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Abstract

I explain the analytically tractable optimizing small open economy model with Calvo-

type staggered price setting in Gali and Monacelli (2005) and replicate the macroe-

conomic implications of three alternative rule-based policy regimes for the small open

economy: Domestic inflation and CPI-based Taylor rules, and an exchange rate peg. The

key difference between these regimes is the relative amount of exchange rate volatility

that they entail. Additionally, I estimate a small open economy VAR model to analyze

the interactions between the Turkish and Euro area economies using block-exogeneity

restriction. I find that domestic shocks are the major sources of variability for Turkish

price level, interest rates and TRY/EUR exchange rate, whereas Turkish output gap is

driven mainly by the foreign shocks.

Keywords: Small open economy, Optimal monetary policy, Sticky prices, Taylor rule,

Foreign shocks, Turkey, Euro area.

JEL Classification: E58, E 52, F41, F42



Özet

Gali and Monacelli (2005) çalıs.masındaki analitik çözümü mümkün olan ve fiyatların

Calvo yapıs.kan fiyatlar teorisine göre belirlendig̃i küçük açık ekonomi modelini anlatarak

üç farklı para politikası rejiminin makroekonomik sonuçlarını tekrar ettim: Yurtiçi

enflasyon ve Tüketici Fiyat Endeksi baz alınan Taylor kuralları ve sabit döviz kuru

politikası. Elde edilen sonuçlar, bu farklı rejimlerin arasındaki temel farkın döviz ku-

runda hangi seviyede oynaklıg̃a izin verdikleri oldug̃unu gösteriyor. Ek olarak, bir küçük

açık ekonomi VAR modeli hesaplayarak Türkiye ekonomisi ve Avro bölgesi ekonomisi

arasındaki ilis.kileri blok dıs.sallık kısıtlamasını kullanarak analiz ettim. Türkiye’deki

fiyat seviyeleri, faiz oranları ve döviz kurundaki dalgalanmaların temel kaynag̃ının yurtiçi

s.oklar oldug̃unu, fakat Türkiye üretim açıg̃ındaki dalgalanmaların çog̃unlukla dıs. s.oklar

ile açıklanabildig̃ini buldum.

Anahtar Sözcükler: Küçük açık ekonomi, Optimal para politikası, Yapıs.kan fiyatlar,

Taylor kuralı, Dıs. S. oklar, Türkiye, Avro bölgesi.
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Chapter 1

Introduction

New Keynesian economics has been built on the foundations by Fischer (1977) and Tay-

lor and Phelps (1977), which both used stochastic rational expectations models in an

environment with wage and price rigidities, respectively, to show that the proper use of

a feedback monetary policy rule can reduce the fluctuations in the economic activity.

Gordon (1990) gives a discussion of the properties and the early history of the field.

New Keynesian approach is based on the idea that temporary nominal price rigidities

are the key frictions that give rise to non neutral effects of monetary policy. As Clarida

et al. (1999) state, other strands of literature either reject the idea of nominal price

rigidities as in real business cycle theory or focus on other nominal rigidities such as

money demand.

When there exists nominal rigidities, monetary policy can effectively change the short

term real interest rate by varying the nominal interest rate. Through this mechanism,

it may play a significant role over the fluctuations in the domestic variables of the econ-

omy. In contrast to the traditional mechanism, since both the firms and the households

are forward-looking, beliefs about how the central bank will set the interest rate in the

future also matter. Therefore, how monetary policy should respond in the short run to

the disturbances hitting the economy becomes a non-trivial decision. Gaĺı and Gertler

(2007) describe the main futures of the new macroeconomic models used for monetary

policy evaluation. They emphasize the significant role of expectations of future policy

actions in the monetary transmission mechanism and the importance of keeping the

1



Chapter 1. Introduction 2

output and the real interest rate at their natural levels.

Woodford (2003) explains the New Keynesian dynamic stochastic general equilibrium

modeling methodology in a closed economy setting. In a model with both wage and price

rigidity, Erceg et al. (2000) show that the monetary policy cannot replicate the Pareto

optimal equilibrium that would occur in an environment absent from nominal rigidities

because of the tradeoff between stabilizing the output gap, price inflation and the wage

inflation. Schmitt-Grohé and Uribe (2004) studies optimal fiscal and monetary policy

under a model with sticky prices where the government imposes distortionary income

taxes, prints money and issues riskless bonds. They find that the optimal volatility of

inflation is near zero and small deviations from full price flexibility induce near random

walk behavior in government debt and tax rates.

Openness complicates the monetary policy decision problem to the extent the central

bank must take into account the impact of the exchange rate on real activity and in-

flation. Therefore, including the exchange rate into the design of monetary policy is

another crucial consideration in an open economy setting. Obstfeld and Rogoff (1995)

is marked as the seminal paper in new open economy literature. Sarno (2001) and

Bowman and Doyle (2005) give a summary of the work in this field and emphasize its

implications for monetary policy. Lane and Ganelli (2003) discusses the key issues in

open economy modeling by focusing on the currency denomination of sticky prices, the

role of the current account and net foreign assets and the impact of fiscal policy.

In a small open economy setting, Svensson (2000) compare CPI and domestic inflation

targeting with both strict and flexible cases, inflation targeting reaction functions and

the Taylor rule. The author examines optimal monetary policy response to several dif-

ferent shocks and finds that flexible CPI inflation targeting stands out as successful in

limiting not only the variability of CPI inflation but also the variability of the output

gap and the real exchange rate.

Under the assumption of perfect exchange rate pass-through, Clarida et al. (2001) shows

that the monetary policy design problem for the small open economy is equivalent to
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the problem of the closed economy for some certain conditions, except that the degree

of openness affects how aggressively a central bank should adjust the interest rate in

response to the disturbances. On the other hand, Monacelli (2006) finds that incom-

plete pass-through of exchange rates to prices renders the analysis of monetary policy of

an open economy fundamentally different from the one of a closed economy. Moreover,

Clarida et al. (2001) finds that central bank should target domestic inflation and allow

the exchange rate to float despite the impact of the resulting exchange rate variability

on inflation, whereas Monacelli (2006) shows that incomplete pass-through generates a

short-run tradeoff between the stabilization of the output gap and inflation.

Schmitt-Grohé and Uribe (2001) lay out an optimizing model of a small open econ-

omy with price rigidities and compares the welfare costs of a dollarized economy with

economies in which monetary policy takes the form of inflation targeting, money growth

rate pegs, or devaluation rate rules. They find that the dollarization is the least suc-

cessful of the monetary policies considered.

Corsetti and Pesenti (2001) develops a model for analyzing the welfare of the interna-

tional transmission of monetary and fiscal policies. They find positive externalities of

foreign monetary expansions and foreign fiscal contractions on domestic welfare.

Devereux and Engel (2003) focus on the extent to which monetary policy should aim

maintaining the exchange rate. He finds that under local currency pricing optimal

monetary policy in response to real shocks should be keeping the exchange rates fixed.

On the other hand, when real country-specific shocks are not important and when a

country’s monetary sector is stable, the benefits from a freely floating exchange rate in-

creases. Modifying the model in Devereux and Engel (2003) to produce nonsynchronous

consumption movements, Duarte and Obstfeld (2008) upset the fixed exchange rate pre-

scription even in the expenditure-switching role of exchange rate changes.

Schmitt-Grohé and Uribe (2004) studies optimal fiscal and monetary policies under

sticky product prices. They find that for a small degree of price stickiness the opti-

mal volatility of inflation is near zero. In addition, they show that small deviations from
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full price flexibility induce near random walk behavior in government debt and tax rates.

Leitemo and Söderström (2005) analyze the performance of common simple monetary

policy rules in a small open economy model. They find that adding the exchange rate to

an optimized Taylor rule gives only small improvements in terms of economic stability.

Their results show that Taylor rule may be sufficient to stabilize a small open economy.

Gali and Monacelli (2005) lay out a small open economy version of a model with Calvo-

type price setting with an endogenous monetary policy. The latter property allows the

authors to analyze the macroeconomic implications and relative welfare rankings of three

different monetary regimes. They find that these regimes can be ranked according to

their implied volatility for the terms of trade and exchange rate volatility. Under a

particular parametrization, they find that stabilizing domestic inflation is the optimal

policy. Hence, a policy of strict domestic inflation targeting which successfully achieves

a simultaneous stabilization of the output gap and domestic inflation implies a substan-

tially greater volatility in the nominal exchange rate and terms of trade. By developing

a generalized loss function for the small open economy, De Paoli (2009) also demonstrate

that the exchange rate volatility has important effects on the welfare in a small open

economy.

Schmitt-Grohe and Uribe (2007) analyzes optimal monetary and fiscal policy rules in a

model with sticky prices, money and distortionary income taxation. They find that the

inflation coefficient in the interest-rate rule plays a minor role for welfare. Moreover,

optimal monetary policy does not respond to output excessively. Interest-rate rules that

feature a positive response to output can lead to significant welfare losses. Additionally,

optimal fiscal policy stands as a passive one in their model.

Faia and Monacelli (2008) analyze optimal monetary policy in a small open economy

characterized by home bias in consumption. They show that this bias is a sufficient

condition for inducing monetary policy authorities to deviate from a strategy of strict

markup stabilization and contemplate some degree of exchange rate stabilization.
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In a tractable model for a currency union which includes country-specific shocks and

nominal rigidities, Gali and Monacelli (2008) focus on the optimal design of fiscal and

monetary policies. They find that the optimal policy requires stabilizing inflation at the

union level. On the other hand, the relinquishment of an independent monetary policy,

coupled with nominal price rigidities, generates a stabilization role for fiscal policy from

the viewpoints of individual countries and the union as a whole.

The open economy New Keynesian models provide a theoretical motivation for the em-

pirical assessment of the importance of domestic and foreign shocks on the variability

of various macroeconomic variables in small open economies. Utilizing the block exo-

geneity restriction, which exploits the assumption that the small open economy cannot

influence significantly the developments in the rest world is another property being used

in most of these models.

Cushman and Zha (1997) consider the interactions between the U.S. and the Canadian

economy for the identification of the Canadian monetary policy using the block exogene-

ity restriction. The authors argue that the previous literature was unable to identify

the monetary policy shock accurately, as it did not control for external factors explicitly.

Kim (2001) studies the effects of US monetary policy shocks on non-US G7 countries.

The author finds that US monetary expansion has a positive spillover effect on output

in these countries. In addition, expansion leads to a short run deterioration of the trade

balance, but the balance improves persistently in the medium to long run. Contrary

to previous literature which suggested that non-US G7 countries’ monetary policy sub-

stantially follow the US monetary policy, the author shows that after controlling for

inflationary or supply shocks, the non-US monetary authorities does not seem to re-

spond extensively to the U.S. monetary policy shocks, except for Canada.

Muscatelli et al. (2004) examines the interaction of monetary and fiscal policies using an

estimated New Keynesian dynamic general equilibrium model for the U.S. They show

that the strategic complementarity or substitutability of fiscal and monetary shocks de-

pends on the types of shocks hitting the economy, and on the assumptions made about
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the underlying structural model.

Giordani (2004b) focuses on the responses of a small open economy to foreign rather

than to domestic shocks. He estimates a structural theoretical model from a class of

New-Keynesian models and compares it with Bayesian VAR. The author finds that the

U.S. shocks are a very important source of variation in all Canadian variables.

Canova (2005) examines the importance of the effects of the U.S. monetary policy shock

on the Latin America economies. He does not find a major difference in terms of

the transmission of the shocks between the countries with fixed and flexible exchange

regimes.

Mackowiak (2006a) focuses on the role of external shocks on the macroeconomic vari-

ation in Czech Republic, Poland and Hungary by using Germany as a proxy for the

external shocks. He finds that the price level and the real output in these small open

economies are mainly driven by the foreign shocks.

Mackowiak (2006b) investigates the impact of Japanese monetary shocks on macroe-

conomic variation in East Asia economies, Hong Kong, Malaysia, Korea, Philippines,

Singapore and Thailand. Using Bayesian VAR he finds that Japanese monetary shocks

have only a small share on the variance in real output, trade balances and exchange

rates in East Asia. In particular, he does not find evidence that expansionary Japanese

monetary policy contributed to the East Asian crisis.

Mackowiak (2007) estimates the structural VAR models with block exogeneity for 10

emerging markets from Latin America and East Asia. The author finds that in a typical

emerging market, external shocks account for approximately 50% of the variation in

exchange rate and the price level and 40% and 33% for the variation in real output and

short term interest rate, respectively. Additionally, he shows that U.S. monetary policy

shocks are less important for emerging markets than other external shocks. On the other

hand, the U.S. price level and real output reacts to U.S. monetary policy tightening more
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than the emerging economies.

