THE REPUBLIC OF TURKEY
CUKUROVA UNIVERSITY
INSTITUTE OF SOCIAL SCIENCES
DEPARTMENT OF ECONOMICS

THREE ESSAYS ON MONETARY POLICY

UFUK CAN

DOCTORAL THESIS

ADANA /2022



THE REPUBLIC OF TURKEY
CUKUROVA UNIVERSITY
INSTITUTE OF SOCIAL SCIENCES
DEPARTMENT OF ECONOMICS

THREE ESSAYS ON MONETARY POLICY

UFUK CAN

Supervisor: Prof. Dr. Harun BAL
Jury Member: Prof. Dr. Nese ALGAN
Jury Member: Prof. Dr. Hatice DUZAKIN
Jury Member: Prof. Dr. Mehmet BALCILAR
Jury Member: Prof. Dr. Hakan KAHYAOGLU

DOCTORAL THESIS

ADANA /2022



Cukurova Universitesi Sosyal Bilimler Enstitiisii Miidiirliigiine;

Bu calisma, jiirimiz tarafindan IKTISAT Ana Bilim Dalinda DOKTORA TEZi

olarak kabul edilmistir.

Baskan: Prof. Dr. Harun BAL
(Danigman)

Uye: Prof. Dr. Nese ALGAN

Uye: Prof. Dr. Hatice DUZAKIN

Uye: Prof. Dr. Mehmet BALCILAR

Uye: Prof. Dr. Hakan KAHYAOGLU

ONAY

Yukaridaki imzalarin, ad1 gecen 6gretim elemanlarina ait olduklarint onaylarim.
]..12022

Prof. Dr. Serap CABUK

Enstiti Mudiira

NOT: Bu tezde kullanilan ve baska kaynaktan yapilan bildirislerin, ¢izelge, sekil ve
fotograflarin kaynak gosterilmeden kullanimi, 5846 sayili Fikir ve Sanat Eserleri

Kanunu’ndaki hikimlere tabidir.



ETiK BEYANI

Cukurova Universitesi Sosyal Bilimler Enstitiisii Tez Yazim Kurallaria uygun olarak

hazirladigim bu tez ¢alismasinda;

Tez i¢ginde sundugum verileri, bilgileri ve dokiimanlar1 akademik ve etik kurallar
cercevesinde elde ettigimi,

Tim bilgi, belge, degerlendirme ve sonuglar1 bilimsel etik ve ahlak kurallarina
uygun olarak sundugumu,

Tez caligmasinda yararlandigim eserlerin tiimiine uygun atifta bulunarak kaynak
gosterdigimi,

Kullanilan verilerde ve ortaya c¢ikan sonuglarda herhangi bir degisiklik
yapmadigimi,

Bu tezde sundugum calismanin 6zgiin oldugunu,

bildirir, aksi bir durumda aleyhime dogabilecek tiim hak kayiplarini kabullendigimi

beyan ederim. .../.../2022.

Ufuk CAN



DECLARATION

The thesis is prepared in accordance with the Dissertation Rules of the Institute of
Social Sciences of Cukurova University. I do hereby declare that in this thesis-
e The data, information and documents presented are obtained in accordance with
academic rules and ethical conduct,
e All information, documents, evaluation and results comply with scientific ethics
and morality,
e All sources of information and materials cited are acknowledged with appropriate
references,
e No changes have been brought to the data used and the results obtained,
Finally, the thesis is my original work that has not been presented for a degree in any

other university and I am fully responsible for any legal issues. .../.../2022.

Ufuk CAN



v
OZET
PARA POLITIKASI UZERINE UC DENEME
UFUK CAN

Doktora Tezi, iktisat Ana Bilim Dali
Damisman: Prof. Dr. Harun BAL
Ocak 2022, 107 sayfa

Monetarist ve yeni Keynesyen iktisat akimai ile birlikte 6nemi artan para politikast,
iktisat literatiirinde yer alan c¢aligmalarin odagini olusturmaktadir. Bu tezde, para
politikast alaninda en giincel konular arasinda yer alan, merkez bankasi bagimsizligi,
parasal aktarim mekanizmasi ve optimal para politikas1 genis bir 6rneklem ve farkli analiz
yontemleri kullanilarak incelenmektedir.

Ikinci boliimde, enflasyon ve merkez bankas1 bagimsizlig1 arasindaki iliski hem
teorik hem de ampirik ¢ercevede incelenmektedir. Acemoglu vd. (2008) ¢alismasini takip
ederek, tam bilgi ve eksik bilgi durumlarini i¢eren, merkez bankasi ve hiikiimet arasindaki
iliskiyi gosteren teorik model ve politika oyunu insa edilmektedir. Ayrica, ampirik
bulgular1 gostermek icin, sabit etkili dinamik panel regresyon analizi yapilmaktadir.
Dinamik panel analizi bulgulari, enflasyon ile merkez bankasi bagimsizligi arasinda
negatif bir iligski oldugunu ortaya koymaktadir. Merkez bankasi bagimsizliginin enflasyon
tizerindeki olumsuz etkisi istatistiksel olarak anlamlidir ve beklentilerle uyumludur.
Tahterevalli ve delegasyon etkileri ayristirildiginda ise, tahterevalli etkisi istatistiksel
olarak anlamli ve pozitiftir. Acemoglu vd. (2008) tahterevalli etkisini artan biit¢e acigini
monetize etmek isteyen hiikiimetin enflasyonu arttirmasi olarak aciklamaktadir.
Tahterevalli ve delegasyon etkilerinin ayristigt model Sikken ve de Haan (1998) ve
Lucotte'nin (2009) ¢alismalariyla tutarl olarak daha diisiik biit¢e agiginin enflasyonun
diismesine katkida bulundugunu gostermektedir.

Ucgiincii boliim Tiirkiye’de enflasyon hedeflemesi rejimi altinda parasal aktarim
mekanizmasmnin nasil ve hangi dlgiide basarili oldugunu sunmaktadir. Ilgili teorik ve
uygulamali literatiir dikkatlice gozden gegirildikten sonra, en uygun modeller, ¢esitli
vektor otoregresif (VAR, SVAR, VARX, SVARX) modeller, kiigiik ve acik ekonomi

varsayimi ¢ergevesinde Tiirkiye i¢in gelistirilmektedir. Temel ve genisletilmis vektor



otoregresif modellerde, likidite gdostergesi olan dar kapsamli para arzi ve politika faiz
orani reel ¢ikti seviyesinin temel belirleyicileri olmakta; fakat fiyatlar genel seviyesi
likidite, ¢ikt1 ve nominal doviz kuru tarafindan kontrol edilmektedir. Merkez bankasi
tarafindan belirlenen politika faiz orani ve nominal déviz kuru reel ¢ikt1 ve tiiketici
fiyatlar1 iizerinde anlamli bir etkiye sahipken, dissal degiskenler reel ¢ikti {izerinde kiigiik
olmasia ragmen anlamli bir etkiye sahiptir fakat tiiketici fiyatlar1 {izerinde 6nemli bir
etkiye sahip degildir. Bu sonuglar TCMB’nin Tiirkiye’de reel c¢ikt1 seviyesini
etkileyebildigini ve parasal aktarimin efektif oldugunu ortaya koymaktadir. Ayrica, déviz
kuru ve faiz oran1 kanali fiyatlar diizeyi lizerinde anlamli bir etkiye sahipken, varlik
fiyatlar1 ve likidite kanali reel ¢iktinin en Onemli belirleyicileridir. Sektorel aktarim
mekanizmasina gelince, TCMB’nin politikalarinin  sektérel ¢ikti ve fiyatlama
mekanizmasi tizerindeki etkisi istatistiksel ve ekonomik olarak anlamli bulunmaktadir.
Biitiin sektorlerde doviz kuru kanali reel ¢ikt1 ve {iretici fiyatlarinin temel belirleyicisidir,
ayrica ingaat sektoriinde faiz orani kanal1 da etkili bulunmaktadir.

Doérdiinci  boliim, Tiirkiye'de optimal para politikasinin belirlenmesine
odaklanmaktadir. Gali (2015) ve Harrison (2017)’nin calismalar1 takip edilerek,
Bayesyen tahminleri iceren yeni Keynesyen dinamik stokastik genel denge (NK-DSGE)
modeli olusturulmaktadir. Tiim soklar bir arada ele alindiginda, déviz kuru sapmalarina
ve ¢ikt1 agigina sapmalarina cevap veren Kural 8 ve Kural 10, kayip fonksiyonunu en aza
indirgemek icin en etkili kurallar olarak goriinmektedir. Soklar tek tek ele alindiginda ise,
Kural 10 para politikas1 ve uluslararasi faiz soklarinin; yurt i¢i enflasyon tahmini kurali
olarak adlandirilan Kural 7 ise verimlilik, tercih ve kiiresel emtia fiyatlar1 soklarinin
varliginda kayip fonksiyonunu en aza indirgemek i¢in en etkili para politikasi kurallaridir.
Secilen degiskenlerin etki tepki fonksiyonlarina bakildiginda, Kural 7, Kural 8 ve Kural
10 soklarin yayilma dinamiklerini agiklamak i¢in en uygun kurallardir. Sonsal olasilik
dagilimi Kural 7'nin degiskenlerin davraniglarim1 agiklamak ic¢in en iyi para politikasi
kurali oldugunu agikca gostermektedir. Tiim gerek¢eler géz oniline alindiginda, Tiirkiye
icin optimal para politikas1 olarak Kural 7 akla yatkin gdriinmekte, ayrica TCMB, her
tiirlii soka karg1 Kural 8 ve Kural 10 gibi kapsamli bir dizi para politikasi kurallarina da
uygulayabilecegi degerlendirilmektedir.

Anahtar kelimeler: Merkez bankasi bagimsizligi, panel veri analizi, parasal aktarim

mekanizmasi, VAR, optimal para politikasi, DSGE.
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ABSTRACT

THREE ESSAYS ON MONETARY POLICY

UFUK CAN

Ph.D. Thesis, Department of Economics

Supervisor: Prof. Dr. Harun BAL
January 2022, 107 pages

Monetary policy, which gained importance with the monetarist and new
Keynesian economics, is the focus of the studies in the economic literature. Among the
hot topics in this area, central bank independence, monetary transmission mechanism and
optimal monetary policy are examined in this dissertation as three independent essays by
using a wide range of samples and various analysis methods.

Chapter Two examines the relationship between inflation, budget balance and
central bank independence in both theoretical and empirical frameworks. Following the
seminal paper by Acemoglu et al. (2008), a theoretical model and a policy game between
the central bank and the government that cover the perfect and imperfect information
cases are built. In addition, in order to demonstrate the empirical findings, dynamic panel
models with fixed effects are also performed. The findings of the dynamic panel analysis
reveal that there is a negative relationship between inflation and central bank
independence. The negative impact of central bank independence on inflation is
statistically significant and is in line with a priori expectations. When the seesaw and
delegation effects are distinguished, the seesaw effect is statistically significant and
positive. Acemoglu et al. (2008) explain the seesaw effect as an increase in inflation by a
government that wants to monetize the growing budget deficit. The model in which the
seesaw and delegation effects are distinguished, on the other hand, shows that a lower
budget deficit contributes to lower inflation, consistent with the studies of Sikken and de
Haan (1998) and Lucotte (2009).

Chapter Three presents how and to what extent the monetary transmission
mechanism is successful in Turkey under an inflation-targeting environment. After
reviewing carefully the related theoretical and applied literature on monetary theory, the

suitable models, i.e., various vector autoregressive (VAR, SVAR, VARX, SVARX)
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models, are developed for Turkey in the context of a small and open economy. In the
baseline and extended vector autoregressive models, the policy interest rate and the
narrow monetary base, regarded as a liquidity indicator, are the main drivers of the output
level. However, the general price levels are controlled by the changes in real output,
liquidity and exchange rate. The policy interest rate, which is implemented by the central
bank, and the nominal exchange rate have a significant effect on real output and consumer
prices, whereas external variables have a similar, though small, effect, on real output but
not on inflation. These results reveal that the CBRT has the ability to influence Turkey's
real output level and that monetary transmission is effective. Furthermore, the exchange
rate and interest rate channels have a significant effect on the price level. However, the
asset price and the liquidity channel are the most important determinants of the real output
level. As for the sectoral transmission mechanism, CBRT’s policy actions have a
statistically and economically significant effect on both the sectoral output level and the
sectoral pricing dynamics in Turkey. The exchange rate channel is the key driver of the
price level and real output for all sectors, as well as the interest rate channel for the
construction sector.

Chapter Four focuses on the determination of the optimal monetary policy in
Turkey. Following the papers by Gali (2015) and Harrison (2017), a New Keynesian
dynamic stochastic general equilibrium (NK-DSGE) model in which Bayesian
estimations are included is constructed. Considering all shocks together, Rule 8 and Rule
10, which respond to the exchange rate and output gap deviations, seem the most effective
rules to minimize the loss function. Considering all shocks individually, Rule 10 is the
most effective monetary rule to minimize the loss function under monetary policy and
international interest rate shocks. However, Rule 7, also called the domestic inflation
forecast rule, is the most effective monetary rule to minimize the loss function under
productivity, preferences and world price level shocks. As to selected variables’ impulse
responses, Rule 7, Rule 8 and Rule 10 are suitable for explaining the propagation
dynamics of the shocks. The posterior probability clearly illustrates that Rule 7 is the best
monetary rule to explain the behavior of the variables. Considering all the grounds, Rule
7 looks plausible for Turkey, as an optimal monetary policy. Moreover, CBRT could
implement a comprehensive set of monetary rules, such as Rule 8 and Rule 10, against
each kind of shock.

