, we focus particularly on two limiting

cases, which correspond to values of !C = 0:2 and !C = 0:8, to examine how rule-of-thumb

behavior changes the mechanisms through which implementation of alternative �scal policies in

response to the shock a¤ect the economy.

The share of government spending in GDP equals 0.18. The response of lump-sum taxes to

debt, �b; is set to 0.1, while the response to government spending, �g; is equal to 0.3. We set

the size of the response of the monetary authority to the output gap, �Y ; to 0.5 and to in�ation,

��; to 1.5, values commonly used in the empirical Taylor rule.

In this paper we study a temporary improvement in the price of oil. We do not examine the

impact of productivity shocks and we set the values of the productivity parameters, AN and AT ,

in two sectors equal to unity. In the model, shocks to oil prices are represented by shocks to "t,

which, we assume, follow an AR(1) process with persistence 0.8, which is close to estimates of

the persistence of the terms of trade shock for East Asian countries in Devereux et. al. (2006).

With the benchmark parameters summarized in the Table 1 the model generates an economy

that has the following structure in the steady state:
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Table 3 Structure of the theoretical economy

External assets/GDP 40%

Public debt/GDP 60%

Traded production/GDP 26%

Absorption of traded goods/GDP 53%

Non-traded production/GDP 48%

Oil/GDP 25%

Government expenditure/GDP 18%

Investment in non-traded sector/GDP 4%

Investment in traded sector/GDP 7%

Capital in non-traded sector/GDP 1.67

Capital in traded sector/GDP 2.64

Consumption/GDP 73%

Consumption of non-traded goods/GDP 39%

Consumption of traded goods/GDP 34%

Labor income/GDP 43%

Employment in non-traded sector/Total Employment 78%

Employment in traded sector/Total Employment 22%

4 Lump-sum taxes

In this paper we analyze two options that the government can follow when faced with an increase

in oil revenues. Government has the options of reducing lump-sum taxes and retiring public debt.

It is important to note that in both cases taxes levied by the government are lump-sum. So, to

analyze the dynamic adjustments triggered by the alternative �scal strategies, we �rst need to

understand how changes in lump-sum taxes a¤ect decisions by households and we need to look

closely at the labor market. Therefore, we �rst derive the labor supply curve and then discuss

its properties for changes in lump-sum taxes.

4.1 Labor supply

In this section we outline the properties of the labor supply curve. First we solve for labor supply

and consumption of non-Ricardian consumers as a function of the real wage and lump-sum taxes:

bHr
t = (

1

 
� �a2

 
) bwt + �

 
a1
Y

Cr
tt (4.1)

bCrt = a2 bwt � a1 Y
Cr

tt (4.2)

where w is real wages and t are lump-sum taxes and parameters value are:

a1 =
1

1 + (1� �W ) � 
wHr

Cr

; a2 =
(1� �W )wH

r

Cr (1 +
1
 )

1 + (1� �W ) � 
wHr

Cr

(4.3)

Note that hours (labor supply) are positively related to the real wage as 1� �a2 > 0, which
always holds in the model irrespective of the value of �.
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The labor supply curve is:

(1� !CH
r

H
�a2) bwt =  bHt �

!CH
r

H
�a1

Y

Cr
tt +

1� !C
H

Ho� bCot (4.4)

The labor supply shifts because of two channels. The �rst one is �wealth e¤ect�, captured by

the second term in (4.4) and is generated by lump-sum taxes on non-Ricardian consumers. The

smaller the proportion of non-Ricardian consumers (!C), the higher labor elasticity (lower  )

the weaker this e¤ect, given the level of lump-sum taxes tt: The second channel through which

there is a shift in the labor supply comes via the e¤ect on Ricardian consumers (shift in Cot );

which depends on the following:

1. The persistence of the oil shock. The more persistent the shock, the higher is the present

discounted value of the oil windfall, so is the wealth e¤ect, which makes it less likely to get

increase in labor supply by Ricardian consumers.

2. Response of monetary policy to in�ation �� in the non-traded sector: a reduction in taxes

(lump-sum or distortionary) generates a wealth e¤ect which increases demand. The price of the

non-traded goods rises to achieve equilibrium in the domestic markets. This produces in�ation

in the non-traded sector and an increase in the interest rate by monetary authorities. If the

response is strong (that is the increase in the real interest rate is strong as well) then Ricardian

consumers prefer to postpone consumption by intertemporal substitution.