Lubik and Schorfheide (2007) focuses on the conduct of monetary policy in Australia,

Canada, New Zealand and the U.K. by estimating a structural general equilibrium model

of a small open economy using Bayesian methods. They find that only the monetary

authorities in Canada among these countries respond to exchange rate changes.

In this thesis, first, I explain the model of Gali and Monacelli (2005) and display their

numerical results which shows the comparisons in terms of the macroeconomic and wel-

fare implications of four alternative monetary policy rules: An optimal policy which

successfully achieves stabilizing the domestic inflation and the output gap, a domestic

inflation targeting Taylor-type rule, a CPI inflation targeting Taylor-type rule and an

exchange rate peg. I replicated these results using Dynare.

Next, following Horvath and Rusnák (2009) I estimate a VAR model which can be

thought of as the reduced form of the New Keynesian model in Gali and Monacelli

(2005). In the VAR analysis, I focus on the interactions between the Turkish and the

Euro area. I utilize the block exogeneity restriction, assuming Turkey as a small open

economy and the Euro zone as the close world economy. My results are mostly in line

with Giordani (2004b). I find that the domestic shocks are the dominant shocks of

Turkish inflation, interest rate and the TRY/EURexchangerate, whereas most of the

variance of the Turkish output is attributable to foreign shocks. In particular, the re-

sults show that the ECB monetary shock have a significant effect on Turkish output

gap which lasts for 10 quarters after the shock. Given that the ECB monetary shock

does not significantly influence the bilateral exchange rate, this effect is not likely to

arise from an increase in net exports. I suggest that one possible explanation of this

relationship may be the integration of the Euro area and the Turkish financial markets.

Since Turkish interest rates are much higher than the ECB interest rates, when ECB

implements a monetary tightening, the European banks may invest their increased lia-

bilities in Turkish financial market which, in turn, would rise the available credits in the

Turkish financial market, ending up in a boost of domestic consumption and investment
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levels.

The thesis is organized as follows. In chapter 2, I present the small open economy

model of Gali and Monacelli (2005) and present their numerical results. In chapter 3, I

present the theoretical motivation and the methodology for the VAR model I estimate.

I conclude Chapter 3 by discussing the results of the estimated VAR and comparing the

effects of domestic and foreign shocks on Turkish variables. The results are summarized

in Chapter 4.



Chapter 2

The Model

A century ago, Swedish economist Knut Wicksell argued that the essential monetary

instrument is interest rates (Wicksell (1907)). According to his view, price stability

depends on keeping the interest rate in line with the natural interest rate which is de-

termined by real factors such as marginal productivity of capital.

Theoretical literature of monetary policy almost entirely characterized the policy in-

strument as money supply and considered money-growth rules in different types until

recently (Woodford (2003), Chapter 1).

Reviving the earlier approach of Knut Wicksell, Woodford (2003) considered systematic

monetary policies that are described in terms of rules for setting a nominal interest

rate. In a model where the concepts of money supply and demand become inapplicable,

Michael Woodford provides two possible explanations for the determination of the equi-

librium level of prices. First, past prices may determine current equilibrium prices due

to either wage or price stickiness. Second, Central Bank’s interest rates may determine

the equilibrium prices, which is called the Wicksellian view.

Considering the second explanation, Woodford (2003) builds a closed-economy general

equilibrium model where the monetary policy is specified in terms of an interest-rate

feedback rule, without any reference to the fluctuations in the money supply. The re-

sulting framework, which is called canonical Calvo structure consists of an IS-block, an

9
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aggregate supply-AS block and an interest-rate feedback rule. In this modeling, inflation

and output can entirely be explained in Wicksellian terms: The relation between the

natural interest rate determined by real factors and the central bank’s rule for adjusting

the short-term interest rate determines the evolution of these variables. The discrepancy

between the actual and the natural interest rate is a result of the Calvo-type staggered

price setting of the firms. In other words, the failure of adjusting the prices sufficiently

rapidly causes the actual interest rate to be different from the natural one.

Gali and Monacelli (2005) extends the canonical Calvo model to a two-bloc model by

assuming the world economy as a continuum of small open economies represented by

the unit interval. The different economies are assumed to share identical preferences,

technology, and market structure. Since each economy is of measure zero, its domestic

policy decisions do not affect the rest of the world. Then, the authors describe three

alternative policy rules for the small open economy and compares their implication for

welfare.

In this section, I will present the model in Gali and Monacelli (2005). Next, I will present

the results of the comparison between the alternative policy rules which I replicated us-

ing Dynare. The variables without an i index refer to the small open economy being

modeled while the variables with an iε[0, 1] subscript refer to economy i, one among the

continuum of economies making up the world economy. Variables with a star superscript

correspond to the world economy as a whole. The lower-case variables represent the log

levels

2.1 Households

The representative household in the small open economy seeks to maximize

E0

∞∑
t=0

βt

[
C1−σ
t

1− σ
− N1+ϕ

t

1 + ϕ

]
(2.1)
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where Nt denotes the hours of labor, and Ct is a Dixit-Stiglitz composite index of

consumption defined by

Ct =
[
(1− α)

1
ηC

η−1
η

H,t + α
1
ηC

η−1
η

F,t

] η
η−1

(2.2)

where CH,t and CF,t are consumption indices for domestic and imported goods, respec-

tively, and η > 0 is the elasticity of substitution between home and imported foreign

goods. CH,t and CF,t, in turn, are given by the following CES aggregators of the quan-

tities consumed of each type of the good:

CH,t =
(∫ 1

0
CH,t(j)

ε−1
ε dj

) ε
ε−1

(2.3)

CF,t =
(∫ 1

0
Ci,t(i)

γ−1
γ di

) γ
γ−1

(2.4)

where iε[0, 1] represents the economy i, jε[0, 1] represents the good variety, the parame-

ters ε > 1 and γ denote the elasticity of substitutions between varieties produced within

any given country and between goods produced in different foreign countries, respec-

tively.

Ci,t is, in turn, a CES aggregator of the quantity of goods imported from country i and

consumed by domestic households. It is given by

Ci,t =
(∫ 1

0
Ci,t(j)

ε−1
ε dj

) ε
ε−1

(2.5)

Since parameter αε[0, 1] is inversely related to the degree of home bias in preferences, it

can be used as an index of openness.

The representative household maximizes his utility subject to a sequence of budget

constraints of the form:

∫ 1

0
PH,t(j)CH,t(j)dj +

∫ 1

0

∫ 1

0
Pi,t(j)Ci,t(j)djdi+ Et[Qt,t+1Dt,t+1]] ≤ Dt +WtNt + Tt

(2.6)

for t = 0, 1, 2, . . ., where Pi,t(j) is the price of variety j imported from country i. Dt+1,

which also includes the shares in firms, is the nominal payoff in period t + 1 of the
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portfolio held at the end of period t. Wt is the nominal wage, and Tt denotes lump-sum

transfers/taxes. All the previous variables are expressed in units of domestic currency.

Qt,t+1 is the stochastic discount factor for one-period ahead nominal-payoffs relevant to

the domestic household.

Households are assumed to have access to a complete set of contingent claims, traded

internationally. That is, available financial assets completely span the relevant uncer-

tainty that the households face. Therefore, each household faces a single intertemporal

budget constraint. Since the monetary policy is specified in terms of an interest rate

rule, it is not necessary to model the money explicitly. A cashless economy is assumed

so that money does not enter into the household’s budget constraint.

The demand functions are obtained by solving the problem of optimal allocation for

each category of goods:

CH,t(j) =
(
PH,t(j)
PH,t

)−ε
CH,t (2.7)

Ci,t(j) =
(
Pi,t(j)
Pi,t

)−ε
Ci,t (2.8)

for all i, jε[0, 1], where

PH,t ≡
(∫ 1

0
PH,t(j)1−εdj

) 1
1−ε

(2.9)

is the domestic price index and

Pi,t ≡
(∫ 1

0
Pi,t(j)1−εdj

) 1
1−ε

(2.10)

is a price index for goods imported from country i for all iε[0, 1] It follows from equations

2.7 and 2.8 that: ∫ 1

0
PH,t(j)CH,t(j)dj = PH,tCH,t (2.11)

∫ 1

0
Pi,t(j)Ci,t(j)dj = Pi,tCi,t (2.12)

Furthermore, the optimal allocation of expenditures on imported goods implies

Ci,t =
(
Pi,t
PF,t

)−γ
CF,t (2.13)
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for all iε[0, 1] and where

PF,t ≡
(∫ 1

0
P 1−γ
i,t di

) 1
1−γ

(2.14)

is the price index for imported goods, also expressed in domestic currency. The above

equation implies that we can write total expenditures on imported goods as

∫ 1

0
Pi,tCi,tdi = PF,tCF,t (2.15)

Finally, the optimal allocation of expenditures between domestic and imported goods is:

CH,t = (1− α)
(
PH,t
Pt

)−η
Ct (2.16)

CF,t = α

(
PF,t
Pt

)−η
Ct (2.17)

where

Pt ≡ [(1− α)P 1−η
H,t + αP 1−η

F,t ]
1

1−η (2.18)

is the consumer price index (CPI).1 In Appendix A, I show that the price indexes for

domestic and foreign goods are equal. Thus, parameter α corresponds to the share of

domestic consumption allocated to imported goods. Therefore, α can be considered as

a natural index of openness also in this sense.

Accordingly, total consumption expenditures by domestic households are defined as

PH,tCH,t + PF,tCF,t = PtCt (2.19)

Therefore, the period budget constraint can be rewritten as:

Cσt N
ϕ
t =

Wt

Pt
(2.20)

which is the intertemporal optimality condition, and

β

(
Ct+1

Ct

)−σ ( Pt
Pt+1

)
= Qt,t+1 (2.21)

1For future reference, note that when η = 1, the CPI can be written as Pt = (PH,t)
1−α(PF,t)

α, while
the consumption index is given by Ct = 1

(1−α)(1−α)C
1−α
H,t C

α
F,t.
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The stochastic Euler equation is obtained by taking conditional expectations on both

sides of the above equation and rearranging the terms:

βRtEt

{(
Ct+1

Ct

)−σ ( Pt
Pt+1

)}
= 1 (2.22)

where Rt = 1
Et{Qt,t+1} is the gross return on a riskless one-period discount bond paying

off one unit of domestic currency in t+ 1, whereh {Qt,t+1} is the price of the bond. The

two optimality conditions 2.20 and 2.22 can be respectively written in log-linearized

form as

wt − pt = σct + ϕnt (2.23)

ct = Et{ct+1} −
1
σ

(rt − Et{πt+1} − ρ) (2.24)

where lower cases denote the logs of the respective variables, ρ ≡ β−1 − 1 is the time

discount rate, and πt ≡ pt − pt−1 is CPI inflation (with pt ≡ logPt).

2.1.1 Domestic Inflation, CPI Inflation, the Real Exchange Rate, and

the Terms of Trade

The bilateral terms of trade between the domestic economy and country i is defined

as Si,t = Pi,t
PH,t

,i.e. the price of country i’s goods in terms of home goods. Thus, the

effective terms of trade are given by:

St ≡
PF,t
PH,t

=
(∫ 1

0
S1−γ
i,t di

) 1
1−γ

(2.25)

which can be approximated by the log-linear expression up to first order:

st =
∫ 1

0
si,tdi (2.26)
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Log-linearization of the CPI formula around a symmetric steady-state satisfying the

purchasing power parity (PPP) condition PH,t = PF,t yields 2

pt = (1− α)pH,t + αpF,t

= pH,t + αst (2.27)

where st = pF,t − pH,t denotes the (log) effective terms of trade, i.e. the price of foreign

goods in terms of home goods. For future reference, note that the above equations for

st and pt hold exactly when γ = 1 and η = 1 , respectively. Domestic inflation is the

rate of change in the index of domestic goods prices:

πH,t = pH,t − pH,t−1 (2.28)

It follows that domestic inflation and CPI inflation are linked according to:

πt = πH,t + α∆st (2.29)

This equation shows that the gap between two measures of inflation are proportional

to the per cent change in terms of trade, where the coefficient of proportionality is the

parameter of openness α.

The assumption of law of one price for individual goods at all times (both for import and

export prices) implies that Pi,t(j) = ξi,tP
i
i,t(j) for all i, jε[0, 1] where ξi,t is the bilateral

nominal exchange rate (the price of country i’s currency in terms of domestic currency),

and P ii,t(j) is the price of country i’s good j expressed in the producer country’s currency.