Keywords: Central bank independence, panel data analysis, monetary transmission

mechanism, VAR, optimal monetary policy, DSGE.
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CHAPTER I

INTRODUCTION

1.1. Background of the Study

Macroeconomic policy consists of two main pillars: monetary and fiscal policies.
Monetary policy, which gained importance with the monetarist and new Keynesian
economics, is the cornerstone of the studies in the economic literature. Among the hot
topics in this area, central bank independence, monetary transmission mechanism and
optimal monetary policy are examined by using a wide range of samples and various
analysis methods in this dissertation.

The degree to which central bankers are free from government control is known
as central bank independence. After the late 1980s, central bank independence became a
crucial institutional formula for fighting inflation, sparking a surge of changes at central
banks across the world. When governments have discretionary power over monetary
instruments, they may put other policy priorities ahead of price stability at any time during
their tenure. Politicians can be inclined to use monetary policy to achieve short-term
increases in jobs and productivity, i.e., to boost inflation. Therefore, Rogoff (1985) argues
that monetary policy should be delegated to autonomous central banks.

Bade and Parkin (1978, 1988) were the first to quantify central bank
independence. They were solely based on laws and regulations controlling central banks
and their activities. But while Alesina (1988) and Grilli et al. (1991) developed variants
of the legal metrics of central bank independence, Cukierman et al. (1992) developed the
most commonly cited legislative measure of central bank independence by analyzing
central bank laws and statutes in conjunction with survey answers from several central
banks to determine their legal independence from political influence.

The monetary transmission mechanism describes which channels and how
monetary policy impacts the real economy as a whole. Monetary policy literature
discusses a variety of transmission channels. Mishkin (1995) defined the most well-
known channels as asset price, credit, exchange rate and interest rate channels. Due to the
fact that the central bank follows an inflation-targeting regime by using short-term interest
rates as its primary policy instrument, the interest rate channel is the most prominent.
However, other channels remain significant and relevant in all countries.

While the greater part of the literature focuses on various monetary transmission



channels in developed markets, the monetary transmission mechanism for emerging
economies has become a widely debated topic in the last two decades. In addition,
numerous studies use VARs or other methods to deduce how Turkey's monetary
transmission system operates. Kara et al. (2007), Yilmazkuday (2011) and Can et al.
(2020) reveal that Turkey's monetary policy is focused on reducing output volatility and
smoothing interest rates via the adjustments in short-term interest rate, and the monetary
transmission mechanism is effective.

Optimal monetary policy is a set of monetary policy rules that minimizes well-
being, i.e., the loss function. The optimal interest rate, the most important tool in this set,
is the rate that maximizes expected utility in intertemporal consumption choice. Monetary
policy is close to optimal in developed countries because of the low output gap and
inflation deviation. However, it is quite difficult to implement optimal monetary policy
in developing countries due to high inflation deviation, exchange rate volatility and output
gap. Therefore, an extended Taylor-type monetary policy rule with exchange rate or terms
of trade fluctuations is more meaningful.

Dynamic stochastic general equilibrium (DSGE) model is often used in an
economy modeled within the framework of New Keynesian economics in order to be able
to show the effects of internal and external shocks. Gali (2015) and Harrison (2017) built
a New Keynesian DSGE model in a small and open economy under financial frictions.
Moreover, the prior knowledge as well as the maximum likelihood function are used to
come up with a posterior distribution for the model's parameters, which is the source of
the fluctuation in the Bayesian DSGE model. The likelihood function is computed by
using the Kalman filter, and the posterior distribution for each rule is drawn by employing

the random walk Metropolis-Hastings algorithm to construct Markov chains.

1.2. Objectives of the Research

Central bank independence is linked to lower inflation in developed countries;
however, there is no generally accepted proof of a negative relationship between them in
developing countries (Crowe and Meade, 2007; Klomp and de Haan, 2010). Following
the seminal paper by Acemoglu et al. (2008), the seesaw and delegation effects are
distinguished by game theory and econometric techniques.

Under an explicit inflation-targeting regime, the general monetary transmission

mechanism is effective in Turkey, but there is no empirical study on the sectoral monetary



transmission mechanism. Following the exemplary papers by Cushman and Zha (1997)
and Can et al. (2020), the effectiveness of the general and sectoral monetary transmission
mechanism is revealed by econometric techniques in a more comprehensive framework.

Whether the applied monetary policy rule is optimal, that is, one that minimizes
the loss function, is always a matter of debate. Therefore, an optimal set of monetary
policies is determined for Turkey by modeling a general equilibrium model within the
framework of New Keynesian economics under the joint and individual effects of
different internal and external shocks. As far as is known, there are no studies conducted

on Turkey in the literature.

1.3. Organization of the Study

This thesis consists of five chapters. Following the background and objective of
the research in the first chapter, the rest of the paper is structured in the following manner.

Chapter Two presents the relationship between inflation, budget balance and
central bank independence. Following a brief introduction in Section 2.1, Section 2.2
presents the theoretical model under both complete and incomplete information cases.
Section 2.3 reveals the specification of the data. Section 2.4 gives the empirical evidence
for the relationship between inflation, budget balance and central bank independence by
constructing panel data analysis, followed by concluding remarks in Section 2.5.

Chapter Three sheds light on the effectiveness of the monetary transmission
mechanism in Turkey. Following a brief introduction in Section 3.1, Section 3.2 explains
the theoretical framework of the monetary transmission mechanism. Section 3.3 discusses
the data and the empirical motivation in detail. Section 3.4 demonstrates the monetary
transmission mechanism’s efficacy and analyzes the relative significance of various
channels and variance decompositions in important macroeconomic indicators, followed
by concluding remarks in Section 3.5.

Chapter Four reveals the optimal monetary policy in Turkey. Following a brief
introduction in Section 4.1, Section 4.2 lays out the new Keynesian economic framework
for a small and open economy, with financial frictions. Section 4.3 explains the
calibration process of the parameters. Section 4.4 points out the data, the estimation and
the priors for each rule in the model. Section 4.5 summarizes and examines the findings
by following the concluding remarks in Section 4.6. Finally, the key findings, policy

recommandations and limitations are presented in the last chapter.



CHAPTER 11

CENTRAL BANK INDEPENDENCE

2.1. Introduction

Is the central bank independence vital for keeping inflation under control? The
broadly held belief that inflation above a predetermined level is harmful to the real
economy is the main driver behind the primary objective of many central banks, which is
price stability!. High inflation has a disproportionately detrimental effect on developing
countries (Burdekin et al., 2004; Bick, 2010; Lopez-Villavicencio and Mignon, 2011;
Bittencourt, 2012; Ayres et al., 2014; Ibarra and Trupkin, 2016; Arawatari et al., 2018).
As a result, extensive analysis has been conducted in order to identify the organizations
and policies that maintain price stability. After the late 1980s, central bank independence
became a crucial institutional formula for fighting inflation, sparking a surge of changes
at central banks across the world (Goodfriend, 2007). Most countries have given their
central banks more autonomy. However, there is no definitive proof of a direct
relationship between central bank independence and inflation in developing countries
(Cukierman, 1992; Neyapti, 2012; Alpanda and Honig, 2014).

When governments have discretionary power over monetary instruments, they
may put other policy priorities ahead of price stability at any time during their tenure.
Politicians can be inclined to use monetary policy to achieve short-term increases in jobs
and productivity after nominal salaries have been set, i.e., to boost inflation. Kydland and
Prescott (1977) were the first to highlight the time inconsistency hypothesis as a possible
explanation of the high inflation in the 1970s. Friedman (1962) makes the first reference
to central bank independence that we are aware of. Barro and Gordon (1983) emphasize
the advantages of imposed commitments over discretion. In addition, Rogoff (1985)
argues that monetary policy should be delegated to autonomous central banks. When
central bankers are free of political constraints, they may make convincing promises of
price stability, which helps to keep inflation stable.

Following these theories, a broad policy consensus developed around the ability

! Both empirical and theoretical studies by Tobin (1965), Fischer and Modigliani (1978), Logue and
Sweeney (1981), Orphanides and Solow (1990), Fischer (1993), Barro (1995), Li and Zou (2002) reveal

that high inflation is detrimental to the economy.



of central bank independence to foster inflation stability (Bernhard et al., 2002; Kern et
al., 2019). This policy recommendation has been adopted by several countries. There
were 266 changes to central bank legislative independence between 1985 and 2012, with
236 of them taking place in developed countries. Garriga (2016) indicates that the
majority of these changes (77%) improved the central bank independence. Despite the
widespread influence of this policy guidance, the empirical evidence supports that this
nexus is still debatable, especially in developing countries.

Central bank independence is linked to lower inflation in developed countries,
according to several reports (e.g., Cukierman et al., 1992; Fischer, 1995; Carlstrom and
Fuerst, 2009; Bodea and Hicks, 2015a; de Haan et al., 2018; Garriga and Rodriguez,
2020). However, there is no generally accepted proof of a negative relationship between
the inflation and central bank independence in developing countries (Cukierman, 1992;
Bagheri and Habibi, 1998; Desai et al., 2003; Crowe and Meade, 2007; Klomp and de
Haan, 2010). This nexus has been identified in countries with high inflation (Landstrom,
2011), in developing democracies (Bodea and Hicks, 2015a), in countries with a medium
degree of political pressure (Acemoglu et al., 2008), in Latin American countries (Jicome
and Vazquez, 2008), in former communist countries (Neyapti, 2001) and in limited
countries (Nurbayev, 2018). Despite these mixed signals, central bank independence
remains a significant signal for the markets and policymakers in terms of price stability.
Moreover, Bodea and Hicks (2015b) state that defending the central bank from political
pressures strengthens its reputation and lets developing countries cope with dynamic
inconsistency problem.

Following the seminal paper by Acemoglu et al. (2008), a game theoretical model
based on a micro-founded model will be proposed. Then, empirical evidence will be given
for a theory that indicates that deterioration in fiscal policy, i.e., the seesaw effect, could
have negative impacts on inflation and may outweigh benefits from the delegation effect.
Acemoglu et al. (2008) built a model in which political constraints and structural
consistency are linked to this debate. They conclude that monetary policy adjustments
have only minor, if any, consequences in economies with low or high political pressures
on executives. They also reveal that monetary policy reform fits well in communities with
a medium level of restriction. Furthermore, they describe a phenomenon known as the
seesaw effect, which shows how once a policy is reformed, other policies can deteriorate.
Again, why would the central bank independence affect inflation negatively? To address

this issue, the theory proposed in this paper is that modifying central bank independence



has two opposing consequences at the same time. The first one is the delegation effect,
which is a direct effect of the central bank independence. This effect may be traced back
to Rogoff (1985). As long as the monetary policy is delegated from the fiscal policy
authority to an institution that dislikes inflation more than the fiscal authority, i.e. from a
government to a conservative central bank, the money supply growth rate slows, the time
inconsistency problem becomes less serious, and the direct impact on inflation should be
negative. However, what if the government seeks to influence inflation through other
policy tools instead of delegating the monetary policy tools to the central bank? This
phenomenon is known as the seesaw effect. Other policy aspects can deteriorate as the
central bank independence rises.

For theoretical purposes, two policymakers deal with each other: a fiscal authority
(the government) that regulates the government's financial operations and a monetary
authority (the conservative central bank) that controls the money supply. Inflation is
governed by joint policy decisions taken by policy makers. Furthermore, the government
holds the details of the fiscal expansion’s marginal cost. In essence, the model is an
adverse selection model with the central bank as the proposer and the government as the
responder. As the central bank independence rises, the delegation effect reduces monetary
policy’s contribution to inflation, while the seesaw effect exploits fiscal policy to raise
inflation (the seesaw effect) at the same time.

The rest of the paper is organized as follows. Section 2.2 presents the theoretical
model and solutions under both complete and incomplete information cases. Section 2.3
reveals the specification of the data. Section 2.4 gives the empirical evidence for the
relationship between inflation, budget balance and central bank independence by

constructing panel data analysis, followed by concluding remarks in Section 2.5.

2.2. Theoretical Model

A theoretical model is built following the remarkable paper by Dixit and
Lambertini (2003). A staggered price setting mechanism and monopolistic competition
are the key features of the model. Due to the monopolistic power of the companies,
aggregate output falls short of the optimal level. Both fiscal and monetary policies are
available to counteract the monopoly distortion. Staggered price setting allows monetary
policy to have a real effect.