3. Price stickiness �N : higher price stickiness makes the increase in price and thus in in�ation

smaller, generating a smaller response of monetary authorities and thus a smaller increase in

the real interest rate.

5 Fiscal strategies in dealing with oil boom

In this section, we discuss adjustment dynamics for two alternative �scal strategies in the face

of the oil shock: tax reduction and debt repayment policies. In discussion below we look at

the main di¤erences concerning the e¤ects of tax reduction versus debt retirement strategy on

adjustment paths of the variables. We also evaluate quantitatively which of these two policies

lead to a stronger appreciation of the real exchange rate and how rule-of-thumb behavior a¤ects

the dynamic path of the real exchange rate. The reason is that stronger appreciation of the real

exchange rate implies bigger incentives for producers to reallocate production from traded to

non-traded goods and thus larger need for reallocation of capital across sectors. Thus discussing

our simulations results, we focus particularly on the response of the real exchange rate across

4 regimes (2 �scal strategies�2 limiting values of the proportion of the liquidity constrained
consumers).

5.1 Reduction in taxes

We �rst consider the case when government spending is �nanced by lump-sum taxes only. We

assume that the government use oil revenues to cut lump-sum taxes. Figures 1 - 4 illustrate the

adjustment dynamics for the reduction in lump-sum taxes when the ratio of liquidity constrained

consumers is relatively low, !C = 0:2; and when the ratio !C is relatively high, !C = 0:7:

17



A reduction in lump-sum taxes a¤ects the labor supply and consumption of households via

the wealth e¤ect. Ricardian consumers feel richer by the discounted present value of lump-sum

taxes. This boosts consumption by Ricardian consumers. Consumption of non-Ricardian agents

also rises due to the wealth e¤ect.

The wealth e¤ect on both Ricardian and non-Ricardian consumers increases demand for

both traded and non-traded goods. As demand rises for both types of goods, the relative price

of the non-traded goods must increase to restore home-market equilibrium. Such an increase in

the price of non-traded goods relative to traded goods results in an increase in the real wage in

the non-traded sector and then in the whole economy. Ricardian households are willing to work

more because of the increase in the real wage and thus due to an income e¤ect. Moreover, there

is also substitution e¤ect for Ricardian consumers, which is governed by  ; the intertemporal

elasticity of substitution in labor supply:

 ( bHo
t � Et bHo

t+1) = ( bwt � Et bwt+1) + brt (5.1)

where where real interest rate rt = it�Et�t+1 and its linearized version brt = ln[(1+ rt)=(1+ r)].
Equation (5.1) implies that if real wages are expected to be higher tomorrow than they are today,

Ricardian agents prefer to postpone some work for tomorrow. The intertemporal substitution

e¤ect works in the opposite direction of the income e¤ect if the real wage is expected to increase

next period. In our case wage growth is expected to be negative, so that income and substitution

e¤ects work in the same direction. Moreover, there is also an intertemporal substitution e¤ect of

the real interest rate which says that Ricardian households �nd it optimal to work more today

and postpone consumption.

In sum, there are four channels though which a tax reduction a¤ects Ricardian consumers:

(i) the wealth e¤ect which tends to reduce the labor supply and increase their consumption

today; (ii) the income e¤ect, which increases the labor supply in response to an increase in real

wages; (iii) the substitution e¤ect, which has similar e¤ect as the income e¤ect; (iv) the real

interest rate e¤ect, which tends to increase labor supply today and postpone consumption today.

It could be expected that wealth e¤ect is relatively weak and is dominated by the other three

e¤ects. So, the net e¤ect on labor supply by Ricardian consumers is positive on the impact of

the shock.