As stated in Lane and Ganelli (2003), such producer currency pricing(PCP) implies an

active expenditure-switching role for the nominal exchange rate: If the dollar depre-

ciates, this implies a reduction in the Turkish Lira price of US exports which in turn

should raise the demand for these goods from Turkish consumers. 3

2Conditions under which PPP holds will be discussed later.
3Betts and Devereux (2000) and others used local currency pricing(LCP), in which the firms set prices

in the currency of the purchaser. In this specification, the exchange rate does not have an expenditure-
switching role. Exchange rate movements only have income affects by changing the rate at which given
foreign currency profits convert into domestic currency. As a digression, Obstfeld and Rogoff (2000)
shows that a floating exchange rate is optimal under PCP, whereas Devereux and Engel (1998) shows
that LCP reduces the gains from a floating exchange rate, since the exchange rate does not facilitate
stabilization.
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Plugging the law of one price assumption into the definition of Pi,t yields Pi,t = ξi,tP
i
i,t,

where P ii,t ≡
(∫ 1

0 P
i
i,t(j)

1−εdj
) 1

1−ε . Substituting Pi,t into the definition of PF,t and log-

linearizing around the symmetric steady-state yields

PF,t =
∫ 1

0
(ei,t + pii,t)di

= et + p∗t (2.30)

where et ≡
∫ 1
0 ei,tdi is the (log) nominal effective exchange rate, pii,t ≡

∫ 1
0 p

i
i,t(j)dj is

the (log) domestic price index for country i (expressed in terms of its currency), and

p∗t ≡
∫ 1
0 p

i
i,tdi is the (log) world price index. Observe that for the world economy there

is no difference between CPI and domestic price level.

Combining equation 2.30 with the definiton of the terms of trade yields

st = et + p∗t − pH,t (2.31)

Next, the bilateral real exchange rate with country i is defined as ϑi,t ≡ ξi,tP
i
t

Pt
, i.e. the

ratio of the two countries’ CPI’s, both expressed in domestic currency. Let qt ≡
∫ 1
0 qi,tdi

be the (log) effective real exchange rate, where qi,t ≡ logϑi,t. It follows that

qt =
∫ 1

0
(ei,t + pit − pt)di

= et + p∗t − pt

= st + pH,t − pt

= (1− α)st (2.32)

where the last equality is derived by log-linearizing Pt
PH,t

=
[
(1− α) + αS1−η

t

] 1
1−η around

a symmetric steady-state, which yields pt − pH,t = αst. This equality holds only up to

a first order approximation when η 6= 1 .

2.1.2 International Risk Sharing

Under the assumption of complete securities markets, the first order conditions of our

small open economy’s representative household must also hold for the representative
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household in any other country, say country i:

β

(
Cit+1

Cit

)−σ (
P it
P it+1

)(
εit
εit+1

)
= Qt,t+1 (2.33)

Combining equations 2.22 and 2.33 with the definition of real exchange rate yields:

Ct = νiC
i
tϑ

1
σ
i,t (2.34)

for all t, where νi is a constant which generally depends on initial conditions regarding

relative net asset positions which are assumed to be identical, i.e. we have νi = ν = 1

for all i. In Appendix A, I show that in the symmetric steady state we also have that

C = Ci = C∗ and ϑi = Si = 1, i.e. purchasing power parity holds for all i.

Taking logs on the both sides of equation 2.34 and integrating over i gives the risk

sharing condition:

ct = c∗t +
1
σ
qt

= c∗t +
(

1− α
α

)
st (2.35)

where c∗t =
∫ 1
0 c

i
tdi is the index of (log) world consumption. The second equality holds

only up to a first order approximation when η 6= 1. This relationship linking domestic

consumption with world consumption and the terms of trade is a consequence of the

assumption of complete asset markets at the international level.

2.2 Firms

2.2.1 Technology

At the supply-side of the economy, each firm produces a differentiated good with a linear

technology represented by the production function

Yt(j) = AtNt(j) (2.36)
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where at ≡ logAt follows an AR(1) process, i.e., at = ρaat−1 + εt. Hence, the real

marginal cost will be common across firms and will be given by

mcnt = −ς + wt − at (2.37)

which is expressed in domestic currency and where ς ≡ − log(1−τ). τ is the employment

subsidy, which will be discussed later for deriving an analytically tractable optimal rule.

Let Yt ≡
[∫

0 1Yt(i)1−
1
ε di
] ε
ε−1 represent an CES index for aggregate output. For future

reference, note the approximate aggregate production function relating the previous

index to aggregate employment:

Nt ≡
∫ 1

0
Nt(j)dj =

YtZt
At

(2.38)

where Zt ≡
∫
0 1Yt(j)Yt

dj. The equilibrium variations in zt ≡ logZt around the perfect

foresight steady state are of second order (See Appendix C). Thus, and up to a first

order approximation, we have

yt = nt + at (2.39)

Similarly, firms in the rest of the world are assumed to have access to an identical tech-

nology, with (log) productivity following an exogenous process a∗t = ρ∗aa
∗
t−1 + ε∗t where

{ε∗t } is white noise, possibly correlated with {εt}. An approximate aggregate relation-

ship between output and employment identical to the above equation also holds for the

world economy as a whole.

2.2.2 Price Setting

Firms set prices in a Calvo-type staggered fashion (Calvo (1983)). In this setting, a

measure 1 − θ of randomly selected firms set new prices each period. An individual

firm’s probability of reoptimizing in any given period is independent of the time it last

reset its price. The derivation of optimal price-setting strategy of a typical firm resetting
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its price in period t is given in Appendix B:

prH,t = µ+ (1− βθ)
∞∑
k=0

(βθ)kEt{mcnt+k} (2.40)

where pr denotes the (log) of resetted domestic prices, and µ ≡ log ε
ε−1 , which corre-

sponds to the log of the gross markup in the steady state (or, equivalently, the optimal

markup in the flexible economy). Firms in the rest of the world have an analogous price

setting rule. Assuming the same degree of price stickiness in the rest of the world, θ∗,

with that of the small open economy, θ, simplifies the calculations.

The firms’ price-setting decision is a forward-looking one. This is because the firms

which are adjusting prices in any given period consider that the price they set will re-

main effective for a random number of periods. As a result, they set the price as a

markup over a weighted average of expected future marginal costs. 4.

2.3 Equilibrium

2.3.1 Aggregate Demand and Output Relations

2.3.1.1 World Consumption and Output

Since the world economy consists of infinitely small open economies, a representative

small open economy has no influence on the rest of the world. This creates the only

difference between the preferences of the representative households in the world economy

and that in the small open economy: World economy’s household puts a negligible weight

on the goods imported from the small open economy. Combining the log-linearized Euler

equation with the market clearing condition y∗t = c∗t , implies:

y∗t = Et{y∗t+1} −
1
σ

(r∗t − Et{π∗t+1} − ρ) (2.41)

4In the flexible price limit (i.e., as limθ→0, the conventional markup rule prH,t = µ + mct + pH,t is
obtained.
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The previous equation, which is known as the new IS equation, differs from the tra-

ditional one since current world output depends on anticipated world output and real

interest rates. Since households want to smooth consumption, if expected future output

rises, current consumption increases, which in turn rises the current output. If expected

future interest rate increases, current consumption decreases due to intertemporal sub-

stitution of consumption, which in turn decreases the current output. Next, we derive

the IS equation for the small open economy.

2.3.1.2 Consumption and Output in the Small Open Economy

Let C∗H,t(j) denote the world demand for the domestic good j. Then, market clearing

in the small economy requires

Yt(j) = CH,t(j) + C∗H,t(j)

=
(
PH,t(j)
PH,t

)−ε [(PH,t
Pt

)−η
(1− α)Ct +

(
PH,t
εtP ∗t

)−η
α∗Y ∗t

]

=
(
PH,t(i)
PH,t

)−ε
νY ∗t

[(
PH,t
Pt

)−η
(1− α)ϑ

1
σ
t +

(
PH,t
εtP ∗t

)−η
α

]
(2.42)

for all jε[0, 1] and all t, where the second equality follows from equations 2.3, 2.4, 2.7,

and 2.8 together with the analogous expressions for the rest of the world. The third

equality is derived by using 2.34 and the condition α∗

ν = α required for a zero trade

balance in the steady state (see appendix A).

Plugging equation 2.42 into the definition of aggregate output Yt ≡
[∫ 1

0 Yt(i)
1− 1

ε di
] ε
ε−1

yields

Yt = νY ∗t S
η
t

[
(1− α)ϑ

1
σ
−η

t + α

]
(2.43)

which, up to a first order approximation, can be written in log-linearized form as:

yt = y∗t +
ωα
σ
st (2.44)

where ωα ≡ 1 + α(2 − α)(ση − 1) > 0, and where the subscript α emphasizes the

dependence of ωα on the degree of openness of the economy. Note that in the particular
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case of ση = 1 the exact log-linear relationship is obtained:

yt = y∗t + ηst (2.45)

Alternatively, using equation 2.35 to substitute out for st in equation 2.44, one can

derive an expression for domestic consumption as a weighted average of domestic and

world output, which will hold up to a first order approximation:

ct = Φαyt + (1− Φα)y
∗
t (2.46)

where Φα ≡ 1−α
ωα

> 0. Note that in the particular case of α = 0, which corresponds to

a closed economy, we have ω0 = 1, Φ0 = 1, and hence ct = yt for all t. Furthermore, in

the particular case of ση = 1, one can combine the exact relationships in equations 2.35

and 2.45 to obtain

ct = (1− α)yt + αy∗t (2.47)

Finally, combining equations 2.27, 2.45 and 2.47 with the consumer’s log-linear Euler

equation yields a difference equation for domestic output in terms of domestic real

interest rates and world output:

yt = Et{yt+1} −
ωα
σ

(rt − Et{πH,t+1} − ρ) + (ωα − 1)Et{∆y∗t+1} (2.48)

Solving the above equation forward, it is clear that the level of output in the small open

economy is negatively related to current and anticipated domestic real interest rates. It

is also related to anticipated world output growth, which in turn depends on expected

future word real interest rates, with a coefficient (ωα − 1) whose sign is positive (nega-

tive) if ση > 1(< 1).

2.3.1.3 The Trade Balance

Let nxt ≡
(

1
Y

) (
Yt − Pt

PH,t
Ct

)
denote net exports in terms of domestic output, expressed

as a fraction of steady state output Y . In the particular case of σ = η = 1, it follows

from equations 2.43 and 2.34 that PH,tYt = PtCt for all t, which means a balanced trade

at all times. More generally, a first-order approximation yields nxt ' yt − ct − αst.
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Combining this result with equations 2.44 and 2.46 implies

nxt = (1− Φα)(yt − y∗t )− αst (2.49)

=
αΛ
ωα

(yt − y∗t ) (2.50)

where Λ = (2− α)(ση − 1) + (1− σ).

Again, in the special case of σ = η = 1, nxt = 0 for all t. However, this property also

holds for any configuration of parameters such that Λ = 0 This property is an important

issue in the choice of an interest rate rule that will result in a determinate equilibrium

and will be discussed later.

2.3.2 The Supply Side: Marginal Cost and Inflation Dynamics

2.3.2.1 Marginal Cost and Inflation Dynamics in the Rest of the World

Since the model assumes a continuum of small open economies making up the world

economy, fluctuations in the small open economy do not influence the world economy.

Therefore, the dynamics of inflation in world economy corresponds to those of a closed

economy characterized by staggered price setting à la Calvo, as in Woodford (2003),

Chapter 4. Combining the optimal price setting equation in 2.40 corresponding to the

world economy with the log-linear version of the equation describing the evolution of

the aggregate price level, one can derive the difference equation:

π∗t = βEt{π∗t+1}+ λmcr∗t (2.51)

where mcr∗t ≡ mc∗t + µ denotes the (log) real marginal cost, expressed as a deviation

from its steady state value (−µ), while the slope coefficient is given by λ ≡ (1−θ)(1−βθ
θ .

Note that, under our assumptions the (log) real marginal cost is given by

mc∗t = −ς∗ + (w∗t + p∗t )− a∗t

= −ς∗ + σc∗t + ϕn∗t − a∗t

= −ς∗ + (σ + ϕ)y∗t − (1 + ϕ)a∗t (2.52)
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where ς∗ ≡ −log(1− τ∗). τ∗ denotes a constant employment subsidy whose role is dis-

cussed later.