The following equations are obtained after solving the micro-founded model



developed by Dixit and Lambertini (2003), and the variables are log-linearized around

their steady-state values.
y=y+ax+b(m—mn°) (1)
T=m+cx )

where y is the aggregate output, y is the natural output level in the case of no corrective

fiscal policy, a is the fiscal multiplier parameter, x is the fiscal policy variable, 7 is the
realized inflation, € is the expected inflation, m is monetary policy, c is the inflation
coefficient of the fiscal policy variable. Unexpected inflation and expansionary fiscal
policy raise the aggregate output, i.e.,a > 0 and b > 0. Unlike the study by Dixit and
Lambertini (2003), this work aims to dissociate the delegation and seesaw effect by
inspiring the work by Oztunali (2016). Therefore, to reveal the monetary policy’s impact
on inflation, the monetary policy includes the monetary policy variable’s inflation
coefficient, ¢, and the monetary policy variable, z, i.e., m = @z. Expansionary monetary

and fiscal policies increase inflation, i.e., ¢ > 0 and ¢ > 0.

2.2.1. The Policy Game

The central bank and the government are the two policymakers in the economy
(as the monetary and fiscal authorities). They cannot commit to a strategy until the private
sector sets inflation expectations, ¢, and they choose the monetary and fiscal variables,
z and x. The government provides the central bank with a certain level of autonomy. This
autonomy level is denoted by a fixed cost F € [Fyin, Fnax] Where 0 < Frin < Frax <
oo. The government must compensate to overrule the decision of the central bank. The

payoff function of the government is given by:
RE = —~(y —y™? - éx 3)
where y™ is the output target of the government, ¢ is the constant marginal cost parameter

of the fiscal expansion implemented by the government. The payoff function of the

central bank is presented by:



R = —n? )

The model is given an informational asymmetry here by suggesting that the

government is a random variable with two possible values, i.e., & € [5,?] where

0<¢< E < oo. As a result, different types of governments can favor fiscal expansion

to varying degrees. Nonetheless, it is assumed that the type of government’s exact value
is private information about the government. The central bank has prior knowledge of the

fact that the probability of the type of government & is p where 0 < p < 1.

The policy game takes place as follows: First, inflation expectations, ¢, are set
by the private sector. Second, monetary policy, z, which is a function of the fiscal policy
variable, x, is chosen by the central bank. Third, the type of government is determined by
nature. Four, the government chooses either to accept or to reject the monetary policy. If
monetary policy is rejected, the government has to pay a fixed cost, F, and choose both
the fiscal and monetary policy variables, (x, z). Otherwise, if accepted, the government
chooses the fiscal policy variable, x, and receives z. Eventually, aggregate output, y,
realized inflation, r, and the payoff functions of the government and the central bank are

realized. Figure 1 displays the policy game and the timing.

Accept k
k % Government / ~
Accept k

S \ Reject

Nature Central
Bank
& / Accept k
Accept k
k,k  Government \
Reject

Figure 1. Game tree describing the policy game and timing.



Given the monetary policy, i, chosen by the central bank, the payoff function of

the government with type ¢ is as follows in the case of accepting the monetary policy.
Riccept (§) = maxyR®(x,2,§) (5)

When rejecting the monetary policy, z, the government decides a policy (Xrejects Zreject)

and its payoff function becomes:
Rejece () 2 My R Gorejects Zrejocs ) ©
The government accepts the monetary policy if and only if,

Rfl;ccept(f) =4 Rgeject(f) - F (7

Given the government’s strategy, the objective of the central bank is to decide the

monetary policy function, z, in order to maximize:

E[R®(x,2,€,p)] = R® (x,2,€) p (£) + R°® (x, 1, )p(®) (8)

2.2.2. The Complete Information Case

The government with type & with respect to the marginal cost fiscal expansion is
known by the central bank with certainty. Although this is a significant simplification to
solve the policy game, it allows clearly distinguishing two different effects of a change in
central bank independence, i.e., delegation and seesaw effects. The backward induction
method is used to solve the model. The first step is to solve the final stage where the
central bank chooses the monetary policy. The government decides whether to reject or
accept the monetary policy offered by the central bank. Second, in the case of rejecting
the monetary policy offer of the central bank, the government determines the optimal
monetary and fiscal policies while paying the fixed cost, F, to maximize its payoff.

When starting the second decision of the game, which determines the optimal

monetary and fiscal policies in the case of rejecting the monetary policy offer of the

central bank, the government decides (xreject,zreject € argmax Xreject Zreject}) to
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satisfy its payoff function with the help of equation (3).
G __1 ny2
RReject(E) -5 (y -y ) - Exreject —F (9)

By combining the equations (1), (2) and (9), the payoff function of the government can

be denoted in terms of Zy¢ject) Xreject-

1 2
Rgeject(f) =73 [X + Axreject + b(cxreject + PZreject — ﬂe) - yn] - fxreject —F (10)

Assuming y" —y + brr® > 0, which means that the targeted output level is above

the realized output if the government does not adopt any corrective policies, and defining

A=yt — y+ br®é, which measures the output gap in the case of no corrective policy.

Taking the first order condition of (10) in terms of (xre jectr Zre ject) yields the equations

(11) and (12) in the case of no upper limit in monetary policy.

x:eject =0 (11)
" A
Zreject = bo (12)

This result is based on very basic intuition. The objective of the government is to
minimize the output gap with as little fiscal cost as possible. Fiscal expansion has a
positive marginal cost (¢ > 0), but monetary expansion has no cost. As a result, with no
restrictions on the country's monetary expansion options, the government opts to close
the output gap solely through monetary expansion. To avoid this result, an upper limit

must be enforced on the monetary policy variable. Suppose that z € [Z,,in, Zmax] Where
pl ..
(zmax < ﬁ) . Therefore, the government would no longer be able to eliminate the output

gap entirely through monetary expansion alone, and its optimal policy would require a
positive level of fiscal expansion as well. The government can choose the highest level
of monetary expansion that it is permitted to use and implement fiscal policy to close the

remaining output gap. Consequently, the optimal monetary policy is thus and so.
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Z:eject = Zmax (13)

Given equation (13), there are now two possible optimal fiscal expansion levels in place

of equation (12).

I _ A=bpzZmax

xreject - a+bc (14)
" A=bPZmax 3

Xyoioct = — 15
reject a+bc (a+bc)? (15)

To determine the optimal fiscal policy, consider the payoff function of the

government in each case:

' §(A-b@Zmax)
Rgeject(xreject» Zmax» Sz) = = Tcmax —F (16)

" 1 & 2 E(A=bPZmax)
Rgeject(xrejectl Zmax» f) =3 [a+bc] — atbe — 17)

Since the first term on the right side of equation (17) is higher than zero,

2
%[afbc] > 0, the optimal fiscal expansion level is related to the second fiscal policy

candidate, equation (17), in the case of rejecting the offer from the central bank. That is
to say, the government gets a lower payoff under the second fiscal policy candidate
because the realized output level has already exceeded the targeted level. Therefore, the
solution to the government’s maximization problem becomes the equations (13) and (15)

for (xre ject) Zre ject). The payoff function of the government becomes the equation (17)

for (xﬁe ject» Zreject: § ) in the case of rejecting the monetary policy offer of the central
bank.

Given the monetary policy decision of the central bank, if the government accepts
the offer from the central bank, the government maximizes the payoff function by
choosing the optimal fiscal policy level and not paying any fixed cost. With the help of

the equation (3), this choice, (chcept) € argmax,, . .1, must be satisfied as follows.

ccept

1
Rgccept(6) =73 (y - yn)z - Exaccept (13)
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The payoff function of the government takes a similar form to the equation (10).

1 2
Rgccept(xaccepb Z, E) = - E [_/1 + b(pz(xaccept) + (Cl + bc)xaccept] - fxaccept (19)

After taking the first order condition of the equation (19) with respect to fiscal policy

variables, the optimal fiscal policy is similar to the equation (15)2.

A-bez '3
a+bc (a+bc)?

(20)

xaccept

The payoff function of the government in the case of accepting the offer of the central

bank is similar to equation (17).

1] ¢ 2 A-bpz
Rgccept(xaccepb % f) =32 [a+bc] y [ a+bc ] o2y

The equations (13), (15) and (17) show the choices and the payoff function of the
government in the case of rejecting the offer from the central bank. The equations (20)
and (21) indicate the choices and the payoff function of the government in the case of
accepting the offer from the central bank. The government decides to accept the offer of

the central bank if and only if equation (7), Rgccept(xaccept, z, E) =

Rre]ect(xreject, Zrejects f), is satisfied.

1 A-bpz _ l 3 2 A=b@zZmax
2 [a+bc] B f [ a+bc ] T2 [a+bc] [ a+bc ] F (22)
Rearranging the equation (22) yields:
x _ A=b@PZmax _ 3 F
X = a+bc (a+bc)? + £ (23)

2 The first order condition of the payoff function of the government with respect to the fiscal policy choice
includes the derivative of the offer of the central bank with respect to the fiscal policy choice of the
government, dz/dx. In Appendix A, it is proven that this derivative is equal to zero. This means that the

central bank's offer is actually optimal monetary policy linked to the government's fiscal decision.
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F(a+bc)

Dot (24)

* __
Z = Zmax —

The equation (23) reveals that there is a positive correlation between the central

bank independence and the optimal fiscal policy, Zx* > 0, which is associated with the

F

seesaw effect. On the other hand, there is a negative correlation between central bank

az* C
aZF < 0, which is related to the

independence and expansionary monetary policy,

delegation effect. The magnitude of the delegation effect is always higher than that of the
seesaw effect because a fiscal expansion has a positive impact on output through the
inflation channel both directly and indirectly. That is to say, there is a negative correlation

between the central bank independence and inflation in a complete information case.

2.2.3. The Incomplete Information Case

The government may lie about its type. If the government lies about its type, the
central bank may compel it to engage in fiscal expansion, which corresponds to the
opposite type. The government can decide on one of the types: &; € {f, E} where & < &,

that is to say, fiscal expansion is more costly for one type. The government only knows

its type; the central bank has no information about the type of government. However, the

central bank has a prior probability of the type of government, Prob (fi = f) =p.
Moreover, Z € [Zmin, Zmax] With Zpar < %

Determine first the government’s participation decision with &; € {f, E} In the

case of rejecting the participation, the payoff function of the government with type &; is

similar to the equation (10).

2
Rgeject(fi) = _g[z + axreject(fi) + b(cxreject(’fi) + Qozreject(‘fi) - T[e) - yn] -
Szixreject(fi) —-F (25)

If possible, the government eliminates output gap when rejecting participation. An upper
limit is imposed on z;, in order to not eliminate the output gap with only monetary

expansion and at any cost. Therefore, it is assumed that z € [Z,,in, Zmax] Where Z, g, <

Yo + ¢ —y = A. Following that, Zpeject (&) = ZmaxVéi € {E, E} By taking the first
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order conditions of the equation (25) with respect to x; and z;, it is similar to the equation

(15).

) — A=bPZmax _ ¢ (26)

Xreject (fl a+bc (a+bc)?

Defining AXyeject = Xreject (§) — Xreject (i ) the equation (27) is obtained.

yreject(fi) =Yn— i 27

a+bc

E> é implies V. ject(E) < Vreject (i) In the case of rejecting the participation, the

payoff function of the government is defined as follows.

G _ l i 2 . §i(A=b@zZmax)
Rreject(fi) T2 [(a+bc) (a+bc)? (28)

After determining the payoff function of each government type in the case of
rejecting the offer of the central bank, the government’s behavior is investigated in the
case of accepting the monetary policy offer of the central bank. R¢(&;,§;) is defined as
the payoff from truth-telling for the government with type &;. k(&;) is specified as the
contract offered by the central bank with the expectation that it would be accepted by the
government with type &;. Each contract has a couple of monetary and fiscal policies. The
central bank offers z(&;) to the government with type &; and expects it to spend x(&;).

Then R¢(&;,¢&;) can be written in the following way:

1
RE(§,8) = —5 [-4+ (a + bo)x; + bez]* — &ix; (29)
In the complete information case, y; is a constant function, and it is assumed here that x;

is a function of z;. The first order condition of the equation (29) with respect to x; is

similar to the equation (20).

— ﬂ-_b(pzi _ fi (30)

x.
t a+bc (a+bc)?
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The ability of the central bank to compel truth-telling on the part of the

government is being investigated. The equations (31) and (32) are the incentive

compatibility constraints for the government types with ¢ and E

R(£,€) = R°(&.¢) (31)

R(£E) = R°(£%) (32)

The incentive compatibility constraint for a government with type &; proposes that
the payoff from telling the truth should be equal to or higher than the payoff from lying
and acting as a type &; where & #¢;, ie., R(§,&) = RG(EL-, Ej). The incentive

compatibility constraints yield as follows.

§ 2 L Y .
_%[_,14.,1_19(%_ = +bqog] —igz—%[—/1+/1—b(pz—$+bgoz] —$éx  (33)

a+bc

—= 2 2
1 — & Al - 1 § =
—E[—A-FA—I?QDZ—W‘FIKDZ] —fXZ—E[—/l-I'A—bQDZ—m-Fb(pZ] _§£ (34)

where (x,z) denotes the fiscal and monetary policies in the contract which is offered by
the central bank to the government with type E (g, g) is associated with the pair of fiscal
and monetary policies that are offered by the central bank to the government with type é .
The incentive compatibility constraints result in the equations (35) and (36).

z(ffb)c> > §bo(z - z) (35)

> &bp(z—7) (36)

Given the central bank’s monetary policy offer to both government types, their

participation constraints are denoted as follows.