It is obvious that the larger proportion of liquidity constrained consumers, the bigger the

initial spending e¤ect and thus a higher appreciation of the real exchange rate and stronger

increase in real wages on the impact of the shock. Indeed, a comparison of the short-run reaction

of the real exchange rate in �gures 1 and 3, illustrates this point, namely the real exchange rate

appreciates by almost 0.075 percent in case of !C = 0:2; and it appreciates by more than 0.1

percent when !C = 0:7:15

The stronger increase in real wages with a higher proportion of liquidity constrained con-

sumers also means a stronger real interest rate e¤ect, and as discussed earlier, implies that

Ricardian households �nd it optimal to work more today and postpone their consumption. As

15 It is clear that the steady states of the model for di¤erent values of the parameter !C are di¤erent. So, as

may be argued quantitative comparison of adjustment dynamics of the variables may not be appropriate here.

See the discussion section below on this point.
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is seen in �gures 1 and 3, consumption of Ricardian consumers falls in the short-run when the

major part of the population is liquidity constrained, while it rises if the proportion of rule-of-

thumb consumers is low (!C = 0:2): Thus non-Ricardian agents�consumption crowd outs the

consumption of the Ricardian households.

In summary, in this section we have shown that in an economy where the higher proportion

of the economic agents are liquidity constrained, a reduction in lump-sum taxes, which can

be undertaken with purpose of helping poor people, is simply spent away. This triggers real

exchange rate appreciation, which is stronger the higher proportion of liquidity constrained

consumers that induces the bigger immediate spending e¤ect. The higher level of spending, the

more capital accumulation is needed in the non-traded sector; the more capital is dismantled in

the traded sector. Thus, the government fails to correct for the myopic behavior of non-Ricardian

consumers by simply reducing lump-sum taxes16.

5.2 Debt retirement

In this section we consider the case where the government uses the increased oil revenues to

retire public debt. We start by analyzing the dynamic adjustment to the shock when the ratio

of Ricardian consumers in the economy is relatively small (!C = 0:2): Figures 5 and 6 illustrate

dynamic adjustments in that case.

In the short-run we have the conventional story of a reaction to the positive demand shock.

In particular, as Ricardian consumers anticipate debt repayment in the subsequent periods,

and thus a further reduction in debt servicing costs, that is a reduction in taxes, they demand

more traded and non-traded goods. Excess demand for goods increases the relative price of the

non-traded goods to restore equilibrium on the domestic market. A rise in the relative price

of non-traded goods, which increases demand for labor in the non-traded sector, triggers an

increase in employment in the non-traded sector and a decline in the traded sector.

An increase in the real wage in the economy also raises the income of non-Ricardian agents

and thus their spending in the short-run.

The trade balance responds positively to the oil shock. The current account follows a similar

behavior in the short-run where there are no changes in the stock of foreign assets and thus in

interest rate payments.

Dynamic adjustment

Throughout the adjustment period, Ricardian consumers start replacing some retired do-

mestic bonds by foreign assets. However, there is not one-to-one replacement of domestic bonds

by the foreign ones, so �nancial wealth starts declining, and Ricardian households channel some

of the retired funds to other assets in the economy, in particular in capital formation in both

sectors of the economy.

In subsequent periods, according to (2.58) debt retirement is accompanied by a decline in

lump-sum taxes which increases the disposable income of non-Ricardian agents. Given that they

are not forward-looking agents, so at the beginning of the �rst period they are not anticipating

16 It is necessary to note that this outcome is equivalent to the one obtained in the case where oil is appropriated

by the private sector and divided evenly across the whole population.
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favorable developments in their disposable income induced by debt repayment in the future,

their consumption and spending adjustment paths mirror the path of lump-sum taxes and thus

follow a hump-shaped response. Consequently, wages, employment and output of both sectors

also follow the similar hump-shaped response to the shock.

The trade balance is in surplus throughout the adjustment period. Positive adjustment of the

stock of foreign assets towards long-run equilibrium generates an interest rate payments surplus,

which requires a current account surplus throughout the long-run value. It also re�ects the fact

that the real exchange rate appreciates on impact of the shock and continues to appreciate over

time at a decreasing rate.

Now we turn to the analysis of the dynamic adjustment of the model to the shock when

there is a high proportion of liquidity constrained consumers in the economy (!C = 0:7): The

relevant �gures now are 7 and 8. The oil price shock gives rise to virtually the same dynamic

adjustment as before, more substantive di¤erences arise in the short-run reaction of the economy.