2.3.2.2 Marginal Cost and Inflation Dynamics in the Small Open Economy

In the small open economy, the dynamics of domestic inflation in terms of real marginal

cost are described by an equation analogous to the (closed) world economy counterpart.

Hence,

πH,t = βEt{πH,t+1}+ λmcnt (2.53)

However, the determination of the real marginal cost as a function of domestic output in

the small open economy differs from that in the closed economy, due to the existence of

a wedge between output and consumption, and between domestic and consumer prices.

We indeed have

mct = −ς + qt − at − pH,t

= −ς + (wt − pt) + (pt − pH,t)− at

= −ς + σct + ϕnt + αst − at

= −ς + σy∗t + ϕyt + st − (1 + ϕ)at (2.54)

where ς ≡ −log(1 − τ), and the last equality makes use of equation 2.35. Therefore,

marginal cost is increasing in the terms of trade and world output. Both variables affect

the real wage, through the wealth effect on labor supply resulting from their impact on

domestic consumption. In addition, changes in the terms of trade have a direct effect

on the product wage, for any given real wage. The influence of technology (through its

direct effect on labor productivity) and of domestic output (through its effect on em-

ployment and, hence, the real wage) is analogous to that observed in the closed economy.

Finally, using equation 2.44 to substitute for st, one can rewrite the previous expression

for the real marginal cost in terms of domestic output, productivity and world output:

mct = −ς +
(
σ

ωα

)
yt + σ(1− 1

ωα
)y∗t − (1 + ϕ)at (2.55)
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Next, I will describe the model’s equilibrium dynamics in a canonical representation in

terms of output gap and inflation.

2.3.3 Equilibrium Dynamics: A Canonical Representation

The linearized equilibrium dynamics for the small open economy have a representation

in terms of output gap and domestic inflation analogous to that of its closed economy

counterpart. This canonical representation, provides the basis for the analysis and eval-

uation of alternative policy rules. First, define the output gap xt as the deviation of

(log) output yn, from its natural level yf , where the latter is in turn defined as the

equilibrium level of output in the flexible price equilibrium:

xt ≡ yt − ynt (2.56)

2.3.3.1 World Equilibrium Dynamics

Under flexible prices, real marginal costs (and hence markups) in the world economy

will be constant over time, and given by mc∗ ≡ −µ, the level that would yield under

flexible prices. Evaluating equation 2.52 at the flexible price equilibrium, one can derive

the natural level of output as follows:

yn∗t = Ω0 + Γ0a
∗
t (2.57)

where Ω0 ≡ ς∗−µ
σ+ϕ , and Γ0 ≡ 1+ϕ

σ+ϕ . In addition, one can derive a simple relationship

between real marginal cost (in terms of deviations from its steady state value) and the

output gap:

mcr∗t = (σ + ϕ)x∗t (2.58)

By combining the latter result with equation 2.51, the New Keynesian Phillips curve (or

NKPC for short) is derived:

π∗t = βEt{π∗t+1}+ κ0x
∗
t (2.59)
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where κ0 = λ(σ + ϕ).

The NKPC is simply a log-linear approximation about the steady-state of the aggre-

gation of the individual firm pricing decisions. In contrast to the traditional Phillips

Curve, there is no inertia or lagged dependence in inflation. Rather, inflation entirely

depends on current and anticipated economic conditions.

One can also rewrite equation 4 in terms of the world output gap:

x∗t = Et{x∗t+1} −
1
σ

(r∗t − Et{π∗t+1} − rr∗t ) (2.60)

where rr∗t ≡ −σ(1 − ρ∗a)Γ0a
∗
t + ρ is the natural (or Wicksellian) expected real rate of

interest, i.e., the one that would prevail in a flexible price equilibrium.

Equations 2.51 and 2.60, combined with a monetary policy rule determining the world in-

terest rate fully describe the equilibrium dynamics of the world inflation and output gap.

2.3.3.2 Equilibrium Dynamics for the Small Open Economy

The natural level of output in the small open economy can be found after imposing the

flexible price level of the real marginal cost, mct = −µ for all t and solving for domestic

output from equation 2.55:

yft = Ωα + Γαat + Θαy
∗
t (2.61)

where Ωα ≡ ωα(ς−µ)
σ+ωαϕ

, Γα ≡ ωα(1+ϕ)
σ+ϕωα

, and Θα ≡ σ(1−ωα)
σ+ϕωα

Equation 2.61 also shows the

relation between the output gap and the real marginal cost

mcrt =
(
σ

ωα
+ ϕ

)
xt (2.62)

which gives a NKPC for the small open economy when combined with equation 2.53

πH,t = βEt{πH,t+1}+ καxt (2.63)
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where κα ≡ λ
(
σ
ωα

+ ϕ
)

. Note that for α = 0 the slope coefficient is given by κ0 ≡

λ(σ + ϕ) and the above equation corresponds to the closed world economy NKPC. The

same is true for the ση = 1 case, which implies that ωα = 1. More generally, this shows

that the form of the Phillips equation for the small open economy corresponds to that

of the closed economy, at least as far as domestic inflation is concerned. The degree of

openness affects the dynamics of inflation only through its influence on the size of the

slope of the Phillips curve, i.e., the size of the inflation response to any given variation

in the output gap. In the open economy, a change in domestic output has an effect on

marginal cost through its impact on employment (captured by ϕ), and the terms of trade

(captured by σ
ωα

, which is a function of the degree of openness and the substitutability

between domestic and foreign goods). In particular, under the assumption that ση > 1,

an increase in openness lowers the size of the adjustment in the terms of trade necessary

to absorb a change in domestic output (relative to world output), thus dampening the

impact of the latter on marginal cost and inflation.

Using equation 2.48, one can derive a version of the new IS Equation for the open

economy in terms of the output gap:

xt = ET {xt+1} −
ωα
σ

(rt − Et{πH,t+1} − rrt) (2.64)

where

rrt ≡ ρ−
σ(1 + ϕ)(1− ρa)

σ + ϕωα
at − ϕΘαEt{∆y∗t+1} (2.65)

is the small open economy’s natural rate of interest.

The IS-type equation characterizing the small open economy’s equilibrium differs from

that of closed world economy in two respects: First, the degree of openness influences

the sensitivity of the output gap to interest rate changes. In particular, if ση > 1, an

increase in openness raises that sensitivity. Second, the natural interest rate depends on

the expected world output growth due to openness, in addition to domestic productivity.
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2.4 Simple Monetary Policy Rules for The Small Open

Economy

In this section I will describe the three alternative monetary rules for the small open

economy defined in Gali and Monacelli (2005) and examine their macroeconomic im-

plications. Under domestic inflation-based Taylor rule (DITR) the monetary authority

aims to fully stabilize domestic inflation. Similarly, under CPI inflation-based Taylor

rule (CITR) the monetary authority seeks to fully stabilize CPI inflation. Finally, the

exchange rate peg (PEG) is a policy that pegs the exchange rate to the world currency.

In all three rules, the world monetary authority is assumed to be successfully stabilizing

the world prices and output gap, i.e., x∗t = π∗t = 0 for all t. I will also examine the

assumptions which makes this the optimal policy for the closed economy.

2.4.1 Domestic Inflation-Based Taylor Rule (DITR)

In this section, the equilibrium processes for the different variables are characterized for

the small open economy under the assumption that the domestic monetary authority

pursues a domestic inflation-based Taylor rule (DITR), i.e. rt = ρ + φππH,t , which

implies:

xt = πH,t = 0 (2.66)

all t. This, in turn, implies yt = xt and rt = rrt for all t, with all the remaining variables

matching their natural level all the times.

Equation 2.61 shows that under DITR, output in the small open economy is positively

correlated with a domestic technology shock. However, output’s response to a rise in

world output is ambiguous. That response is negative if ωα > 1. If this condition

is satisfied, the real appreciation associated with a lower world interest rate results in

expenditure-switching which dominates the positive direct demand effect.

Since under DITR both domestic and the world inflation are zero, it follows that et = st,

i.e., the nominal exchange rate moves in perfect correlation with the terms of trade.
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Therefore, the nominal exchange rate inherits all the statistical properties of the terms

of trade, including its stationarity. More specifically, by combining equations 2.44, 2.57

and 2.61,the equilibrium behavior of the nominal exchange can be derived:

et =
σ

ωα
(ynt − yn∗t ) (2.67)

=
σ(1 + ϕ)
σ + ϕωα

(at − a∗t ) (2.68)

where the second equality holds up to a constant term. Thus, we see that the nominal

exchange rate varies with the productivity differential, depreciating (appreciating) in

response to a relative increase in domestic (world) productivity.

The variance of the nominal exchange rate under flexible prices will be proportional to

(σa − σa∗)2 + 2σaσa∗(1− ρa,a∗) (2.69)

where σa and σa∗ denote the standard deviation of domestic and world productivities,

relatively, and ρa,a∗ denotes their correlation. Hence, we see that the required volatility

of the nominal exchange rate under DITR is increasing with the extent of the asymmetry

in terms of the magnitude and the comovement between the two shocks.

In addition we can also derive the implied equilibrium process for the CPI level. Given

the constancy of domestic and world prices it is given by:

pt = αet (2.70)

=
ασ(1 + ϕ

σ + ϕωα
(at − a∗t ) (2.71)

where the second equality follows from equation 2.68. Therefore under DITR, the CPI

level varies with the productivity differential and inherits its statistical properties. The

same is true for the real exchange rate, which is proportional to the nominal exchange

rate, with the coefficient of proportionality being (1− α).
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2.4.2 CPI Inflation-Based Taylor Rule (CITR)

Under CITR, the monetary authority implements an interest rate rule of form rt =

ρ+ φππt. Such a policy requires

πt = 0 (2.72)

for all t.Under the assumption that the world economy pursues an optimal policy, i.e.

π∗ = 0, one can set pt = p∗t = 0 for all t without loss of generality, which implies

pH,t = −αst (2.73)

Therefore the domestic price level and the terms of trade have common dynamics. Using

the previous expression to substitute for st in equation 2.44, and plugging the resulting

equation into equation 2.55 yields

mct = − 1
α

(
1 +

ϕωα
σ

)
pH,t − (1 + ϕ)(at − a∗t ) (2.74)

By substituting the latter equality in equation 2.44, plugging the resulting equation into

equation 2.55 and combining with equation 2.53 one can derive the following stochastic

second order difference equation describing the equilibrium behavior of the domestic

price level:

γcpH,t = pH,t−1 + βEt{pH,t+1} − λ(1 + ϕ)(at − a∗t ) (2.75)

where γc ≡ 1 + β + λ
α

(
1 + ϕωα

σ

)
. Under the simplifying assumption that ρa = ρ∗a this

equation has a unique stationary representation given by

pH,t = ξcpH,t−1 − ζc(at − a∗t ) (2.76)

where ξc ≡ 1
2β

(
γc −

√
γ2
c − 4β

)
ε(0, 1), and ζc ≡ λεc(1+ϕ)

1−ξcβρa) > 0

Observe that under CITR because an increase in domestic productivity leads to a real

depreciation of the terms trade and given domestic prices to an increase in CPI inflation,

a change in relative productivity has a negative effect on the domestic prices. Therefore,

stabilization of CPI inflation requires inducing a decline in domestic prices and a smaller

real depreciation, both of which can be attained by means of a negative output gap.
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The equilibrium processes for the terms of trade, the nominal and real exchange rates

can be derived by combining equations 2.73 and 2.75, it is possible to derive. Note that

under CITR qt = et all t. In particular,

et = qt = −1− α
α

pH,t (2.77)

Thus, under CIT, the equilibrium nominal exchange rate must be stationary and, given

the evolution of the domestic price level, it must depreciate in response to a rise in pro-

ductivity. Furthermore, and in contrast with the DITR regime, both the nominal and

the real exchange rates will display some endogenous persistence, beyond that inherited

from the productivity differential.

2.4.3 Exchange Rate Peg (PEG)

Under PEG, the monetary authority in the small open economy implements et = 0 for

all t by adopting the world currency. This monetary integration equalizes the domestic

interest rate to the world interest rate. Furthermore, constancy of the nominal exchange

rate and world prices implies st = −pH,t and qt = −pt for all t.