R¢ (i} é) = Rfeject (é)

RG (E! E) = queject (E)
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(37)

(38)

The participation constraints clearly indicate that the payoff from accepting the

offer from the central bank conditional on truth-telling should be equal to or higher than

the payoff from rejecting the offer from the central bank for both government types. Using

the equations (33)-(38), the participation constraints are presented in detail.

1

£1? 1 3 2
-3 [_ ?c] - i& = — Py [_’1 + A= b@zZpax — PRy + bgazmax] - i&reject

— 32 2
= 1 ¢ —
) [_ s fx = — 2 [_A +4- b(PZmax - a-l-_bc + b‘/)Zmax] - fxreject

Rearranging the equations (39) and (40) yields as follows.

> F(a+bc)
Z Z Zmax — b
— F(a+bc)
Z 2 Zmax — Eho

(39)

(40)

(41)

(42)

Up until now, the conditions are necessary to guarantee the participation of the

government and accept only the contract corresponds to its own type. Given the behavior

of the government, the optimal monetary policy problem of the central bank is now being

scrutinized. The central bank's maximization problem is specified as follows.

max, 5 E [RCB (g, z,¢, g, p)] = pR‘B (g, i) + (1 - p)R°E(Z,&)

subject to g = ibq)(z —z)
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F(a+bc)
Zmax — )

F(a+bc)
Ebg

[c)l n c&; +a<pzl-]2 (43)

a+bc  (a+bc)?  a+bc

RCB(ZiJ El) = —%T[(Zi, Ei)z = _%

To begin solving this problem, consider the central bank's payoff function, which
is specified in the last row of the preceding problem. It is negatively related to both z and
z. Considering the optimal behavior of the government, monetary expansion contributes
to higher inflation. As a result, the central bank will provide as little monetary expansion
as possible to each type of government.

The intervals in which monetary policy is calculated for each type of government
by using the incentive compatibility and participation constraints, i.e., from the second to

sixth row of the equation (43).

— N2
F(a+bc) (f—f) —
— <z ="
Zmax b T Z= 2ébg(a+bc) s (44)
— R —
Q R

F(a+bc)<§< (?—i)z

Zmax ~ " gpg Ztvetatbe) T2 (45)
i
P S

Since E> &, it is arrived to P> Q and T > S. Q and P are the fixed cost’s

decreasing functions. Assume F € [Fyin, Enaxl, and Q(Fin) < R. The latter provides
that a monetary policy always satisfies the government with type i ’s incentive
compatibility and participation constraints. The central bank wants to offer the smallest
possible monetary expansion that satisfies each government’s participation and incentive
compatibility. Since a smaller monetary policy, such as z = Q can satisfy the government

with type &’s participation constraint, and z limits z from above, the central bank would
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indeed set z* = Q(F). By subtracting Q from P and adding and subtracting Q(F) from

both sides, the government with type E’s incentive and participation constraints is

rewritten as follows.
farho [% +O(F) <Z<S+0(F) (46)

Now it is assumed that P(Fp,,) — Q(Fpin) < S. After that, if F,,, is large
enough, it can be concluded that 3F such that P(F) — Q(F) = S by using the mean value

theorem. At F = F, it is arrived to the equation (47).

- (59
F= 2(a+bc)? (47)
Therefore:

< Q(F) + Sif F € [Fpyn, F]
P(F) (48)
> Q(F)+Sif F €[F,FEpayl

Since the fixed cost, F, have to be in the range [F,,;,, F], the central bank can offer
a monetary policy that can both satisfy the government with type E’s incentive
compatibility and participation. When (E - i ) is regarded as the extent of informational
asymmetry between the central bank and the government, the range of institutional quality
is actually endogenously related to this. Under the condition that F > F, which means the
central bank is more independent than the critical degree that is endogenously determined

by the informational asymmetry, then it will not be able to act independently in practice.

In this case with probability (1 — p), the central bank will encounter the government type
& for which there does not exist a monetary policy that satisfies this government type’s
incentive and participation constraints. The government & will decline the contract related
to its type as F > F makes the monetary policy Z too low to ensure participation.

On the other hand, it is assumed that P — Q = S, i.e. F = F. By using z* = Q, the

government type &’s incentive and participation constraints results in the equation (49).
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Q+5S<7 <S5+0 (49)

Therefore, Z = Q + S. The optimal solution to the maximization problem of the central

bank is the pair of monetary policies, as revealed by the equations (50) and (51).

* F(a+bc)
Z' = Zmax = g (50)
(5-2)
Y G 7 _ Fla+bo)
Z = 2¢bg(a+bc) Zmax Ebo (51

The equations (50) and (51) indicate that the informational asymmetry brings

about a positive information rent to the government at a high marginal fiscal cost.

—k o~ - ~ E_E E_f F
z (F) ~ Zcomplete (F) = ( 5—) IZE(H_D)C) — F(?;';’C)l (52)
; s 3

where [ is information rent. According to equation (52), the government with a high fiscal
cost’s information rent is negatively related to the fixed cost of circumventing the central
bank and positively related to the magnitude of informational asymmetry. Au contraire,
in the case of z *(ﬁ ) = Zeomplete (17" ), the government with a low marginal fiscal cost does
not benefit from informational asymmetry, i.e., the information rent is zero.

Due to the informational asymmetry, the fiscal expansion of the government with

type E is different from the complete information level.

—x — b(P(E*_Ecomplete)
X — Xcomplete = atbe (53)

The equation (53) points out that the fiscal expansion’s deviation from the complete

information level is different compared to the monetary expansion’s deviation due to the

bo
a+bc’

term

Now the relationship between the expected inflation and the degree of central bank
independence is revealed. In cases of F = F,,;,, and F = F, the expected inflation can be

written as follows.
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Ent(Fnin) = p[cf* (Fin) + @z" (Fmin)] +(1-p) [CE* (Fmin) + (PE* (Fmin)] (54)
En(F) = plcx"(F) + oz' (F)] + (1 — p)[cx (F) + 9z (F)] (55)

The seesaw and delegation effects are illustrated by subtracting the expressions above

from each other.

[ET[(Fmin) - [ET[(F) = C{p[z*(Fmin) + E*(ﬁ)] + (1 - p) [E*(Fmin) - E*(ﬁ)]}
SE
o {p [E*(Fmin) + HE*(ﬁ)] + (1 - p) [ﬁ*(Fmin) - ﬁ*(ﬁ)]} (56)

DE

where SE is the seesaw effect, DE is the delegation effect. The seesaw effect can be

rewritten in the following manner:

SE = cp {222 Cmin) _ ¢ _[A—bq)g*(ﬁ)_ § D+ea-n {a_m*(pmm)_

a+bc (a+bc)? a+bc (a+bc)? a+bc
¢ _ A—boz (F) il &
(a+bc)? [ a+bc (a+bc)2]} (57)
Therefore:
bc
SE =~ e (58)

These results reveal that |SE| < |DE| no matter how the informational
asymmetry’s magnitude relates to the magnitudes of both SE and DE. In case a = 0, that
is the fiscal policy has not a direct effect on output, but its indirect effect via creating
inflation takes place. The delegation and seesaw effects always dominate each other, and
therefore, there is no correlation between expected inflation and institutional quality in
the case of this special situation. In other cases, i.e. a # 0, the seesaw effect is dominated
by the delegation effect, and higher institutional quality brings about lower expected
inflation.

In particular, information asymmetry has influenced the specific level of fixed

cost, F. If the hypothetical fixed cost level F is less than this practice level F, the central
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bank cannot enforce the government with type &8s both incentive compatibility and
participation constraints. If and only if (F <F ) where F is positively related to (E - ¢ )

ensures that the central bank acts independently. That is to say, the central bank enforces
both governments to participate and accept the offer associated with their own type. In
the case of F € (F , Fmax), both government types will accept the contract offered by the
central bank targeted at the type with low fiscal cost. The government will lie about its
type with high marginal fiscal cost. Thus, the expected inflation will not relate to the fixed
cost level in practice, and both the seesaw and the delegation effects will be zero, 1.e., the

relationship between inflation and central bank independence will be zero.

2.3. The Data

A panel data set of central bank independence, inflation, and public deficits as a
percentage of GDP for 35 countries, covering the years from 2000 to 2012, is compiled
to examine the interaction of monetary and fiscal policies and their joint effects on
inflation®. The annual inflation rate is calculated by using the annual variation in the
consumer price index as documented by International Monetary Fund (IMF). The
structural budget balance data is a good indicator for displaying the public deficit*. As for
central bank independence, many different methods have been employed in the literature
to assess it. However, each method has its own set of limitations>.

Most empirical studies, such as Alesina et al. (1989), Grilli et al. (1991) and
Cukierman (1992), use the central bank independence as a dependent or independent
variable, based on central bank statutes, i.e., de jure CBI. On the other hand, some scholars
use the central bank independence related to the questionnaires, i.e., de facto CBI
(Cukierman et al., 1992; Almeida et al., 1996; Blinder, 2000), or to the central bankers’

turnover rate (Cukierman and Webb, 1995; de Haan and Siermann, 1996). However, due

3 The selected countries are strictly committed to inflation targeting, both legally and institutionally. In
addition, these countries are stated as medium and strong in terms of codings based on executive constraints
and the rule of law by Acemoglu et al. (2008).

4 The structural budget balance is a cyclically adjusted general government balance that is adjusted for non-
structural factors beyond the economic cycle. Fedelino et al. (2009) provide comprehensive information on
this notion.

> The comprehensive theoretical and practical frameworks for the central bank independence index are

provided by Mangano (1998), Acemoglu et al. (2008), Garriga (2016) and Garriga and Rodriguez (2020).
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to limited coverage of the questionnaires, cross-sectional comparability, and within-
country heterogeneity are the important problematics, so this method may not be reliable.
Based on Cukierman, Webb and Neyapti (CWN)’s criteria, the current state of the art of
the de jure central bank independence index, which is documented by Garriga and
Rodriguez (2020), is used in this study®. They developed the aforementioned central bank
independence index in three aspects. First, it covers broader country and years (290%
larger) than the original dataset of Cukierman et al. (1992). Second, even if there is no
information on a change in the particular aspects of central bank independence, the
authors include factors that account for the presence of central bank reforms and their
direction. The aforementioned factors can provide information on the direction of reforms
for further studies. Finally, they identify a number of reforms that have been overlooked
in previous datasets, including the reforms that restrict CBI, a possibility that has never
been addressed in the literature.

Figure 2 reveals the joint interactions between inflation, budget balance and
central bank independence. As clearly seen in Figure 2, there is a negative relationship
between inflation and central bank independence. Moreover, there is a slightly negative

relationship between budget balance and central bank independence, but it is not clear.
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Figure 2. Relationship between inflation, budget balance and
central bank independence.

6 CWN’s criteria consist of 16 dimensions linked to four components of the CBI, which are the
characteristics of the CEO, policy formulation, the objective of the central bank and its limitations on
lending to the public sector. These dimensions and components have a weight and finally they are combined
into a single weighted index, i.e., the central bank independence index, which ranges from 0 (lowest) to 1
(highest). Because CWN’s criteria are flexible, easily understandable and replicable, they have been widely

used as the current state of the art of measurement of de jure CBI (Acemoglu et al., 2008).
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2.4. Empirical Findings

Following the seminal paper by Rogoff (1985), many researchers have put
forward that there is a negative relationship between inflation and central bank
independence (e.g., Alesina and Summers, 1993; Loungani and Sheets, 1997; Cukierman
et al., 2002). However, this relationship has been questioned by several exemplary studies
(i.e. Banaian et al., 1998; Hillmann, 1999; de Haan and Kooi, 2000)’. Recently, Acemoglu
et al. (2008) revealed that the central bank independence has differential effects on
inflation that depend on the institutional quality of the countries in question.

To test the inflation and the central bank independence nexus, the following panel
data regression is estimated by following the inspirational paper by Garriga and

Rodriguez (2020).

Ty = 01 + P1CBlie + My + Gie + T + Uyt (59)

where m;; is the inflation, m;;_; is the lagged inflation, CBI;; is the central bank
independence index, 6 and 3, are the coefficients of the variables, 1;; is the constant term,
;¢ 1s the country dummy, 7;; is the period dummy and u;; is the error term in country i
in year t, respectively. To check the fixed effects, country and period dummies are
included?.

As explained in the introduction and theoretical model sections, the direct effect
of the central bank independence on inflation, which is negative, is delegation effect; on
the other hand, the effect of the deterioration of the fiscal policy on inflation, which is
positive, is seesaw effect. Before distinguishing between these effects, it must be checked
whether the budget balance really worsens when the central bank independence goes up.