Speci�cally, consumption by non-Ricardian consumers and the wage rate declines on the impact

of the shock. Second, employment in the traded sector rises, while employment in the non-

traded sector declines in the short-run in contrast to what was observed before. Third, the real

exchange rate reaction is hump-shaped in contrast to a smooth reaction in the previous case.

The reasons for such di¤erent adjustment of the variables can be seen as follows.

As before, a decline in lump-sum taxes in the short-run raises the disposable income of house-

holds, including non-Ricardian ones, creating excess demand for goods. As demand rises for both

types of goods, the relative price of the non-traded goods must increase to restore home-market

equilibrium. Now, two factors are at work, which trigger the decline in the production of non-

traded goods in the short-run. First, an important characteristic of non-Ricardian consumers is

that they do not substitute consumption intertemporally between periods, and thus they make

only intratemporal decisions concerning consumption of the non-traded and traded goods. Their

decision regarding the distribution of consumption between two types of goods is clearly a¤ected

by the relative price of the goods. Second, the initial rise in income of non-Ricardian households

is not so sizable to increase their purchasing power large enough to enable them to purchase

more expensive non-traded goods. For comparison, when the government follows a tax reduction

strategy, lump-sum taxes are cut by almost 0.2 percent, as we can see from �gure 4. While a

public debt consolidation strategy implies a less than 0.025 percent reduction in taxes in the

short-run. Thus, a marked increase in the relative price of the non-traded goods eliminates the

demand for those goods from rule-of-thumb consumers�side. Given that liquidity constrained

households represent the major part of the whole population, this leads to a decline in demand

for output of non-traded goods and thus labor in that sector in the short-run, pulling down the

economy-wide wage rate. This explains why non-traded goods production and wage rate fall on

impact of the shock.

According to (4.2), a decline in real wages moves consumption of non-Ricardian consumers

in the opposite direction of the tax cuts, and the net e¤ect on the consumption of rule-of-thumb

consumers is negative in the short-run if the �rst e¤ect dominates. Such a sizable decline in

consumption of constrained households is observed for very high levels of !C (e.g., 0.9, not

reported here). For intermediate values of !C (from around 0.2 to roughly 0.8) these e¤ects
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largely o¤set each other, leading to a slight consumption response on the impact of the shock.

A decline in an employment in the non-traded sector together with reduction in wages results

in reduction in (real) marginal costs of production of the non-traded goods. As in the non-traded

sector, prices are sticky and output is demand-determined, the �rms produce output as long as

their prices are above marginal costs. As real marginal costs decline on the impact of the shock,

�rms that are able to reset their prices �nd it pro�table to set a price below the average price

of the previous period, which causes a decrease in the price of the non-traded good and thus

de�ation in that sector. The dynamics of in�ation and the output gap are mirrored in the

behavior of the interest rate, which declines on the impact of the shock and remains negative

throughout the adjustment period.

Another important di¤erence between dynamic adjustments of the model for di¤erent values

of !C lies in the behavior of the real exchange rate, which is hump-shaped when the proportion

of liquidity constrained consumers is high; this response is not observed for small values of

!C ; when the real exchange rate path is smooth. The intuition behind this is as follows. On

the one hand, a real exchange rate appreciation re�ects an increase in demand for both types

of goods, which is maintained throughout the adjustment period to achieve domestic goods

market equilibrium. On the other hand, a public debt consolidation strategy implies, after an

initial slight change in lump-sum taxes, a gradual decline in taxes in subsequent periods. As a

result, forward-looking consumers who anticipate that decline have an incentive to smooth and

increase their consumption today. Hence, in the economy with a higher proportion of liquidity

constrained consumers the real exchange rate tends to follow a hump-shaped adjustment path,

which corresponds to strong domestic demand and an inability of most of the population to

smooth consumption.

5.3 Discussion

Summarizing our discussion of adjustment dynamics for two alternative �scal strategies in face

of the oil shock, we �rst summarize the main mechanism through which implementation of

�scal options a¤ect the economy. First, the �scal strategy based on cutting lump-sum taxes (or

increasing lump-sum transfers) operates mainly through the e¤ect on the wealth of households

and via responses of labor supply and consumption. Speci�cally, the increase in lump-sum

transfers directly a¤ects the disposable income of liquidity constrained agents and thus generates

a sizable direct e¤ect. This e¤ect is stronger the larger the ratio of rule-of-thumb consumers.