Following the same way as in CITR targeting case, one can derive a second order differ-

ence equation for the domestic price level:

γcpH,t = pH,t−1 + βEt{pH,t+1} − λ(1 + ϕ)(at − a∗t ) (2.78)

where γc ≡ 1 + β + λ
(
1 + ϕωα

σ

)
. The unique stationary representation for pH,t in this

case is given by:

pH,t = ξepH,t−1 − ζe(at − a∗t ) (2.79)

where ξe ≡ 1
2β

(
γe −

√
γ2
e − 4β

)
ε(0, 1), and ζe ≡ λξe(1+ϕ)

1−ξeβρa > 0. The stationarity of the

domestic price level is again a direct implication of the stationarity of the terms of trade,

given the constancy of the nominal exchange rate and the world price level. Notice that

the sign and the qualitative pattern of the response of domestic prices under a PEG

is identical to the one derived for a CITR regime. It displays the same endogenous

persistence beyond that inherited from variations in the productivity differential. The

difference between the two responses arises from the fact that γe < γc, which, in turn,
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implies ξe > ξc and ζe > ζc. Therefore PEG regime leads to a stronger and more per-

sistent adjustment of domestic prices (and, hence, of the output gap) in response to a

shock in the productivity differential, relative to a CITR regime.

Furthermore, and given et = p∗t = 0 for all t, it follows that the CPI level is proportional

to the domestic price level:

pt = (1− α)pH,t (2.80)

Hence, CPI level shares the statistical properties of the domestic price level. In partic-

ular, and in contrast with a DITR regime, after a rise in the productivity differential,

CITR must fall under a PEG.

The common property between the three alternative policy rules is that they all imply

a stationary price level and nominal exchange rate, which is in contrast with the non-

stationarity of both variables observed in the data. Gali and Monacelli (2005) states

that this contrast may suggest that non of these regimes is a good proxy for the policies

pursued by actual economies.

2.5 Optimal Monetary Policy

2.5.1 Optimal Monetary Policy in the World Economy

Following Rotemberg and Woodford (1998), Gali and Monacelli (2005) assume that the

fiscal authority in the (closed) world economy fully neutralizes the distortions associ-

ated with firms’ market power by means of a constant employment subsidy τ∗. This

assumption enables the authors to show that the flexible price equilibrium allocation is

the optimal allocation in the world economy.

In order to see this, assume that the utility function of the representative household in

the small open economy takes the form of:

U(Ct, Nt) = U(Ct)− V (Nt) (2.81)
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Then, the optimal allocation must maximize U(C∗t )−V (N∗t ) subject to C∗t = A∗tN
∗
t , for

all t. The associated first order condition is given by V ′(N∗t ) = U ′(C∗t )A∗t .

On the other hand, the flexible price equilibrium satisfies:

1− 1
ε

= MC∗t

=
(1− τ∗)
A∗t

V ′(Nt∗)
U ′(C∗t )

(2.82)

Hence, by setting τ∗ = 1
ε (or, equivalently, ν∗ = µ) the world policymaker guarantees

the optimality of the flexible price equilibrium allocation. In such an environment, the

optimal monetary policy is the one that succeeds in maintaining the output at its nat-

ural level and fully stabilizing prices, i.e. x∗t = π∗t = 0 at t = 0.

Given 2.60, one can derive an expression for the interest rate that supports the optimal

allocation in the world economy:

r∗t = rr∗t

= ρ− σ(1− ρ∗a) (2.83)

In order to interpret equation 2.83 as an optimal rule, one could add an extra term such

asϕππ∗t with ϕπ > 1, which could eliminate the indeterminacy that would otherwise be

associated with an interest rate that depends on exogenous variables only. Woodford

(2003) states that such a term will be zero in equilibrium.

2.5.2 Optimal Monetary Policy in the Small Open Economy: A Special

Case

Corsetti and Pesenti (2001) states that in an open economy the possibility of influencing

the terms of trade in a way beneficial to domestic consumer is an additional factor to

market power that distorts the incentives of the monetary authority. This possibility

is a consequence of the imperfect substitutability between domestic and foreign goods,

combined with sticky prices, which renders monetary policy non-neutral.
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Gali and Monacelli (2005) assume the presence of an employment subsidy that exactly

offsets the combined effects of market power and the terms of trade distortions in the

steady state. This assumption rules out the existence of an average inflation (deflation)

bias, and allows the authors to focus on the policies consistent with a zero average in-

flation, in a way analogous to the world economy.

In order to characterize the optimal allocation, one need to solve the social planner’s

problem who faces the resource constraints of the small open economy in equilibrium,

which is:

maxU(Ct)− V (Nt) (2.84)

subject to

Ct = f(Yt, Y ∗t ) (2.85)

The resource constraint includes the risk sharing condition 2.35 and the equilibrium rela-

tionship between the terms of trade, and domestic and foreign output given in equation

2.43, and takes the world output as given.

The social planner’s problem is solved as:

V ′(Nt)Nt = (1− α)U ′(Ct)Ct (2.86)

The derivation of a tractable, analytical solution is possible in the special case of σ =

η = 1. As shown above, in this special case, the exact relationship between the domestic

consumption, and domestic and foreign output levels is given by Ct = Y
(1−α)
t (ϑY ∗t )α.

Under this preferences, the optimal allocation implies a constant employment:

N = (1− α)(
1

1+ϕ
) (2.87)

On the other hand, the flexible price equilibrium in the small open economy satisfies:

1− 1
ε

= MCt

=
1− τ
At

(
Yt
ϑY ∗t

)α C ′(Nt)
U ′(Ct)

= (1− τ)N1+ϕ
t (2.88)
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Therefore, the social planner can guarantee the optimal flexible price equilibrium allo-

cation by setting τ such that (1− τ)(1− α) = 1− 1
ε or, equivalently ν = µ+ log(1− α)

is satisfied. As in the closed economy case, the optimal monetary policy requires stabi-

lizing the output gap (i.e., xt = 0 for all t),which implies that domestic prices are also

stabilized under optimal policy (i.e., πH,t = 0 for all t). Thus, in the special case under

consideration, domestic inflation targeting is indeed the optimal policy.

2.5.3 A Numerical Analysis: Dynamic Effects of a Domestic Produc-

tivity Shock

In this section, I present the quantitative results based on a calibrated version of the

model in Gali and Monacelli (2005) which I replicated using Dynare.

The main assumptions underlying the calibration are σ = η = γ = 1, as consistent with

the special case given above. Other parameters are assumed as follows: ϕ = 3, which

implies a labor supply elasticity of 1/3. µ = 1.2 for the steady-state mark-up, which

implies that ε, the elasticity of substitution between differentiated goods of the same

origin is 6. θ = 0.75, which is consistent with an average period of one year between

price adjustments. β = 0.99, which implies a riskless annual return of about %4 in the

steady state. α = 0.4, which is the import/GDP ratio for Canada, which the authors

take as a prototype small open economy. In the calibration of the interest rate rules the

original Taylor estimate is followed by setting φπ = 1.5, while ρ = (0.99)−1 − 1.

In order to calibrate the stochastic properties of the exogenous driving forces, Gali

and Monacelli (2005) fit AR(1) processes to log labor productivity in Canada, which is

their proxy for domestic productivity and log U.S. GDP as a proxy for world output,

using quarterly, HP-filtered data over the sample period 1963:1-2002:4. They obtain the

following estimates:

at = 0.66 at−1 + εat , σa = 0.0071

(0.06) (2.89)
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y∗t = 0.66 y∗t−1 + ε∗t , σy∗ = 0.0078

(0.04) (2.90)

with (εat , ε
∗
t ) = 0.3.

2.5.3.1 Impulse Responses

Figures 1 - 4 gives the impulse responses to a unit innovation in at under DITR, CITR,

optimal and PEG regimes, respectively. By construction, under the optimal policy

regime, domestic inflation and the output gap remains unchanged. In addition, the

shock leads to a persistent reduction in the domestic interest rate as it is needed in or-

der to support the transitory expansion in consumption and output consistent with the

flexible price equilibrium allocation. Since the world nominal interest rates are constant,

the UIP condition implies an initial nominal depreciation followed by the expectations of

a future appreciation, as reflected in the response of the nominal exchange rate. Relative

to all other regimes, the constancy of domestic prices accounts for a larger real depre-

ciation and therefore for a further expansion in demand and output through a rise in

net exports. Given constant world prices and the stationarity of the terms of trade, the

constancy of domestic prices implies a mean-reverting response of the nominal exchange

rate.

In contrast to the optimal policy, both CITR and DITR regimes generate a permanent

fall in both domestic and CPI prices. Behavior of the terms of trade is the most impor-

tant difference between the two regimes: Under CITR the initial response of the terms

of trade is more muted, and is followed by a hump-shaped pattern.

Finally, Under PEG regime, the response of output gap and inflation are qualitatively

similar to the CITR case. However, since the domestic currency cannot depreciate to

support the expansion in consumption and output of the flexible price allocation terms

of trade has only a small fluctuation, which causes an amplification of the responses of

the domestic inflation and the output gap.
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As discussed below, the different dynamics of the terms of trade are unambiguously

associated with a welfare loss, relative to the optimal policy.

2.6 The Welfare Costs of Alternative Simple Rules

2.6.1 The Welfare Loss Function

In this section I present the second order approximation of representative consumer’s

utility about the flexible price equilibrium allocation. Starting with the general case, I

show the final results for the special case σ = η = 1, for which there exists an analyti-

cally tractable solution for the optimal monetary policy as discussed above.

Below, I make frequent use of the following second order approximation of percent de-

viations in terms of log deviations.

Yt − Y
Y

= yt +
1
2
y2
t + u(||a||3) (2.91)

where u(||a||)3 represents terms that are of third or higher order, in the bound ||a|| on

the amplitude of the relevant shocks.

The approximation of U(CT ) = logCt about the flexible price equilibrium yields:

U(Ct) = ct + cgt + u(||a||3)

= ct + (1− α)ygt + u(||a||3) (2.92)

where the upper script g indicates the growth rate of the relevant variable.

Similarly, letting V (Nt) ≡ V (Nt) yields

V (Nt) = Vt + V ′tNt

(
ngt +

1
2

(1 + ϕ)(ngt )
2

)
+ u(||a||3) (2.93)
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Next, the previous expression should be written in terms of the output gap. Using the

fact that Nt =
(
Yt
At

) ∫ 1
0

(
PH,t(i)
PH,t

)−ε
di, we have:

ngt = ygt + zt (2.94)

where zt ≡ log
∫ 1
0

(
PH,t(i)
PH,t

)−ε
di

The following lemma shows that zt is proportional to the cross-sectional distribution of

relative prices, hence, of second order:

Lemma 1: zt = ε
2vari {pH,t(i)}+ u(||a||3).

Proof: Let pdH,t(i). Notice that

(
PH,t(i)

PH,t

)1−ε
= exp[(1− ε)pdH,t(i)]

= 1 + (1− ε)pdH,t(i) +
(1− ε)2

2
(pdH,t)

2 + u(||a||3) (2.95)

Furthermore, from the definition of PH,t, we have 1 =
∫ 1
0

(
PH,t(i)
PH,t

)1−ε
di. Hence, it

follows that

Ei{pdH,t(i)} =
ε− 1

2
Ei{(pH,t(i))2} (2.96)

In addition, a second order approximation to
(
PH,t(i)
PH,t

)−ε
yields:

(
PH,t(i)
PH,t

)−ε
= 1− εpdH,t(i) +

ε2

2
(pdH,t(i))

2 + u(||a||3) (2.97)

Combining the previous results, it follows that:

∫ 1

0

(
PH,t(i)
PH,t

)−ε
di = 1 +

ε

2
Ei({pdH,t(i))2}

= 1 +
ε

2
vari{pH,t(i)} (2.98)

from which follows that zt = ε
2vari{pH,t(i)}+ u(||a||3)

Therefore, the second order approximation to the disutility of the labor can be rewritten

as:

V (Nt) = Vt + V ′tNt

[
(ygt ) + zt +

1
2

(1 + ϕ)(ygt )2
]

4u(||a||3) (2.99)
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Under the optimal subsidy scheme assumed, the optimality condition V ′tNt = (1 − α)

holds for all t, allowing us to rewrite the period utility as:

U(Ct)− V (Nt) = −(1− α)
[
zt +

1
2

(1 + ϕ)(ygt )2
]

+ t.i.p.+ u(||a||3) (2.100)

where t.i.p. denotes terms independent of policy.

Lemma 2:
∑∞

t=0 β
tvari{pH,t(i)} = 1

λΣ∞t=0β
tπ2
H,t, where λ = (1−θ)(1−θβ)

θ .

The proof is given in Woodford (2003).