Therefore, the following panel data regression is running:

BB = 9BBjt_1 + B2CBlit + @it + Vie + 0 + &i¢ (60)

where BB;; is the budget balance, CBI;; is the central bank independence index, §# and

7 For a more detailed discussion, see Hefeker and Hayo (2008).
8 The main purpose of this regression analysis is to reveal the relationship between the central bank
independence and inflation. Therefore, the exogeneity and no serial correlation assumptions do not strictly

hold.
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B are the coefficients of the variables, @;; is the constant term, y;; is the country dummy,
wy¢ 1s the period dummy and ¢;; is the error term in country i in year t, respectively. To
check the fixed effects, country and period dummies are included.

To distinguish the delegation and seesaw effects, the coefficient of the central

bank independence index in equation (59) is written in the following functional form:

B1 = Bs + BuBB;; (61)

The equation (61) implies that the effect of the central bank independence on inflation

hinges on the budget balance. Therefore, the panel regression equation is as follows.

Ty = 0me—q + B3CBly + B4CBIi BBt + My + (i + Ty + Wyt (62)

where 3 and [, represent the delegation and seesaw effects, which are expected to be
negative. When the budget balance deteriorates, the central bank independence and

inflation go up. The findings of the equations (59), (60) and (62) are revealed in Table 1.

Table 1
Dynamic panel models with fixed effects for the relationship between inflation, budget
balance and central bank independence

Dep. Var.: Model 1 Model 2 Model 3

Constant 4.005 (0.599) -2.918 (0.997) 3.990 (0.595)
B1 -1.980 (0.940)
B- 0.549 (1.564)
B -1.689 (0.839)
B 0.010 (0.039)
R? 0.40 0.16 0.41
N 455 455 455

Notes. All regressions include country and year-fixed effects. The numbers in parentheses
represent the standard errors. Model 1, Model 2 and Model 3 denote the equations (59),
(60) and (62), respectively.

Table 1 reveals that the coefficient of the central bank independence in Model 1,
i.e., f1, is negative. That is to say, higher central bank independence is associated with
lower inflation. Its t-statistic is statistically significant, and its sign is in line with a priori
expectations. The coefficient of the central bank independence in Model 2, f3,, is positive.
That is to say, greater central bank independence is associated with a low budget deficit

or budget surplus. It is statistically insignificant but is in line with Figure 2 and economic
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expectations. Sikken and de Haan (1998) and Lucotte (2009) are among the exemplary
papers which show that there is a positive relationship between budget balance and central
bank independence. Model 3 clarifies that higher central bank independence leads to
lower inflation and a lower budget deficit. When the delegation and seesaw effects are
distinguished, the coefficients of the delegation effect, 53, and the seesaw effect, 3,, are
statistically significant. The sign of the coefficient of the seesaw effect is positive and is
not in line with a priori expectations. Acemoglu et al. (2008) explain the seesaw effect,
which means that a higher level of central bank independence and lower inflation are
associated with a budget deficit. Model 3, on the other hand, shows that a lower budget
deficit leads to lower inflation, which is consistent with the work of Sikken and de Haan
(1998) and Lucotte (2009). Acemoglu et al. (2008) cover the period 1972-2001 when
budget deficits were generally monetized. This dissertation covers the period 2000-2012
when the direct funding of the budget deficit by central banks was prohibited legally.
Therefore, the empirical findings of this dissertation differ from those of Acemoglu et al.
(2008). As revealed by Model 3, a rise in central bank independence by 1% is associated
with a 1.69 ppts decline in inflation. For example, an improvement in the central bank
independence from 0.56 to 0.77, which is close to the improvement in Switzerland’s
central bank independence index in 2003, is associated with a 0.35 ppts decline in
inflation.

The equations (59), (60) and (62) include both lagged dependant variables and
fixed effects, so the dependant variable will be correlated with the error term unless the
number of observations goes to infinity. To perform a robustness check and ensure
consistency, the generalized method of moments (GMM) estimator developed by
Arellano and Bond (1991) is implemented, as followed by Acemoglu et al. (2008). The
findings of the GMM forms of the equations (59), (60) and (62) are revealed in Table 2.



26

Table 2
Arellano-Bond GMM models for the relationship between inflation, budget balance and
central bank independence

Dep. Var.: A Model 1 Model 2 Model 3

Constant 4.235 (0.699) -0.665 (0.523) 3.672 (0.403)
P1 -2.341 (1.088)
P2 -0.154 (0.758)
P3 -1.083 (0.512)
[op 0.134 (0.023)
7 15.64 28.63 39.03
N 455 455 455

Notes. The numbers in parentheses represent the robust standard errors. Model 1, Model
2 and Model 3 denote the GMM forms of the equations (59), (60) and (62), respectively.
P1, P2, P3 and p, are the estimated coefficients of the variables in the GMM forms of the
equations (59), (60) and (62), respectively. y* denotes Wald test statistics. According to
Wald test statistics, all instruments are valid.

Table 2 supports the findings in Table 1. The only difference is that the sign of the
coefficient of the central bank independence in Model 2 is different. The coefficient of
the central bank independence is not statistically significant, but is compatible with a
priori expectations. It means that higher central bank independence is associated with a
higher budget deficit. Acemoglu et al. (2008) called this phenomenon as seesaw effect,
but this finding is not always robust. As revealed by Model 3, a rise in central bank
independence by 1% is associated with a 1.08 ppts decline in inflation. For example, an
improvement in the central bank independence from 0.56 to 0.77, which is close to the
improvement in Switzerland’s central bank independence index in 2003, is associated

with a 0.23 ppts decline in inflation.

2.5. Concluding Remarks

In this chapter, the relationship between inflation, budget balance and central bank
independence is examined in both theoretical and empirical frameworks. To construct a
theoretical model, a policy game between the central bank and the government is built.
While the central bank is autonomous in its decision-making, if the government pays an
exogenous cost for bypassing the central bank's authority on monetary policy
determination, the government may pursue its own fiscal and monetary policies
independently.

In the case of the perfect information case, the model produces the anticipated

(and experimentally confirmed) negative relationship between inflation and central bank
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independence. Two distinct effects, i.e. delegation and seesaw effects, are already at
work: As the central bank gains independence, it is able to conduct relatively less
monetary expansion (the delegation effect), but this results in a greater reliance on fiscal
expansion on the part of the government, as both monetary and fiscal policies are used to
close the output gap. However, the fact that a rise in fiscal expansion is less than a
decrease in monetary expansion brings about a lower anticipated inflation level.

On the other hand, in the case of informational asymmetry, the marginal cost of
the government is first introduced, and then the model produces a zero correlation
between the central bank independence and the anticipated inflation rate. The
informational asymmetry defines endogenously the range of costs that the government
must bear in order to circumvent the authority of the central bank. If the magnitude of this
cost exceeds the interval that was previously determined endogenously, that is, if the
institutional quality does not conform to the informational asymmetry, the model
produces a zero relationship between inflation and central bank independence. That’s why
the central bank is no longer able to offer a policy that compels the government at high
fiscal cost to tell the truth and accept the contract.

The findings of the dynamic panel models reveal that there is a negative
relationship between inflation and central bank independence. The negative impact of
central bank independence on inflation is statistically significant and is in line with a
priori expectations. When the seesaw and delegation effects are distinguished, the seesaw
effect is statistically significant and positive. Acemoglu et al. (2008) explain the seesaw
effect, which means that a higher level of central bank independence and lower inflation
are associated with a budget deficit. Model 3, on the other hand, shows that a lower budget
deficit leads to lower inflation, which is consistent with the work of Sikken and de Haan
(1998) and Lucotte (2009). Acemoglu et al. (2008) cover the period 1972-2001 when
budget deficits were generally monetized. This dissertation covers the period 2000-2012
when the direct funding of the budget deficit by central banks was prohibited legally.
Therefore, the empirical findings of this dissertation differ from those of Acemoglu et al.
(2008). A rise in central bank independence by 1% is associated with a decline in inflation
by 1.93 ppts in the dynamic panel model with fixed effects, and 1.08 ppts in Arellano-
Bond GMM model. As a policy recommendation, the central bank should be strengthened
both functionally and legally and ensured to be more independent to combat inflation and

the budget deficit.
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CHAPTER III

MONETARY TRANSMISSION MECHANISM

3.1. Introduction

Monetary policy has a substantial and pervasive effect on macroeconomic
indicators such as the inflation rate and real output level. The monetary transmission
mechanism describes by which channels and how monetary policy impacts the real
economy as a whole. Monetary policy literature discusses a variety of transmission
channels. Mishkin (1995) defined the most well-known channels as asset price, credit,
exchange rate and interest rate channels. Due to the fact that the central bank follows an
inflation-targeting regime by using short-term interest rates as its primary policy
instrument, the interest rate channel is the most prominent. However, other channels
remain significant and relevant in all countries, no matter their development level.

In this chapter, how and by which channels the monetary transmission mechanism
works in Turkey is discussed. Since the beginning of 2006, an explicit inflation-targeting
regime has been implemented in Turkey. How monetary policy shocks affect inflation
and output levels is revealed, demonstrating which channel behaves as anticipated in
theory. To differentiate the effects of important external shocks, certain key global factors
that have an impact on the domestic economy are examined, together with the main
domestic variables that may be influenced by the Central Bank of the Republic of Turkey
(CBRT). This chapter adds to the research on the monetary transmission mechanism in
Turkey's emerging market environment by examining the explicit inflation-targeting
period using different vector autoregressive (VAR) models with various modifications,
as well as a structural vector autoregressive (SVAR) framework.

First, a simple baseline model is developed to investigate the relationship between
the level of real output, the rate of inflation, the money supply, and the policy interest
rate. The baseline model is expanded by including other important and prevalent
variables, such as the exchange rate. Due to Turkey's high dollarization level and
integrated economy, which results in being susceptible to external innovations through
import and balance sheet channels, adding the exchange rate as a dependent variable looks
rather relevant and plausible. As such, global commodity prices and the federal funds rate
are covered in the structural vector autoregressive model to account for their effect on

inflation and real output. A variety of vector autoregressive models are constructed to
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elucidate the monetary transmission mechanism and channels in question. The findings
reveal that the effectiveness of monetary policy is related to the anticipated effects on
inflation and real output. Additionally, the fact that liquidity and asset price channels are
very apparent in Turkey is demonstrated, despite the country's vulnerability to external
shocks. As generally recognized in the literature on the exchange rate pass-through, the
exchange rate channel plays a critical role in explaining Turkish inflation.

While the greater part of the literature focuses on various monetary transmission
channels in developed markets (Bernanke and Blinder, 1992; Taylor, 1995; Reifschneider
et al., 1999), the monetary transmission mechanism for emerging economies has become
a widely debated topic in the last two decades’. As indicated by Disyatat and
Vongsinsirikul (2003), monetary policy shocks have a long-lasting effect on price level;
however, they have a transient effect on output level in Thailand. Numerous studies on
India's monetary transmission mechanism show that it is ineffective at increasing output
but effective at increasing lending '° (e.g., Sengupta, 2014; Bhoi et al., 2017). Asrevealed
by Cato et al. (2008), interest rate fluctuations have a significant impact on inflation and
output levels in Brazil, while the exchange rate is the main driver. Perera and
Wickramanayake (2013) demonstrate that monetary policy is an important determinant
of inflation and real output level in Sri Lanka as an emerging market environment in a
thorough study of the monetary transmission mechanism. Additionally, they demonstrate
the effectiveness of the exchange rate, asset price and credit channels.

Numerous studies use VARs or other methods to deduce how Turkey's monetary
transmission system operates. Berument (2007) illuminates monetary policy from 1968
to 2000. Because monetary tightening has a negative impact on real output and price
levels, the gap between the central bank's policy interest rate implemented in the interbank
market and the depreciation of the Turkish lira is used as the monetary policy stance in
this study. As indicated by Kara et al. (2007), the interest rate has a significant effect on
the output gap level in Turkey after the implementation of the inflation targeting regime.
According to Yilmazkuday (2011), Turkey's monetary policy is focused on reducing

output volatility and smoothing interest rates via the adjustments in short-term interest

° For a more detailed literature review, see Brayton and Mauskopf (1985), Gertler and Gilchrist (1993),
Christiano et al. (1999), Dodge (2002), Franta et al. (2014), Mishra et al. (2016) and Can et al. (2020).
10 Khundrakpam and Jain (2012), Montes (2013), Das (2015) and Dua (2020) are among the other

exemplary papers.
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rate, and the credit channel affects the real economy positively under both explicit and
implicit-inflation targeting regimes. As revealed by Akyurek et al. (2011), the explicit
inflation-targeting regime is a persuasive instrument to enhance monetary policy
transmission in Turkey. Among the comprehensive studies conducted for Turkey, Kilinc
and Tunc (2014) examine the various internal and external shocks’ impacts on inflation
and real output level, concluding that an interest rate innovation reduces inflation and real
income, while a global demand shock effects both, similar to an upward change in
commodity prices. According to Domac et al. (2019), monetary policy has a modest
influence on the real output level, while external variables such as global economic
growth and risk aversion have a larger impact on the Turkish economy. Can et al. (2020)
take a similar strategy to Kilinc and Tunc (2014), except that they employ a variety of
models to test for resilience with alternative variables and demonstrate for Turkey that
the interest and exchange rate channels have a powerful impact on inflation. However,
the asset price channel as well as the liquidity channel are the most important
determinants of the output level.