The e¤ect on Ricardian consumers is more muted as they anticipate future favorable changes

in disposable income and increase their spending by the present discounted value of all current

and future transfers.

In contrast to the �rst option, the second �scal strategy a¤ects macroeconomic outcomes

mainly by a¤ecting Ricardian consumers via changes in their �nancial wealth and both types of

households via debt elimination, thereby indirectly via changes in their disposable income.

These mechanisms through which implementation of �scal policies in response to the shock

are transmitted to the economy, have an important consequence for the dynamic paths of the

variables. In particular, comparing adjustment dynamics triggered by the alternative �scal

policies, it is important to point out the di¤erences in the response of the real exchange rate.
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The size of the initial appreciation of the real exchange rate is unambiguously lower in the case

of the debt-retirement strategy compared with what happens if the government follows a tax

reduction strategy. Moreover, further appreciation of the real exchange rate re�ected in the

hump-shaped pattern of behavior in the case of debt consolidation policy still does not match

the appreciation observed in the case of a tax cut strategy. Overall, these results depend on

the share of liquidity constrained consumers in the economy. Speci�cally, as expected, hump-

shaped behavior of the real exchange rate becomes smoother the lower the ratio of rule-of-thumb

consumers. Secondly, there is no a marked distinction in reaction of the real exchange rate across

�scal strategies in an economy where unconstrained households represent most of the population.

These results are not surprising, as a lower proportion of liquidity constrained consumers, that

is a bigger share of Ricardian agents in an economy implies that no matter how a government

chooses to manage additional oil revenues, whether with debt repayment or lump-sum tax cuts,

the outcome will be almost indi¤erent.

6 Conclusion

In this paper we examine the adjustment mechanisms triggered by alternative �scal policies

which can be implemented by the government in the face of an oil price shock. We assume that

oil is appropriated by the government and study tax reduction and debt retirement policies that

are implemented by means of �scal feedback rules. The purpose is to evaluate quantitatively

which of these �scal policies can moderate the Dutch disease e¤ect caused by the real exchange

rate appreciation on impact of the shock. As we demonstrate �scal policy can play its role

in limiting a disruptive exchange rate appreciation. However, the ability of �scal policy to

contribute to stabilization of the economy to the shock depends on the underlying �scal policy

regime. The proportion of liquidity constrained consumers also matter in this respect: a higher

proportion of myopic consumers makes the distinction between the e¤ects of alternative �scal

policies on the behavior of the real exchange rate more sizable.

If, for instance, �scal authorities use oil revenues to lower lump-sum taxes, then they allow oil

revenues to fuel primarily a consumption boom and do not prevent the oil boom from having an

over-expansionary e¤ect on the economy. It is necessary to note that this outcome is equivalent

to the situation when oil is appropriated by the private sector and divided evenly across the

whole population.

If, instead the government decides to retire public debt, then it could help to mitigate

the boom by limiting appreciation of the real exchange rate. The downside of such a �scal

strategy, however, is that the real exchange rate behavior is sluggish and hump-shaped. Hence,

even though our results show that a debt-retirement policy is favorable to the lump-sum tax

reduction strategy in terms of moderating the Dutch disease e¤ect of an oil boom, overall, our

set-up does not allow us to evaluate the merits of various �scal policy strategies in the face of

such a shock. Such analysis requires welfare analysis when various �scal adjustment costs are

weighted against other objectives of the �scal policy. This is a direction where future research

should be developed.

Finally, it is necessary to note that while this paper deals with issues of neutralizing the
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short-term e¤ects of oil price �uctuations, the oil management issue is beyond the scope of this

paper. Thus, this paper does not consider other potential stabilization mechanisms discussed

in the literature, in particular stabilization funds and accumulation of foreign assets by the

government. A broader discussion on this aspect can be taken up in future research.
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Figure 1: !C = 0:2; tax reduction strategy
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Figure 3: !C = 0:7; tax reduction strategy
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Figure 5: !C = 0:2; debt retirement policy
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Figure 6: !C = 0:2; debt retirement policy
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Figure 7: !C = 0:7; debt retirement policy
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Figure 8: !C = 0:7; debt retirement policy
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