Collecting all the previous results, we can write the second order approximation to the

small open economy’s consumer’s utility function as follows

W = −(1− α)
2

∞∑
T=0

βt
[ ε
λ
π2
H,t + (1 + ϕ)(ygt )2

]
+ t.i.p.+ u(||a||3) (2.101)

which is expressed as a fraction of steady-state consumption.

Taking unconditional expectation of 2.101 and letting β → 1, the expected welfare losses

of any policy that deviated from strict inflation targeting can be written in terms of the

variances of inflation and the output gap:

V =
(1− α)

2

[ ε
λ
var(πH,t) + (1 + ϕ)var(ygt )

]
(2.102)

2.6.2 Second Moments and Welfare Losses

In order to complement the quantitative analysis, Gali and Monacelli (2005) reports

business cycle properties of several key variables under alternative policy regimes. I

present their results in Tables 1− 5, which I replicated using Dynare. The numbers con-

firm that the critical element that distinguishes each simple rule relative to the optimal

policy is the excess smoothness of both the terms of trade and the (first differenced)

nominal exchange rate. 5. This is also reflected in the too high volatility of the output

gap and the domestic inflation under the simple rules. In particular, under PEG regime
5The statistics are reported for the nominal depreciation rate, as opposed to the level, given that

both DITR and CITR imply a unit root in the nominal exchange rate
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both output gap and inflation volatility is amplified to the largest extent, with the CITR

regime lying somewhere in between. In addition, the terms of trade are more stable un-

der PEG regime than under any other policy regime. That finding, which is consistent

with the evidence of Mussa (1986), points to the existence of excess smoothness in real

exchange rates under fixed exchange rates. That feature is a consequence of the inability

of prices (which are sticky) to compensate for the constancy of the nominal exchange

rate6

In Tables 1-4, I report the welfare losses associated with the three simple rules DITR,

CITR, and PEG. Table 1 reports welfare losses in the case of the benchmark parametriza-

tion. Table 2 shows the results by decreasing the steady-state mark-up to 1.1 by setting

ε = 11. This implies a larger penalization of inflation variability in the loss function.

In Table 3, I show the results by decreasing the elasticity of labor supply to 0.1. This

implies a larger penalization of output gap variability. Finally, in Table 4 I report the

results with lowered effects of both the steady-state mark-up and the elasticity of labor

supply compared to the benchmark case. Under this parametrization, the PEG regime

leads to non-trivial welfare losses relative to the optimum.

All entries must be read as percentage units of steady-state consumption, and in devia-

tion from the first-best represented by DITR.

Under the benchmark parametrization, all rules are suboptimal since they involve non-

trivial deviations from full domestic price stability. Another prominent result is that in

each case an exchange rate peg implies a substantially larger deviation from the first

best than DITR and CITR. However the implied welfare losses are quantitatively small

for all policy regimes.

Lowering the elasticity of labor has a general effect of generating a substantial magni-

fication of the welfare losses relative to the benchmark case. When both the mark-up

and the elasticity of labor supply is lowered simultaneously, this loss gets larger. In the
6Monacelli (2004) gives a more detailed analysis of the implications of fixed exchange rates. He finds

that with complete exchange rate pass through, their results are consistent with Mussa (1986) finding
that industrial countries moving from fixed to floating exchange rate regimes experience dramatic rises
in the variability of the real exchange rate.
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latter case, the PEG regime leads to non-trivial welfare losses relative to the optimum.

Another interesting result is that under all scenarios considered here the two stylized

Taylor rules, DITR and CITR, imply very similar welfare losses. Gali and Monacelli

(2005) emphasizes that while this points to a substantial irrelevance in the specification

of the inflation index in the monetary authority’s interest-rate rule, the same result

may once again be sensitive to the assumption of complete exchange rate pass-through

specified in our context. In the context of a different model, with both tradable and

non-tradable goods and capital accumulation, Schmitt-Grohé and Uribe (2001) points

out that the welfare ranking between domestic and CPI targeting may be sensitive to

the specification of other distortions in the economy, for instance, the adoption of a

transaction role for money.
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A Small Open Economy VAR

In this section, I estimate a seven-variable VAR system to model the interactions between

the Euro area and Turkish economies. The EU and Turkey are linked by a Customs

Union Agreement, which aims promoting trade and economic relations. Turkey and the

EU has deep trade relationships. Indeed, the EU ranks by far as number one in both

Turkey’s imports and exports while Turkey ranks 7th in the EU’s top import and 5th

in export markets1, which provides me the motivation to assess and compare the Euro

zone and the Turkish shocks on Turkish economy.

The VAR model I estimate can be thought of as the reduced form of the structural forms

of the open economy New Keynesian models. The choice variables for this empirical

exercise is consistent with Svensson (2000), Giordani (2004b), Gali and Monacelli (2005)

and Gaĺı and Gertler (2007), among others.

3.1 Theoretical Motivation

Basing on the model of Gali and Monacelli (2005) which I presented in Chapter 2, the

equations characterizing a small open economy such as Turkey can be summarized as

follows:
1The statistics are take from European Commission’s official website

http://ec.europa.eu/trade/creating-opportunities/bilateral-relations/countries/turkey/

41
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• A partially forward-looking New Keynesian Phillips Curve (NKPC)

π∗t+1 = αππt + (1− απ)Et{πt+2}+ αxxt+1 + αq(qt − qt−1) + εAPt+1 (3.1)

where πt denotes inflation, xt is output gap defined as xt = yt − yNt , yt is log real

GDP and yNt is the log real potential output, qt is the log of real exchange rate

and εCPt ∼ nid(0, σ2
CP ) is a cost-push shock. The coefficients are assumed to be

non-negative.

• An IS/AD equation

xt+1 = βxxt + (1− βx)Et{xt+2} − βr(rt −Et{πt+1}+ βx∗x
∗
t+1 + βqEt{qt+1}+ εADt+1

(3.2)

where rt is the short-term interest rate and x∗t is the foreign output gap and

εAD ∼ nid(0, σ2
AD) is representing the aggregate demand shock. All coefficients

are expected to be positive.

• An uncovered interest parity (UIP) condition

(rt − Et{πt+1})− (r∗t − Et{π∗t+1}) = Et{qt+1} − qt (3.3)

where π∗t denotes foreign inflation rate.

• An equation characterizing the monetary policy as a Taylor-type policy rule:

rt+1 = ρrrt+(1−ρr)(γxxt+1+γππt+1+γr∗r∗t+1+γx∗x∗t+1+γπ∗π∗t+1)+εMt+1P (3.4)

As in general in New Keynesian open economy models, it is assumed that the small

open economy has no direct influence on the closed world economy. Differing in this

assumption compared to the small open economy, the equations characterizing the rest

of the world as a closed economy can be summarized as follows:

• A New Keynesian Phillips Curve (NKPC)

π∗t+1 = α∗ππ
∗
t + (1− α∗π)Et{π∗t+2}+ α∗xx

∗
t+1 + εCP

∗
t+1 (3.5)
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• An IS/AD equation

x∗t+1 = β∗xx
∗
t + (1− β∗x)Et{x∗t+2} − β∗r (r∗t − Et{π∗t+1}) + εAD

∗
t+1 (3.6)

• An equation characterizing the monetary policy as a Taylor-type policy rule:

r∗t+1 = ρ∗rr
∗
t + (1− ρ∗r)(γ∗xx∗t+1 + γ∗ππt+1) + εMP ∗

t+1 (3.7)

where r∗t denotes foreign short-term interest rate as the tool for monetary policy.

As pointed in Horvath and Rusnák (2009), the VAR model I estimate can be thought of

as a reduced form of the New Keynesian model of Gali and Monacelli (2005). Therefore,

the variables I include in the model are output gap, aggregate price level, interest rate

and their foreign counterparts, plus the bilateral nominal exchange rate.

3.2 A Small Open Economy VAR

In this section, I present a seven variable VAR system to model the interactions between

the Euro area and Turkish economies. Sims et al. (1990) claims that when it appears

likely that the data are integrated, transforming the models to stationary form by dif-

ference or cointegrating operators is often unnecessary. Following Sims et al. (1990), I

estimate the VAR model in levels for the following reasons. As stated in Horvath and

Rusnák (2009), first, it is sometimes difficult in small samples to determine whether a

cointegrating relationship is present. Second, imposing the cointegrating restriction in-

appropriately could possibly lead to incorrect inference. Following Horvath and Rusnák

(2009), I begin by assuming that the economy is described by a structural form equation,

which is of linear, stochastic dynamic form:

A(L)y(t) = ε(t) (3.8)

where A(L) is an kxk matrix polynomial in the log operator (with non-negative powers),

y(t) is an kx1 vector of observations, and ε(t) is a kx1 vector of structural disturbances

which are assumed to be mutually uncorrelated. This assumption requires ε(t) to be
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serially uncorrelated and var(ε(t)) = Λ where Λ is a diagonal matrix with diagonal

elements being the variances of structural disturbances.

Next, I divide the model into the Euro area and Turkey blocks by rewriting the matrices

A(L), y(t) and ε(t) as:

A(L) =

A11(L) A12(L)

A21(L) A22(L)

 (3.9)

y(t) =

y1(t)

y2(t)

 (3.10)

y(t) =

ε1(t)

ε2(t)

 (3.11)

The model contains k1 domestic variables in Turkish economy vector y1(t) and k2 Euro

area variables in the Euro area vector y2(t), which are exogenous to the small open

economy. Therefore, Aij(L) is a kixkj matrix, whereas εi(t) and yi(t) are kix1 matrices.

The vector of Turkish variables consists of output gap (xTRt ), consumer price level

(pTRt ), the short-term interest rate as monetary policy tool (rTRt ) and the exchange

rate (eTRL/EUt ):

y1(t)′ = (xTRt pTRt rTRt e
TRL/EU
t ) (3.12)

Basing on the model in Gali and Monacelli (2005), the monetary authority in the closed

world economy is assumed to be successful at fully stabilizing its inflation and output

gap. Therefore, the closed economy is at its natural output level. Hence, the vector of

foreign variables consists of the Euro area real GDP (yEt U), Euro area aggregate price

level pEt U) and the Euro area short term interest rate (rEt U):

y2(t)′ = (xEUt pEUt rEUt ) (3.13)

where all variables except for the output gap and the interest rate are in log levels.

As stated before, since Turkey is being modeled as a small open economy, Turkish shocks

are unlikely to have significant effect on the Euro area economy. Accordingly, the re-

striction A21(L) = 0 is appropriate. Cushman and Zha (1997)) and Zha (1999) also

utilized this block exogeneity restriction in their studies of small open economies .
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In order to be able to carry out the estimation, I consider the corresponding reduced

form following Horvath and Rusnák (2009):

y(t) = B(L)y(t− 1) + u(t) (3.14)

where B(L) is a polynomial matrix in the lag operator and var(u(t)) = Σ. The structural

innovations are recovered as follows: Rewrite the matrix A(L) as A(L) = A0 + A0(L),

where A0 is the coefficient matrix on L0 in A(L) which shows the contemporaneous co-

efficient matrix in the structural form. A0(L) is the coefficient matrix in A(L) without

the contemporaneous coefficient A0. Also, the structural equation can be rewritten as

A0y(t)+A0(L)y(t) = ε(t). Premultiplying the structural equation by A−0 1 and rearrang-

ing the variables yields y(t) = −A−0 1A0(L)y(t) + A−0 1ε(t). Therefore, the relationship

between the reduced form residuals and the structural shocks is given by u(t) = A−0 1ε(t).

Compared to the structural form, there are less parameters estimated in the reduced

form VAR. In order to solve this identification problem, I need to impose n(n − 1)/2

restrictions. Following Horvath and Rusnák (2009), I obtain identification by Choleski

recursive scheme. In this scheme, matrix A−0 1 is a lower triangular.

Following Mojon and Peersman (2001), the variables in each block are ordered as follows:

output gap, price level, interest rate. I add the exchange rate only for Turkish block.

Therefore, the recursive scheme is:



u1
t

u2
t

u3
t

u4
t

u5
t

u6
t

u7
t


=



1 0 0 0 0 0 0

d21 1 0 0 0 0 0

d31 d32 1 0 0 0 0

d41 d42 d43 1 0 0 0

d51 d52 d53 d54 1 0 0

d61 d62 d63 d64 d65 1 0

d71 d72 d73 d74 d75 d76 1





ε
x(EU)
t

ε
p(EU)
t

ε
i(EU)
t

ε
x(TR)
t

ε
p(TR)
t

ε
i(TR)
t

ε
e(TR/EU)
t


(3.15)

The third and the sixth equations can be viewed as the reaction functions of the Eu-

ropean Central Bank (ECB) and the Central Bank of the Republic of Turkey (CBRT),

respectively. Therefore, these equations can be interpreted as the monetary policy shocks
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of the corresponding bloc. By inspection of the sixth equation, one sees that the CBRT

reacts to domestic and Euro area output and prices and the ECB interest rate. In this

baseline specification, contemporaneous exchange rate is missing in the reaction function

of the CBRT. However, as stated in Calvo and Reinhart (2002), the monetary authorities

in open economies are often very sensitive to exchange rate developments. Therefore,

this issue must be addressed in the future.