The rest of the paper is structured in the following manner. Section 3.2 explains
the theoretical framework of the monetary transmission mechanism. Section 3.3 discusses
the data and the empirical motivation in detail. Section 3.4 demonstrates the monetary
transmission mechanism’s efficacy and analyzes the relative significance of various
channels and variance decompositions in important macroeconomic indicators, followed

by concluding remarks in Section 3.5.

3.2. Theoretical Framework

The macroeconomic texture of the monetary transmission mechanism is assumed
by the Post-Keynesian endogenous money theory as a function of short-term interest
rates, output, and inflation. The doctrine of Post-Keynesian endogenous money theories
emphasizes the way the macroeconomic structure of the monetary transmission
mechanism is discussed by the New Keynesians and New Consensus Macroeconomists.

The New Consensus Macroeconomics explains why the long-run results of output
and employment are policy neutral by pointing out that inflation is set to be the paramount
goal and short-term interest rate is used as the only instrument of monetary policy
(Fontana, 2007). The New Keynesian and New Consensus Macroeconomics’ macro-

structural connotation is that the macroeconomic structure of the monetary transmission
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mechanism is defined by the reciprocal relationship among short-term interest rates as
well as inflation and output, as long as the main elements of the New Consensus
Macroeconomic structure are presumptions of real wage negotiations, supply-driven
equilibrium, inflation determined by demand and also money neutrality (Setterfield,
2006). The relationship between these elements has been represented by (Clarida et al.,
1999) using a three-equation model, which completely defines the macroeconomic
structure of the monetary transmission mechanism.

By using a Phillips Curve (PC), an interest rate based monetary rule (MR) and the
IS Curve, the Post-Keynesian interpretation of the macroeconomic structure of the

monetary transmission mechanism is expressed in the general functional form:

T = Py + p(Ve-1 — Yi-1) + V¢ (63)

Ve =Yg+ O(Re—q —Mpq) + d; (64)

Equation (63) denotes the Phillips curve, m; is the inflation in the current period, fm;_¢
is the lagged inflation, (y;_; — y;_;) is the lagged output gap, and v; is the cost push
shock. Equation (64) is the IS curve equation, y; is the output in the current period, ay;_4
is the lagged output, (R;_1 — m;_) is the real interest rate and d; is the demand shock.
The structural portrayal of the monetary policy variable is characterized by the monetary
rule used, and the rule used is stated by the aspect of the monetary transmission
mechanism. Monetary policy tools are commonly alterations in short-term interest rate,
when there is a static view of the monetary transmission mechanism. As Taylor (1995)

demonstrated, a standard rule for monetary policy can be used in such a passive structure:

Ry =Py + VYY1 — Yi-1) + & (65)

where R; is the monetary policy interest rate. The impact of monetary policy on inflation
is represented by the coefficient f and effect on output is symbolized by coefficient y.
These three equations, which outline the dynamics of inflation, interest rates, and the
output gap, represent the macrostructural dynamics of monetary transmission. The ideal
reduced form structure of the mechanism is commonly used by abounding vector

autoregressive (VAR) model-based empirical frameworks:
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76, Ve Re] = a + .37Tt—p +Vip+ Rep + & (66)

These variables, forming the theoretical scheme, are the main objects of monetary
policy and have been cited as having causative effects on inflation and output. Monetary
policy easing causes an increase in both inflation and output, whereas monetary policy
tightening causes a decrease in both variables, inflation and output. This theoretical
arrangement is accepted as a solid state, and an unforeseen monetary policy tightening
has transmissible effects on interest rates, which causes a constant decline in real GDP

and price level.

3.3. Data and Methodology
3.3.1. The Data

The quarterly data from 2006Q1 to 2018Q2 is compiled to perform the empirical
analysis. Quarterly data is preferable to monthly data since it has lower volatility and
similar base periods. The aforementioned period is chosen to assess the monetary
transmission mechanism’s efficacy in the absence of any regime changes, whether in
terms of exchange rates, inflation, or monetary base targeting. 2018Q3 and subsequent
periods are omitted from this study due to the idiosyncratic shocks observed in 2018Q3
and their continuing impacts. The data is compiled from Banking Regulation and
Supervision Agency (BRSA), Central Bank of the Republic of Turkey (CBRT), Federal
Reserve Bank of St. Louis (FRED), International Monetary Fund (IMF), Istanbul Stock
Exchange (BIST) and Turkish Statistical Institute (TURKSTAT). Table 3 contains brief

descriptions of the variables.
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Table 3

Labels, definitions and sources of the variables
Variable label Variable definition Source
XU100 Stock market index BIST
SXU100 Sectoral stock market index BIST
CRD Total private loans deflated by CPI BRSA
SCRD Sectoral credits deflated by CPI BRSA
EPR Effective policy rate (CBRT)!! CBRT
EXR Nominal exchange rate!? CBRT
IPI Industrial production index (2010=100) CBRT
M1 Basic money supply CBRT
M3 Broad money supply CBRT
EFFR Effective federal funds rate FRED
WCPI World commodity price index (2010=100) IMF
CPI Consumer price index (2010=100) TURKSTAT
GDP Gross domestic product deflated by the CPI TURKSTAT
SPPI Sectoral producer price index (2010=100) TURKSTAT
SGDP Sectoral output level deflated by the CPI TURKSTAT

The three-month average is used for the data, which is not publicly available every
quarter. With the exception of the exchange rate, interest rates, stock market indices, all
variables are seasonally adjusted using the X-13 method as suggested by Tena and
Tremayne (2009). They are specified logaritmically in accordance with Carpenter and
Demiralp (2012). Traditional unit root tests, i.e., Augmented Dickey-Fuller (ADF) and
Kwiatkowski et al. (KPSS), reveal that the original versions of some data have a unit root
at their level, but the hypothesis of a unit root is rejected in the first difference of all data.
According to Johansen’s well-known A-max and A-trace tests, the variables are
cointegrated. Following the exemplary papers by Sims et al. (1990) and Lutkepohl and
Reimers (1992), the log-levels of the variables can be used for obtaining a consistent

estimate.

! The effective policy rate denotes either the weighted average funding cost for after 2010 or the overnight
borrowing rate for the 2006-2010 period, as implemented by CBRT. For the period starting in 2011, the
weighted average funding cost is used in place of the overnight repurchase rate for the period beginning in
2011, because the CBRT funded the market at variable amounts and various rates as an unconventional
liquidity management tool.

12 The nominal exchange rate is a currency basket, equally consisting of EUR:TRY and USD:TRY because
both currency pairs have a significant impact on the Turkish economy due to Turkey's connection to the

rest of the world through capital flows, commodity prices and international trade.
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3.3.2. The VAR Models

Following the influential work by Sims (1980), the economic effects of monetary
policy are evaluated by using vector autoregressive models, which are regarded as a
trustworthy method for detecting and capturing underlying interactions among the
selected variables (Bernanke and Gertler, 1995). Vector autoregressive models are a
powerful technique for performing multivariate analysis and forecasting. As a result, this
model is often employed to estimate the monetary transmission mechanism in developed

and developing economies. The general vector auto regression equation is as follows:

5yt =@+ X106y + 2?:0 Bjxe—j + 1t (67)

where y, is the vector of endogenous variables, x;is the vector of exogenous variables, ¢
is the vector of constants and p;, is the vector of white noise error term. §; points out the
lag operator’s polynomial matrix and f3; is the coefficients’ matrix.

Various vector autoregression models are constructed to assess the effectiveness
of monetary policy for the variables targeted, i.e., real output and inflation, that are
influenced by the central bank. All models share the premise that the system is recursive,
and Cholesky decomposition is used to identify the impacts of the shocks'®. To begin, the
unrestricted baseline vector autoregressive model with four variables, VAR(4), is
constructed with targeted domestic variables, y;' = (GDP,, CPI;, M1,, EPR;), where the
first two variables are the central bank's primary target variables and are expected to be
affected by any change in monetary policy stance. As indicated by Ito and Sato (2008),
and Laopodis (2013), the VAR(4) model’s last two variables are included to analyze the
monetary transmission channels, i.e., the liquidity and interest rate channels, in previous
literature. The VAR(4) model’s variables are ordered in a way that makes sense in terms
of the central bank's response to output and inflation cycles. Second, the VAR(4) model
is expanded with the exchange rate (EXR,), 1.e., the VAR(S) model, to capture the impact

of the exchange rate channel. Also, the exchange rate is a significant driver of economic

13 Stock and Watson (2001) and Hanson (2006) point out that the recursive, reduced and structural vector
autoregressive models use a variety of assumptions in order to describe the possible consequences of
monetary policy. The Cholesky decomposition separates the structural errors by orthogonalizing them
iteratively. Unlike the untransformed innovation in the first equation, the second and following equations

are treated as orthogonal to those in the first and subsequent equations sequentially.
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integration in the Turkish economy through import prices, risk perception and sentiment,
among other things. Later, the VAR(5) model is expanded with external variables, i.e.,
global commodity prices and the effective federal fund rate, which is called VARX(7).

In order to reveal the relative magnitude of each channel of the monetary
transmission mechanism, a shutdown vector autoregressive (VAR(7)) model is built,
y:' = (GDP,, CPI;,,M1,,CRD;, XU100, EPR;,EXR;), in which CRD, is the credit
channel, XU100; is the asset price channel, EPR; is the interest rate channel and EXR; is
the exchange rate channel. Following the blocking-off approach by Ramey (1993), each
transmission channel’s impact on the real output and price levels is determined.

For the sectoral monetary transmission mechanism, a vector autoregressive
(VAR(6)) model is constructed, y;" = (SGDP;, SPPI,,SCRD;,SXU100;, EPR;, EXR,), in
which SGDP; is the sectoral contributions to GDP, SCPI, is the sectoral producer price
index, SCRD; is the sectoral credit allocations and SXU100, is related sectoral index in
BIST100. The fundemental aim is to focus on the main sectoral aggregates that include

agriculture, industry, construction and services sectors'?.

3.3.3. The SVAR Model

Based on pioneering research on the monetary transmission mechanism (Kim and
Roubini, 2000; Fraser et al., 2014), a structural vector autoregressive (SVAR) model is
constructed for Turkey. While being generally consistent with economic theory, the
structural vector autoregressive method works very well for diagnosing the impact of
policy shocks by adding desirable constraints. It identifies complex connections and
linkages between policy and important macroeconomic variables. Additionally, the
structural vector autoregressive method is more appropriate for small and open
economies, such as Turkey, than other known identification approaches, since the
prominent features of these economies may be more accurately described using the
structural vector autoregressive approach (Elbourne and de Haan, 2006).

Cushman and Zha (1997) developed a structural vector autoregressive method

with block exogeneity that allows one to cover external factors which have an impact on

4 When compiling data on these sectors, NACE Rev.2. codes developed by Eurostat is taken into
consideration. In terms of NACE Rev.2. codes, agriculture sector includes A, industry sector covers B, C,
D and E, construction sector contains F, services sector covers G, H, I, J, K, L, M, N, O, P, Q,R, S, T, U.

For more detailed information, see Carré (2008) and van den Brakel (2010).
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the domestic variables in the system. It is presumed that domestic variables have no effect
on external variables. Additionally, block exogeneity is more appropriate since it lowers
the number of parameters that must be estimated, as indicated by Mackowiak (2007) and
Sosa and Cashin (2009). Thus, the structural vector autoregressive model with seven
variables, SVARX(7), is an extended version of the VAR(5) model with two external
variables, i.e., global commodity prices and the effective federal fund rate, which is
similar to the VARX(7) model. A world commodity price index (W CPI,) is employed for
Turkey, as a major commodity importer, and is sensitive to global commodity prices via
import prices. Moreover, the federal funds rate (EFFR,) is selected as the second external
variable since it is a capital flow indicator and also serves as a proxy for global demand.
Both sides of a typical vector autoregressive model specification are multiplied by &5,
resulting in the simplified version of the reduced form of the structural vector

autoregressive model:
Ve =V + 01y +pxe + & (68)
where 8; = 8,6, L,y = 85 @, p = By ! and &, = Syu;. Following the exemplary paper

by Amisano and Giannini (1997), the structural disturbances are derived to identify the

matrix by imposing required restrictions.

Uwceris1 11 0 0 0 0 0 0 71 réwecer
UEFFRS NA 1 0 0 0 0 0 €EFFR
UgppPs NA 0 1 0 0 0 0 €eppP
Uepis |=INA 0 NA 1 0 0 0 x| &cpi (69)
Upm1s 0 0 NA NA 1 NA O Em1
UEpPRS NA O 0 0 NA 1 NA €EPR
LUpxpsd LNA NA NA NA NA NA 11 Lé&gxgr!

The first and second rows depict the exogenous block, whose shocks originate
externally. The third and fourth rows represent the equilibrium of the goods market with
nominal rigidity. The fifth and sixth rows show the money market equilibrium, which
conveys information about money demand and policy responses. The final row indicates
the financial market equilibrium, which includes a risk perception sense. To perform a
robustness check, the industrial production index (/PI;) and broad money supply (M3;)

are substituted for gross domestic product (GDP;) and narrow money supply (M1;) in the
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alternative vector autoregressive and structural vector autoregressive models'>.

3.4. Empirical Findings

Before discussing the empirical findings, it's worth noting that the optimal lag
length, according to Schwarz and Hannan-Quinn criteria, is one quarter. However, one
lag may be deemed insufficient for understanding the underlying mechanics of the
system, resulting in autocorrelation problems in the residuals. As a result, the vector
autoregressive and structural autoregressive models are run with two lags, as carried out
by Disyatat and Vongsinsirikul (2003), enabling them to show larger impulse response

variations. The estimated models seem to be applicable since they pass diagnostic tests.

3.4.1. General Monetary Transmission Mechanism

Impulse response functions and variance decomposition analysis are used to
evaluate the effectiveness of the monetary transmission mechanism and the various
transmission channels in Turkey. The impulse response functions (IRFs) represent the
dynamic responses of endogenous variables to a one-time shock in the effective policy
rate, implemented by Central Bank of the Republic of Turkey. The X and Y axes represent

quarters and the variables' impulse responses, respectively'®.

(a) Consumer prices (b) Gross domestic product

e 8 A TR e 4 [t ke VAT (L) — e M |V cpnantive VAR
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AN (T — AT

15 The coefficients and standard erros of the structural vector autoregressive model, i.e., equation (69), are
in Appendix B.

16 The impulse response functions and confidence intervals are shown in the Appendix B. While the dashed
lines represent the confidence intervals, and together above and below x-axis show a statistically significant

impact, the dotted lines denote the two standard error confidence intervals for the variables' responses.
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Figure 3. Effectiveness of the general monetary transmission mechanism with a
combination of the various impulse response functions.

Figure 3 illustrates that a CBRT’s policy interest rate increase results in a decrease
in GDP, which is compatible with monetary theory; but, only the VARX(7) model is
statistically significant. Tighter monetary policy gives rise to a U-shaped trajectory in real
output that bottoms out between the fourth and sixth quarters. This trajectory is in line
with the exemplary papers carried out by Disyatat and Vongsinsirikul (2003) for Thailand
and Berument and Froyen (2006) for United States. Additionally, CPI exhibits a lasting
downward trend after positive interest rate shocks, which is consistent with monetary
theory; but not statistically significant. The uncertainty of the CPI’s impulse response
function grows as the horizon lengthens. Similar to the findings of this analysis,
Yilmazkuday (2011) shows that the exchange rate shocks and the lagged inflation rate
have a significant effect on the inflation rate, demonstrating the importance of inflation
inertia and external shocks in a small-open economy experiencing times of high inflation.
During the sample period examined, 2006-2018, when inflation was relatively low and
steady on a downward spiral, it seems reasonable that monetary policy concentrates on
real output, given the deflation induced by the global financial crisis. As revealed by Kim
and Roubini (2000), M1 responds quickly to interest rate innovations. It seems
contradictory; however, Leeper et al. (1996) refer to this monetary contraction as a
liquidity effect. Furthermore, M1 may be seen as a balance-sheet channel since it
comprises money in circulation and sight deposits, both of which are considered the
banking system’s core liabilities. The impulse response functions for M1 is statistically
significant, and bottoms up between the fourth and sixth quarters. Meanwhile, interest

rate innovation appears to continue until it returns to its initial level, which occurs after
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about 10-12 quarters. A statistically significant interest rate shock gives rise to a
remarkable boost in the beginning, gradually decreases, and eventually becomes
economically insignificant by the tenth quarter and afterwards. Additionally, the IRFs'
convergence to zero as the horizon extends indicates the models are stable. The results of
the analysis suggest that the policy actions implemented by CBRT have a direct effect on
both monetary aggregates and interest rates, implying that monetary transmission
mechanism operates in Turkey. It is statistically significant and compatible with
economic theory due to the fact that the predicted model assumes Turkey to be an open
small economy sensitive to external and global dynamics.

To reveal the explanatory power of monetary transmission channels on the target
variables, the finding of the VAR(7) model, which covers all the channels, is as follows.
According to the blocking-off methodology suggested by Ramey (1993), the analysis is

carried out by extracting the variable whose effect is to be determined in the model'’.

(e) Consumer prices (f) Gross domestic product
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Figure 4. Comparative analysis of the relative significance of various channels with
combined impulse response functions.

According to Figure 4, in the case of a policy rate shock, the GDP initially
declines, then reverses, hits a high in the third quarter, and begins to decline. These
models seem to be statistically and economically significant. On the other hand, CPI
responds rapidly, consistently, and negatively to policy shocks, which is not statistically
insignificant but economically significant, implying that monetary policy has an impact

on the price level under an inflation-targeting regime. When the exchange rate and asset

17 The blocking channel is represented by W/O.
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price channels are blocked, the responses of CPI and GDP are significantly distinct.

Blocking the exchange rate channel shows that, starting in the second quarter, the

exchange rate is the most important and explanatory variable for CP1. While the asset

price channel looks insignificant till the seventh quarter, it gains importance in the long

term for GDP, resulting in a positive wealth effect.

Additionally, the variance decompositions for each targeted variable are computed

across a range of forecast horizons to ascertain the extent to which fluctuations in an

endogenous variable are driven by given shocks in explanatory variables. The primary

emphasis is on the extent to which changes in CPI and GDP are explained by which

monetary policy channel across forecast horizons of two to sixteen quarters.

Table 4

Variance decomposition of the price and real output

Panel A. VAR(5) Model

. CPI GDP
Variables = 4 8 16 2 4 8 16
GDP 852 1332 2230 31,04 | 7826 6603 4785 39.72
CPI 8530 76,58 5888 3568 | 862 1408 1957 1871
MI 068 055 512 1796 | 278 1027 20.17 19,50
EPR 276 474 388 468 | 114 169 703  17.18
EXR 274 480 981 10,63 | 920 793 538 490
Panel B. VAR(7) Model
. CPI GDP
Variables 4 8 16 2 4 8 16
GDP 192 3,08 481 433 | 6049 4198 31,17 2683
CPI 8530 7395 5476 3879 | 13,73 1237 1114 1237
M1 023 016 217 1055 | 501 1356 2440 2677
EPR 9,04 16,63 1923 1893 | 029 057 0,70 436
EXR 1,55 404 1514 2538 | 001 209 488 465
CRD 090 1,06 29 136 | 28 214 3,67 390
XU100 | 1,06 107 093 067 | 17.64 2729 2403 21,11
Panel C. SVARX(7) Model
. CPI GDP
Variables 4 8 16 2 4 8 16
WCPI 498 803 540 1.82 | 920 563 912 819
EFFR 049 111 048 020 | 1.14 997 1441 949
GDP 167 088 104 420 | 97,02 56,13 27,66 21,14
CPI 83,66 68,14 4898 3310 | 977 855 549 3,0
M1 0,16 1,16 244 703 | 404 313 352 486
EPR 299 804 1471 1508 | 573 1821 2847  18.89
EXR 6,05 12,64 2694 3858 | 504 10,63 1134 3372
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Table 4 reveals that the exchange rate, interest rate and liquidity shocks account
for the majority of the variance in GDP over the next four years, while GDP shocks
explain the majority of the remaining residuals in the VAR(5) model. This result is
compatible with prior empirical evidence that interest rate and liquidity fluctuations have
long-run effects on economic activity. On the other hand, demand and liquidity shocks
explain the majority of CPI variations in the long run, as well as its own innovation.
Furthermore, it seems as if the exchange rate has a substantial impact on the CPI over
time. In the VAR(7) model, asset price and liquidity shocks are the main drivers of the
fluctuations in real output. It is rather logical that M 1 has a significant effect on real output
through balance sheet and liquidity channels. The asset price channel, also considered a
wealth effect, has a large explanatory power for real output, since rising asset values may
act as a stimulant for investment and future spending, as emphasized by Tobin (1978).
Additionally, since stock prices represent the discounted value of future cash flows, profit
and revenue, the equity index may serve as a conduit for expectations or a leading
indicator that influences future GDP growth. After sixteen quarters, exchange rate and
interest rate shocks are the main drivers of inflation, indicating that both the nominal
exchange rate and the policy actions carried out by the central bank are cornerstones in
forming inflation expectations in Turkey. These results largely corroborate those of
Perera and Wickramanayake (2013) in Sri Lanka, who used a similar approach to mine.
As for the SVARX(7) model, interest rate shocks have a meaningful and much larger
effect on inflation and real output than the VAR(5) model. Exchange rate innovation is
still the main driver of the fluctuations in CPI and GDP over time. This result, known as
exchange rate pass-through in the economic literature, is compatible with the findings for
open small economies. The fed funds rate, which serves as a barometer of global demand
and liquidity, and the world commodity price index, as an indicator of cost channel, have

a similar, though small, effect on real output level over time.

3.4.2. Sectoral Monetary Transmission Mechanism

Similar to the general monetary transmission mechanism analysis, the
effectiveness of the monetary transmission mechanism and the different transmission
channels for different sectors are examined by impulse response functions and variance
decomposition analysis. The dynamic responses of endogenous variables to a one-time

shock in the effective policy rate, implemented by CBRT, are as follows.
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Figure 5. Effectiveness of the sectoral monetary transmission mechanism with
combined impulse response functions.

Figure 5 shows that an increase in policy interest rate by the CBRT initially brings
about a rise in sectoral contributions to GDP, except for the services sector. Monetary
policy tightening initially brings an inverse U-shaped trajectory in output, which bottoms
up in the second quarter and finally leads to a decline in sectoral output level. At first
glance, it may seem counterintuitive, but the share of interest expenses in the total
expenses of firms is very small, so it does not affect their production and pricing
mechanism much. In fact, firms operating in the agriculture, industry and construction
sectors need less working capital compared to those in the service sector. It is estimated
that stock turnover ratios increase in response to an increase in the cost of inventory
holding in an environment where interest rates rise. Therefore, changes in interest rates
can be reflected in prices within a short period of time. In an environment where interest
rates are increasing, firms operating in the agriculture, industry and construction sectors
primarily increase their production by bringing forward their production in the next period
and selling their stocks, resulting in sectoral production increasing. The rise in production
creates a positive supply shock and causes sectoral producer prices to go down. On the
other hand, there is price stickiness in the services sector due to non-tradable goods.
Moreover, firms in the services sector are extremely sensitive to interest rate changes
because of their higher working capital requirements and higher leverage. A positive
shock in the interest rate and, therefore, the exchange rate reduces sectoral production and
increases the transitivity of inflation is in line with the findings in Figure 5. Furthermore,
because it affects household consumption and saving behavior, it also affects firms'

intertemporal production and inventory decisions. The Figure 5 illustrates that CBRT’s
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policy actions have a statistically and economically significant effect on both the sectoral
output level and the sectoral pricing dynamics in Turkey.

To determine the explanatory power of monetary transmission channels on the
target variables, the VAR(6) model, containing all the channels for the different sectors,

reveals the relative importance or explanatory power of each channel'®,

Panel A. Agriculture Sector

(i) Sectoral producer prices (j) Sectoral production
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Panel B. Industry Sector
(k) Sectoral producer prices (1) Sectoral production
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Panel C. Construction Sector
(m) Sectoral producer prices (n) Sectoral production
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18 Firstly, VAR(7) model is established for sectoral monetary transmission mechanism analysis in a similar
way to the general monetary transmission mechanism analysis, but the liquidity indicator, M1, is removed

from the model due to its low explicability.
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Panel D. Services Sector
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Figure 6. Comparison of relative importance of different channels
with combined IRFs for different sectors

Figure 6 suggests that the SPPI and SGDP responses to an EPR shock are
compatible with Figure 5 and Table 4. The responses of SPPI and SGDP are seriously
distinct when blocking the exchange rate channel for all sectors and the interest rate
channel for the construction sector, respectively. In a small open economy with a high
dependence on imports in production, such as Turkey, the emergence of the exchange
rate channel as the most important channel is in line with expectations. Moreover, the
findings of the analysis coincide with the emphasis made on the importance of the interest
channel, especially by representatives of the construction sector.

Additionally, the variance decompositions for each targeted variable are computed
across a range of forecast horizons to ascertain the extent to which fluctuations in an
endogenous variable are driven by given shocks in explanatory variables. The primary
emphasis is on the extent to which changes in sectoral SPPI and SGDP as targeted
variables are explained by which monetary policy channel across forecast horizons of two

to sixteen quarters.