3.3 Data Description

I use the quarterly data for Turkish seasonally adjusted real GDP, Turkish consumer

price index (CPI), the CBRT interest rate, TRL/EUR exchange rate, Euro zone season-

ally adjusted real GDP, consumer price level and the ECB interest rate from quarter 1,

2002 to quarter 2, 2010 (34 observations). The Euro area came into force in 1st January

1999 when Euro was introduced and the ECB took the responsibility for the monetary

policy of the member states. However, the sample begins in 2002, since Turkey adopted

the floating exchange rate regime in 22nd February 2001 and the CBRT became inde-

pendent, announcing the price stability as the main goal of the monetary policy in 2002.

The source of the datas for Turkish real GDP and CPI, the CBRT interest rate and the

TRL/EUR exchange rate is the CBRT Electronic Data Delivery System (EDDS). The

output gap, which is defined as the difference between seasonally adjusted real GDP and

potential output, is estimated by the Hodrick-Prescott filter with a smoothing param-

eter of 1600. I used the quarterly average of interbank money market overnight simple

interest rates as the indicator of the CBRT’s monetary policy.

The datas for Euro zone are seasonally adjusted real GDP, Euro area harmonized index

of consumer prices (HICP) and the ECB 3-month money market interest rate, which

are downloaded from Eurostat.
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3.4 Results

In this section I will interpret the results of the VAR analysis. In Appendix F, I present

the impulse responses assessing the magnitude and the persistence of the reaction to

the domestic and foreign monetary shocks. In Appendix G, I present the variance de-

composition of the domestic variables in order to make a comparison of the magnitude

and the importance between domestic and foreign shocks. As suggested by the Schwarz

information criterion, I set the lag to 1 in my VAR model.

Figure 5 reports the estimates on the response of domestic monetary policy shock. Af-

ter a domestic monetary policy shock of one standard deviation, the response of prices,

output gap and the exchange rate seems to be insignificant. This is interesting since it

implies that Turkish monetary policy does not play an important role for the domestic

output, price and exchange rate developments.

Figure 6 reports the estimates on the effect of a Euro area monetary policy shock. The

responses of Turkish price level, interest rate and the exchange rate seems to be in-

significant to a Euro area monetary policy shock of one standard deviation. This means

that the Turkish monetary authority is not reacting to the ECB monetary tightening

extensively. Also, ECB monetary policy plays a little role for the Turkish price level.

However, the Turkish output gap seems to respond to the ECB monetary shock quite

extensively. This positive response remains significant for ten quarters following the

shock. Since the exchange rate is not affected by the shock, the positive response of

Turkish output is not likely to reflect an increase in net exports. One possible explana-

tion may be the integration of the Euro area and the Turkish financial sectors. After an

ECB montary shock, since Turkish interest rates are higher than the ECB interest rates,

the Euro area banks may invest their liabilities in Turkish banks, which, in turn, eases

the access to borrowing in the Turkish financial market, and end up boosting domestic

consumption and investment. Nevertheless, the estimates are surrounded by a certain

degree of uncertainty.
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In Table 6, I report the results on the variance decomposition of the Turkish price level.

The results show that the role of external shocks increases as a source of price fluctua-

tions over time, however the domestic shocks remain the dominant source of the variance

in the price level. Interestingly, after 4 years, %11 of the Turkish price level variations

can be attributed to the Euro area monetary policy disturbances. This result contrasts

when compared with the importance of domestic monetary policy shock, which accounts

only for %1 of the fluctuations in the price level. My results are generally consistent

with Giordani (2004b) which estimates that %40 of variation in Canadian price level is

due to foreign (U.S.) shocks in the long term.

Table 7 presents my results on the variance decomposition of Turkish output gap. Inter-

estingly, most of the variance of the Turkish output gap is driven by the foreign shocks.

Initially, %83 of the variation of domestic output is attributable to foreign shocks, where

%16 of total variation is due to ECB monetary tightening. In the long run, the share of

domestic shocks rises to %30, where only %3 of the variance is due to domestic monetary

shock. Surprisingly, ECB monetary shock is a major factor in the variations of the Turk-

ish output gap, which comprises %50 of the total variation after 9 quarters. As I stated

earlier, this may be due to the increase in foreign exchange in the Turkish economy,

as a result of financial integration between the Turkish and Euro area economies.This

result is consistent with Giordani (2004b), who finds that approximately %70 of the

fluctuations in Canadian output are due to foreign shocks in the long run. Similarly,

the corresponding estimates of Cushman and Zha (1997) is %75. Also, Del Negro and

Obiols-Homs (2001) finds that %75 − 85 of the variance in the Mexican output is due

to external shocks. However, my results are inconsistent with Mackowiak (2006a) who

finds that the external shocks explain %30 of long run variation in economic activity for

Czech Republic and Poland and only %13 for Hungary. Their finding may support my

explanation since the interest rate levels is much lower in Poland and Hungary, com-

pared to Turkey.

Table 8 reports my results on the variance decomposition of Turkish interest rate. I

find that the most of the variance is explained by domestic factors initially, whereas the

effect of the foreign shocks rises to %64 in the long run. This is in lie with most of

the empirical evidence on other emerging economies. Mackowiak (2007) finds that the
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contribution of external shocks rises in the long run for Malaysia, Philippines, Singapore

and Mexico. However the same study finds thatthe contribution of the external shocks

are decreasing for Chile, Hongkong and Korea over time.

As pointed earlier, another interesting result is that the ECB monetary shock has no

significant effect on Turkish interest rates, only %1 of the variation in Turkish interest

rate is attributable to the monetary tightening of the ECB.

Finally, Table 9 gives my results on the variance decomposition of the exchange rate.

I find that external shocks explain only %7 of the variation in the exchange rate and

this share does not significantly increase in the long-run. Exchange rate variations are

mainly driven by the domestic factors. Surprisingly, both Turkish and Euro area mon-

etary authorities do not seem to have a significant role in exchange rate developments.

However, ECB monetary shocks has a bigger impact compared to the domestic ones.



Chapter 4

Summary and Concluding

Remarks

In this thesis, I explained the model in Gali and Monacelli (2005) and reported their

numerical results, which I replicated using Dynare. Additionally, following Horvath and

Rusnák (2009) I estimated a seven variable VAR Model which can be thought of as

the reduced form of a class of open economy New Keynesian models such as Svensson

(2000), Giordani (2004a), Gali and Monacelli (2005) and Gaĺı and Gertler (2007). In

this empirical analysis, I focused on the interactions between Turkey and the Euro area,

utilizing the block exogeneity restriction by assuming that the Turkish variables do not

have a direct effect on the Euro area.

Gali and Monacelli (2005) develops an analytically tractable optimizing model of a small

open economy with Calvo-type staggered price setting. The equilibrium dynamics of this

model have a canonical representation in terms of the domestic inflation and the output

gap which is analogous to that of its closed economy counterpart presented in Woodford

(2003). However, there are two differences. First, in small open economy’s canonical

representation some equilibrium coefficients depend on the degree of openness and the

substitutability across goods produced in different countries. Second, In the small open

economy, the natural levels of output and interest rate generally depends on the foreign

disturbances, whereas the small open economy has no direct influence on the closed

50
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world economy.

After a specific parameterization, the paper derives the welfare loss function by a sec-

ond order approximation to the utility of the representative household in the small open

economy. Next, four different monetary policy rules are assessed in terms of their welfare

ranking. The numerical analysis shows that there is a trade-off between the stabilization

of both the nominal exchange rate and the terms of trade, on the one hand, and the

stabilization of domestic inflation and the output gap on the other hand.

My findings from the estimated VAR model is consistent with Giordani (2004b). I find

that the domestic shocks are the dominant sources of variability of Turkish inflation,

whereas most of the variance of the Turkish output is attributable to foreign shocks. In

particular, the results show that the ECB monetary shock has a significant effect only

on output gap among the Turkish variables, which lasts for 10 quarters after the shock.

I suggest that one possible explanation of this relationship may be the integration of

the Euro area and the Turkish financial markets. Since Turkish interest rates are much

higher than the ECB interest rates, when ECB implements a monetary tightening, the

European banks may invest their increased liabilities in the Turkish financial market

which, in turn, would rise the available credits in the Turkish financial market, end-

ing up in a boost of domestic consumption and investment levels. Finally, I find that

the Turkish interest rate and the TRY/EUR exchange rate are mainly driven by the

domestic factors.
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Leitemo, K. and U. Söderström (2005). Simple monetary policy rules and exchange rate
uncertainty. Journal of International Money and Finance 24 (3), 481–507.

Lubik, T. and F. Schorfheide (2007). Do central banks respond to exchange rate move-
ments? A structural investigation. Journal of Monetary Economics 54 (4), 1069–1087.

Mackowiak, B. (2006a). How Much of the Macroeconomic Variation in Eastern Europe
is Attributable to External Shocks? Comparative Economic Studies 48 (3), 523–544.

Mackowiak, B. (2006b). What does the Bank of Japan do to East Asia? Journal of
International Economics 70 (1), 253–270.

Mackowiak, B. (2007). External shocks, US monetary policy and macroeconomic fluc-
tuations in emerging markets. Journal of Monetary Economics 54 (8), 2512–2520.

Mojon, B. and G. Peersman (2001). A VAR description of the effects of monetary policy
in the individual countries of the Euro area. Working Paper Series.

Monacelli, T. (2004). Into the Mussa puzzle: monetary policy regimes and the real
exchange rate in a small open economy. Journal of International Economics 62 (1),
191–217.

Monacelli, T. (2006). Monetary policy in a low pass-through environment. Journal of
Money, Credit, and Banking 37 (6), 1047–1066.

Muscatelli, V., P. Tirelli, and C. Trecroci (2004). Fiscal and monetary policy interac-
tions: Empirical evidence and optimal policy using a structural New-Keynesian model.
Journal of Macroeconomics 26 (2), 257–280.

Mussa, M. (1986). Nominal exchange rate regimes and the behavior of real exchange
rates: Evidence and implications. In Carnegie-Rochester Conference Series on Public
Policy, Volume 25, pp. 117–214.

Obstfeld, M. and K. Rogoff (1995). Exchange rate dynamics redux. Journal of Political
Economy 103 (3), 624–660.

Obstfeld, M. and K. Rogoff (2000). New directions for stochastic open economy models.
Journal of International Economics 50 (1), 117–153.

Rotemberg, J. and M. Woodford (1998). Interest-rate rules in an estimated sticky price
model. NBER working paper .

Sarno, L. (2001). Toward a new paradigm in open economy modeling: Where do we
stand? REVIEW-FEDERAL RESERVE BANK OF SAINT LOUIS 83 (3), 21–36.
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A. The Perfect Foresight Steady

State

In order to show how the home economy’s terms of trade are uniquely pinned down in
the perfect foresight steady state, Gali and Monacelli (2005) invoke symmetry among
all countries other than the home country, and then show how the terms of trade and
output in the home economy are determined. Without loss of generality, we assume a
unit value for productivity in all foreign countries, and a productivity level A in the
home economy. As shown below, in the symmetric case (when A = 1) the terms of trade
for the home economy must necessarily be equal to unity in the steady state, whereas
output in the home economy coincides with that in the rest of the world.

First, the goods market condition, when evaluated in the steady state, implies:

Y = (1− α)
(
PH
P

)−η
C + α

∫ 1

0

(
PH
ξiP iF

)−η
Cidi

=
(
PH
P

)−η [
(1− α)C + α

∫ 1

0

(
ξiP

i
F

PH

)γ−η
QηiC

idi

]

= h(S)ηC
[
(1− α) + α
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0
(SiSi)(γ − η)Q

η− 1
σ

i di

]
= h(S)ηC

[
(1− α) + αSγ−ηq(S)η−

1
σ

]
(1)

where we have made use of the international risk sharing condition, i.e., Ct = ϑiC
i
tQ

1
σ
i,t

and the relationship:

P

PH
=

[
(1− α) + α
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(Si)(1− η)di

] 1
1−η

=
[
(1− α) + α(S)1−η

] 1
1−η

≡ h(S) (2)
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and we have made the substitution Q = S
h(S) ≡ q(S). Note that q(S) is strictly increas-

ing in S.

Under the assumptions above, the international risk condition implies that the relation-
ship

C = C∗Q
1
σ

= C∗q(S)
1
σ (3)

must also hold in the steady state.

Hence, combining the two relations above, and imposing the world market clearing
condition C∗ = Y ∗, we obtain

Y =
[
(1− α)h(S)ηq(S)

1
σ + αSγ−ηh(S)ηq(S)η

]
Y ∗

=
[
(1− α)h(S)ηq(S)

1
σ + αh(S)γq(S)γ

]
Y ∗

= v(S)Y ∗ (4)

where v(S) > 0, v′(S) > 0, and v(1) = 1.

Furthermore, at the steady state labor market clearing condition implies:

Cσ
(
Y

A

)ϕ
=

W

P

= A
1− 1

ε

(1− τ)
PH
P

= A
1− 1

ε

(1− τ)
1

h(S)
(5)

which, combined with the risk sharing condition, yields:

Y = A
1+ϕ
ϕ

(
1− 1

ε

(1− τ)(Y ∗)σS

) 1
ϕ

(6)
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Notice that, conditional on A and Y ∗, 4 and6 constitute a system of two equations in Y
and S, with the unique solution:

Y = Y ∗ = A
1+ϕ
σ+ϕ

(
1− 1

ε

1− τ

) 1
σ+ϕ

(7)

and

S = 1 (8)

which, in turn, implies Si = 1 for all i.



B. Optimal Price Setting In The

Calvo Model

Following Calvo (1983), Gali and Monacelli (2005) assume that each firm resets its price
with probability 1− θ each period, independently of the time elapsed since its last price
adjustment. Thus, each period a measure 1− θ of (randomly selected) firms reset their
prices, while a fraction θ keep their prices unchanged. Let P rH,t(j) denote the price set
by a firm j adjusting its price in period t. Therefore, under the Calvo price-setting struc-
ture, PH,t+k(j) = P rH,t(j) with probability θk for k = 0, 1, 2, . . . Since all firms resetting
prices in any given period will choose the same price, we henceforth drop the j subscript.

When setting a new price in period t, firm j seeks to maximize the current value of its
dividend stream, conditional on that price being effective:

max
∞∑
t=0

θkEt
{
Qt,t+k[Yt+k(P rH,t −MCrt+k)]

}
P rH,t (9)

subject to the sequence of demand constraints:

Yt+k(j) ≤
(

P rH,t
PH,t+k

)−ε(
CH,t+k +

∫ 1

0
CiH,t+kdi

)
≡ Y d

t+k(P
r
H,t) (10)

where MCnt = (1−τ)Wt

At
denotes the nominal marginal cost.

Thus, P rH,t must satisfy the first order condition:

∞∑
k=0

θkEt

{
Qt,t+kYt,t+k

(
P rH,t −

ε

ε− 1
MCnt+k

)}
= 0 (11)
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Using the fact that Qt,t+k = βk(Ct+k/Ct)−σ(Pt/Pt+k), we can rewrite the previous
condition as:

∞∑
k=0

(βθ)kEt

{
P−1
t+kC

−σ
t+kYt+k

(
P rH,t −

ε

ε− 1
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= 0 (12)

or, in terms of stationary variables,
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where ΠH
t−1,t+k ≡

PH,t+k
PH,t−1

, and MCt+k =
MCnt+k
PH,t+k

. Log-linearizing the previous condition
around the zero-inflation steady-state with balanced trade, we obtain:

prH,t = pH,t−1 +
∞∑
k=0

(βθ)kEt{πH,t+k}+ (1− βθ)
∞∑
k=0

(βθ)kEt{mcdevt+k} (14)

where mcdevt ≡ mct−mc is the (log) deviation of real marginal cost from its steady state
value, mc = −log ε

ε−1 ≡ −µ.

Observe that we can rewrite the previous expression in more compact form as:

prH,t − pH,t−1 = βθEt{prH,t+1 − pH,t}+ πH,t + (1− βθ)mcdevt (15)

Alternatively, using the relationship mcdevt = mcnt − pH,t + µ to substitute for mcdevt in
15, and after some straightforward algebra, we obtain a version of the price-setting rule
in terms of expected nominal marginal costs:

pdevH,t = µ+ (1− βθ)
∞∑
k=0

(βθ)kEtmcnt+k (16)

Under the assumed price-setting structure, the dynamics of the domestic price index are
described by the equation:

PH,t ≡
[
θP 1−ε

H,t−1 + (1− θ)(P rH,t)1−ε
] 1

1−ε (17)

which can be log-linearized around the zero-inflation steady state to yield:

πH,t = (1− θ)(prH,t − pH,t−1) (18)
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Finally, combining the previous expression with 15 to yield, after some algebra,

πH,t = βEtπH,t+1 + λmcdevt (19)

where λ ≡ (1−θ)(1−βθ)
θ .



C. Optimal Policy

Implementation

After setting rt = rrt and plugging this into the IS-equation characterizing the small
open economy, the equilibrium conditions can be summarized by means of the difference
equation:

[
xt

πt

]
= A0

[
Etxt+1

Etπt+1

]
(20)

where

A0 =

[
1 σ−1

κ β + κσ−1

]
(21)

Clearly, xt = πt = 0 for all t constitutes a solution to 20. Yet, as shown in Blanchard and
Kahn (1980), a necessary and sufficient condition for the uniqueness of such a solution
in a system with no predetermined variables like 20 is that the two eigenvalues of A0 lie
inside the unique circle. It is easy to check, however, that such a condition is not satisfied
in our case. More precisely, while both eigenvalues of A0 can be shown to be real and
positive, the largest is always greater than one. As a result, there exists a continuum
of solutions in a neighborhood of (0, 0) that satisfy the equilibrium conditions (local
indeterminacy) and one cannot rule out the possibility of equilibria displaying fluctu-
ations driven by self-fulfilling revisions in expectations (stationary sunspot fluctuations).

That indeterminacy problem can be avoided, and thus the uniqueness of the equilibrium
allocation restored, by having the central bank follow a rule which would imply that the
interest rate should respond to inflation and/or the output gap were those variables to
deviate from their (zero) target values. More precisely, suppose that the central bank
commits itself to following rule:
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rt = rrt + φππt + φxxt (22)

In that case, the equilibrium is described by a stochastic difference equation like 20,
with:

AT = Ω

[
σ 1− βφπ
σκ κ+ β(σ + φx)

]
(23)

where Ω ≡ 1
σ+φx+κφπ

. If we restrict ourselves to non-negative values of φπ and φx, a
necessary and sufficient condition for AT to have both eigenvalues inside the unit circle
(thus, implying that (0, 0) is the unique non-explosive solution to 20) is given by:

κ(φπ − 1) + (1− β)φx > 0 (24)

Notice that, once uniqueness is restored, the term φππt + φxxt appended to the interest
rate rule vanishes, implying that rt = rrt for all t. Intuitively, stabilization of the output
gap and inflation requires a credible threat by the central bank to vary the interest rate
sufficiently in response to any deviations of inflation/or the output gap from target; yet
the very existence of that threat makes its effective application unnecessary.



D. Dynamic Effects of a Domestic

Productivity Shock

Figure 1: Impulse responses to optimal policy under DITR
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Figure 2: Impulse responses to optimal policy under CITR
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Figure 3: Impulse responses to optimal policy under Optimal Policy Rule

5 10 15
-0.5

0

0.5
Output gap

5 10 15
-0.2

0

0.2
Domestic inflation

5 10 15
-0.1

0

0.1
Nominal interest rate

5 10 15
-0.1

0

0.1
CPI inflation

5 10 15
0

0.5

1
Nominal exchange rate

5 10 15
0

0.5
Terms of trade

5 10 15
-0.4

-0.2

0
Domestic price level

5 10 15
-0.1

0

0.1
CPI level



Appendix D. Dynamic Effects of a Domestic Productivity Shock 66

Figure 4: Impulse responses to optimal policy under PEG egime
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E. The Welfare Costs of

Alternative Policy Rules

Table 1: Cyclical properties of alternative policy regimes

Optimal
sd%

DI Tay-
lor sd%

CPI
Taylor
sd%

Peg
sd%

Output 0.95 0.68 0.72 0.86

Domestic in-
flation

0.00 0.27 0.27 0.36

CPI Inflation 0.38 0.41 0.27 0.36

Nominal Infl.
Rate

0.32 0.41 0.41 0.21

Terms of
Trade

1.60 1.53 1.43 1.17

Nominal
Depr. Rate

0.95 0.86 0.53 0.00

Note: Entries are percentage units of steady state consumption.

Table 2: Benchmark (µ = 1.2, ϕ = 3 )

DI Tay-
lor

CPI
Taylor

Peg

Var(πH) 0.0157 0.0151 0.0268

Var(x) 0.0009 0.0019 0.0053

Total 0.0166 0.0170 0.0321

Note: Entries are percentage units of steady state consumption.

67



Appendix E. The Welfare Costs of Alternative Policy Rules 68

Table 3: Low steady state mark-up (µ = 1.1, ϕ = 3)

DI Tay-
lor

CPI
Taylor

Peg

Var(πH) 0.0287 0.0277 0.0491

Var(x) 0.0009 0.0019 0.0053

Total 0.0297 0.0296 0.0544

Note: Entries are percentage units of steady state consumption.

Table 4: Low elasticity of labor supply (µ = 1.2, ϕ = 10 )

DI Tay-
lor

CPI
Taylor

Peg

Var(πH) 0.0235 0.0240 0.0565

Var(x) 0.0005 0.0020 0.0064

Total 0.0240 0.0261 0.9630

Note: Entries are percentage units of steady state consumption.

Table 5: Low mark-up and elasticity of labor-supply (µ = 1.1, ϕ = 10 )

DI Tay-
lor

CPI
Taylor

Peg

Var(πH) 0.0431 0.0441 0.1036

Var(x) 0.0005 0.0020 0.0064

Total 0.0436 0.0461 0.1101

Note: Entries are percentage units of steady state consumption.



F. Impulse Responses from the

VAR Analysis

Figure 5: Domestic monetary policy shock, impulse responses

     Reaction of Turkish price level     Reaction of Turkish output gap

    Reaction of Turkish short-term interest rate

  

  Reaction of TRL/EUR exchange rate 

                   
Note: VAR Orthogonal Impulse Responses. One standard deviation Innovations

69



Appendix F. Impulse Responses 70

Figure 6: Euro area monetary policy shock, impulse responses

      Reaction of Turkish price level      Reaction of Turkish output gap

    Reaction of Turkish short-term interest rate

  

      Reaction of TRL/EUR exchange rate

    
Note: VAR Orthogonal Impulse Responses. One standard deviation Innovations



G. Variance Decomposition from

the Estimated VAR

Table 6: Price level-domestic vs. foreign shocks, variance decomposition

Horizon External
shocks

rECB

shock
Domestic
shocks

rCBRT

shock

3 0.32 0.02 0.68 0.01

6 0.38 0.06 0.62 0.01

9 0.41 0.09 0.59 0.01

12 0.42 0.11 0.58 0.01

Note: The horizon is quarterly. External and domestic shocks add to one.

Table 7: Output gap-domestic vs. foreign shocks, variance decomposition

Horizon External
shocks

rECB

shock
Domestic
shocks

rCBRT

shock

3 0.83 0.16 0.17 0.000

6 0.77 0.37 0.23 0.001

9 0.75 0.50 0.25 0.003

12 0.70 0.40 0.30 0.003

Note: The horizon is quarterly. External and domestic shocks add to one.
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Table 8: Interest rate-domestic vs. foreign shocks, variance decomposition

Horizon External
shocks

rECB

shock
Domestic
shocks

rCBRT

shock

3 0.32 0.001 0.68 0.52

6 0.48 0.016 0.52 0.33

9 0.59 0.056 0.41 0.18

12 0.64 0.109 0.36 0.11

Note: The horizon is quarterly. External and domestic shocks add to one.

Table 9: Exchange rate-domestic vs. foreign shocks, variance decomposition

Horizon External
shocks

rECB

shock
Domestic
shocks

rCBRT

shock

3 0.07 0.02 0.93 0.012

6 0.07 0.02 0.93 0.012

9 0.08 0.03 0.92 0.012

12 0.08 0.03 0.92 0.012

Note: The horizon is quarterly. External and domestic shocks add to one.
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