Table 5
Variance decomposition of the sectoral producer prices and production

Panel A. VAR(6) Model for Agriculture Sector

Variables SPPI SGDP
2 4 8 16 2 4 8 16

SGDP 3498 31,09 24,84 1537 | 74,84 68,86 67,90 67,61
SPPI 60,71 58,29 50,17 38,89 | 23,76 26,87 27,16 27,32
SCRD 0,11 0,53 0,75 0,79 0,00 0,45 0,43 0,43
SXU100 1,64 1,93 2,39 1,77 0,04 0,63 0,92 0,96
EPR 0,62 0,85 1,42 6,10 1,36 2,63 2,83 2,85
EXC 1,94 7,32 20,42 37,09 0,00 0,56 0,76 0,82
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Panel B. VAR(6) Model for Industry Sector

. SPPI SGDP
Variables 2 4 8 16 2 4 8 16
SGDP 8,35 7,47 11,41 16,79 | 78,03 57,11 38,15 20,66
SPPI 79,33 68,55 5198 54,31 2,79 3,07 4,06 37,73
SCRD 7,13 6,62 5,42 3,56 2,92 491 9,85 8,09
SXU100 0,02 2,60 1,97 3,06 9,31 19,88 15,55 4,94
EPR 4,74 8,48 8,34 3,82 2,41 2,55 3,36 5,78
EXC 0,42 6,28 20,88 18,47 4,54 12,47 29,03 22,80
Panel C. VAR(6) Model for Construction Sector
Variables SPPI SGDP
2 4 8 16 2 4 8 16
SGDP 5,00 5,65 3,35 2,57 79,02 66,07 56,51 50,06
SPPI 92,45 8223 5522 43,05 | 10,28 14,23 12,26 15,55
SCRD 1,58 1,98 3,13 3,42 2,82 2,56 2,58 2,59
SXU100 0,53 0,86 0,86 4,96 1,30 1,25 2,39 6,11
EPR 0,22 6,13 10,52 7,03 4,41 12,14 12,67 12,26
EXC 0,21 3,15 26,92 38,97 2,16 3,75 13,59 13,44
Panel D. VAR(6) Model for Services Sector
Variables SEEI SGDP
2 4 8 16 2) 4 8 16
SGDP 9,18 19,48 28,47 27,02 | 78,06 6195 51,31 46,14
SPPI 81,83 57,55 25,31 8,11 6,47 10,21 10,90 10,40
SCRD 1,61 4,52 6,88 8,22 0,04 1,85 1,73 2,71
SXU100 0,61 0,92 1,01 0,81 0,19 1,17 2,50 3,82
EPR 6,65 1540 22,76 12,21 | 15,06 17,29 15,54 13,65
EXC 0,12 2,13 15,58 43,63 0,17 7,53 18,02 23,27

In the agriculture, construction and services sectors, sectoral production and
producer price shocks account for most of the variation in sectoral production. Moreover,
the exchange rate and interest rate shocks explain a majority of the remaining residuals.
Exchange rate shocks, on the other hand, are the primary drivers of variations in sectoral
producer prices. This finding is consistent with previous empirical findings indicating that
exchange rate and interest rate changes have lasting implications for sectoral economic

activity in the long run.

3.5. Concluding Remarks

In this chapter, how and to what extent the monetary transmission mechanism is
successful in Turkey under an inflation targeting environment is revealed. After
reviewing carefully the related theoretical and applied literature on monetary theory,
suitable models are developed for Turkey in the context of a small and open economy.

Various vector autoregressive models are constructed, starting with a baseline model,
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VAR(4), consisting of real output, consumer prices, narrow monetary base and policy
interest rate, and expanding it with the exchange rate, VAR(S), to better understand what
accounts for Turkey's output and inflation fluctuations in a structural vector
autoregressive model, SVARX(7), in which Turkey is assumed to have been affected by
selected external shocks, such as global commodity prices and federal funds rate shocks,
but not to influence the external world. Additionally, a shutdown vector autoregressive
model, VAR(7), is built to illustrate how transmission channels operate and their impact
on real output and price level. In the structural vector autoregressive model, SVARX(7),
a world commodity price index is incorporated as a possible driver of prices and real
output through import prices, as well as the fed funds rate as a measure of demand and
global liquidity. To assess the efficiency of the monetary transmission mechanism across
sectors, a vector autoregressive model, VAR(6), is constructed that incorporates all target
variables and transmission channels.

The narrow monetary base, regarded as a liquidity indicator, and policy interest
rates are the main determinants of the real output level in the baseline and extended vector
autoregressive models, but price levels are controlled by changes in liquidity, income,
and the nominal exchange rate.The policy interest rate implemented by the central bank
and the nominal exchange rate have a significant effect on real output and consumer
prices, whereas external variables have a similar, though small, effect on real output but
not on inflation. These results reveal that the CBRT has the ability to influence Turkey's
real output level and that monetary transmission is effective. Furthermore, while the
exchange rate and interest rate channels have a significant impact on the price level, the
asset price channel, liquidity, and money supply are the most important determinants of
real output.

As for the sectoral transmission mechanism, CBRT’s policy actions have a
statistically and economically significant effect on both the sectoral output level and the
sectoral pricing dynamics in Turkey. An increase in policy interest rate initially brings
about a rise in sectoral contributions to GDP, except for the services sector. Monetary
policy tightening initially brings an inverse U-shaped trajectory in output, which bottoms
up in the second quarter and finally leads to a decline in sectoral output level. In an
environment where interest rates are increasing, firms operating in the agriculture,
industry and construction sectors primarily increase their production by bringing forward
their production in the next period and selling their stocks, resulting in sectoral production

increasing. The rise in production creates a positive supply shock and causes sectoral
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producer prices to go down. On the other hand, firms in the services sector are extremely
sensitive to interest rate changes because of their higher working capital requirements,
higher leverage and price stickiness. A positive shock in the interest rate and, therefore,
the exchange rate reduces sectoral production and increases the transitivity of inflation.
Moreover, the exchange rate channel is the key driver of the price level and real output
for all sectors, as well as the interest rate channel for the construction sector. As a policy
recommendation, the fact that the exchange rate channel is important in both the general
and sectoral monetary transmission mechanism requires the implementation of a
monetary policy that prevents high volatility in the exchange rate in order to avoid

negative production and price shocks on both a general and sectoral basis.
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CHAPTER IV

OPTIMAL MONETARY POLICY

4.1. Introduction

Optimal monetary policy is a set of monetary policy rules that minimizes well-
being, i.e., the loss function. The optimal interest rate, the most important tool in this set,
is the rate that maximizes expected utility in intertemporal consumption choice. Monetary
policy is close to optimal in developed countries because of low output gap and inflation
deviations. However, it is quite difficult to implement optimal monetary policy in
developing countries due to high inflation deviations, exchange rate volatility and output
gap.

This chapter figures out several monetary rules’ performances for a small open
economy under the new Keynesian economic model. Taylor rule, which is the most
widely used rule, was developed for closed economies in which financial assets are
perfect substitutes and the exchange rate channel is considered to be irrelevant. Thus, it
seems feasible to integrate these two ideas into an economy like Turkey, as a country that
trades extensively with the rest of the world, which may find that standard Taylor rule
cannot be the most efficient. However, since the financial market is so small, long-term
and short-term government bonds are not always perfectly substituted.

Following the global financial crisis in 2008, the economic landscape underwent
unprecedented changes. The role of financial frictions in the dynamics of the economic
cycle has been the topic of much research. Developing innovative estimation techniques
like general equilibrium models allows to underline the financial sector's role as an origin
of business cycle volatility and a propagator of unfavorable shocks, which has hitherto
been overlooked. There has been significant debate about how to preserve economic
stability in the face of financial friction that is vulnerable to external shocks. As a
consequence, a combination of macroprudential and monetary policy tools has been
developed to achieve economic and financial stability.

As for the theoretical framework, the aggregate demand level is determined by a
weighted average of long-term and short-term bond interest rates under the canonical new
Keynesian model. The Phillips curve, which represents aggregate supply, implies that
prices are inflexible and do not shift quickly in response to changes in demand and costs.

The uncovered interest rate parity and nominal exchange rate serve to propagate external
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shocks across the local economy. The optimal allocations are determined by inspiring the
seminal paper by Ramsey (1927) in a recursive form. Given the competitive economy's
equilibrium circumstances, this allocation is a series of nominal interest rates that
maximize the discounted total of the representative agent's utility. Following the
exemplary paper by Batini et al. (2003), a complete set of 10 monetary rules is constructed
and the welfare-based loss functions are computed.

When it comes to the estimation side, the prior knowledge as well as the maximum
likelihood function are used to come up with a posterior distribution for the model's
parameters, which is the source of the fluctuation. The likelihood function is computed
by using the Kalman filter, and the posterior distribution for each rule is drawn by
employing the random walk Metropolis-Hastings algorithm to construct Markov chains.
Additionally, each rule in the model is compared using the Bayes factor and marginal
probability. To decide which rule is the best and matches the data, some criteria such as
minimizing the loss function and minimizing the difference between the prior and
posterior distribution are taken into consideration.

The stochastic simulations show that the rules based on nominal exchange rate
and domestic inflation forecasts perform well for Turkey in terms of both minimizing the
loss function and responding to internal and external monetary policy shocks. However,
the estimation findings illustrate that the domestic inflation forecast rule is the most
compatible with data and is the most effective rule to respond to productivity, preferences
and world price level shocks. Furthermore, domestic inflation forecasting and exchange
rate rules outperform the Taylor rule in terms of minimizing the loss function and
responding to shocks. Despite an explicit inflation targeting regime being followed in
Turkey since 2006, Central Bank of the Republic of Turkey (CBRT) implements a
comprehensive set of monetary rules against each kind of shock.

Nevertheless, external shocks may erode competitiveness and cause domestic
interest rates to rise in lockstep. According to Banerjee et al. (2015), a negative
international monetary shock would result in a decrease in capital flows and a devaluation
of the currency in emerging markets. Additionally, optimum policies do not need
international coordination. According to Kolasa and Wesolowski (2018), advanced
economies' monetary stimulus with zero-bound interest rates has collateral effects on
capital flows, resulting in a rise in the term premium's international co-movements and a
currency rate appreciation in emerging economies.

As proposed by Schorfheide (2000), Smets and Wouters (2007), Fujiwara et al.
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(2011), Brzoza-Brzezina and Kolasa (2013), Merola (2015), Villa (2016) and Zams
(2021), Bayesian techniques are used in this chapter. As a result, the estimated parameters
suggest that the international interest rate shock is less volatile, while the global price
level shock is more persistent. For example, compared to the empirical findings in this
chapter and in Miranda (2020) for Peru, whose econometric methodology is very similar,
an exchange rate rule increases welfare and a domestic inflation forecast rule fits for data
in Turkey; however, an exchange rate rule is optimal for both criteria in Peru.

The adjustment costs associated with the long-term and short-term government
bond portfolios have contributed to the study of an open economy. Also, considering
portfolio adjustment costs, when real interest rates breach the zero-lower limit, in fact,
negative territory in the economy, large-scale asset purchases occur. By carrying out a
dynamic stocastic general equilibrium (DSGE) model, Andres et al. (2004) assess the
optimal monetary rule in a closed economy under the financial assets’ imperfect
substitution. This change adds another channel for aggregate demand and long-term
returns to be affected by the relative prices of financial assets. Harrison (2012) carries out
a new Keynesian model in a closed economy with imperfect long-term and short-term
bond substitution to evaluate a policy in which asset purchases by central banks are
considered as an unconventional monetary policy tool to help stabilize the inflation level
and output gap, which are pushed to their lower limits by a negative demand shock.

Interest rates have not yet hit their lowest point in an economy like Turkey, but
there remains a small margin to cover. The interest rate pass-through, i.e., the interaction
between the policy interest rate implemented by CBRT and the long-term interest rate, is
insufficient. Therefore, the importance of monetary policy is reduced. It is worth noting
that CBRT has carried on an expansionary monetary policy since April 2020, ensuring
that the policy interest rate continues to decline from September 2021 onwards.

At the moment, the domestic capital market is receiving a small amount of money
as a consequence of non-resident investors' decreased demand for sovereign bonds.
Compared to Vega (2015), this study evaluates the optimum monetary rule with a stronger
focus on capital flows, the domestic economy's dollarization process, and the long-term
bond market. These suppositions seem more reasonable in light of the political and
economic situation in Turkey.

The rest of this chapter is structured sequentially. Section 4.2 manifests the new
Keynesian economic framework for a small and open economy with the financial

frictions, including how equilibrium is established, thus bringing out the monetary rules
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and loss function. Section 4.3 explains the calibration process of the parameters. Section
4.4 points out the data, the estimation, the comparison, and the priors for each rule in the
model. Section 4.5 summarizes and examines the findings by following the concluding

remarks in Section 4.6.

4.2. The Model

Following the exemplary papers by Gali (2015) and Harrison (2017), the open
economy model with financial frictions is built. The uncertainty in this economy results
in the supply and demand sides; monetary policy, preferences, productivity, international
price level and interest rate shocks. Each example discusses the monetary policy
implications, with a special address to the principles that the central banks presently
employ to construct monetary policy. Given that the domestic economy trades with the
rest of the world, it demonstrates how a simple extension of the new Keynesian model in
an open economy can be used to emphasize the determination of optimal monetary policy
and its contribution to economic fluctuations, welfare and inflation stability. By inspiring
Harrison (2017)’s model, it is feasible to concentrate on determining the optimal
monetary rule when households suffer from adjustment costs associated with their

government bond portfolios due to budget constraints.

4.2.1. Households

It is assumed that a set of identical households, which have infinite lives, populate
the economy. It allows them to maximize their discounted utility function by analyzing

their behavior as a representative agent.

ct=o-1  N*®
1-o 1+¢

max Eo Xi20 Btgt{
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where £ is the discount factor, ¢ is the risk aversion coefficient, ¢ is the inverse elasticity
of the labor supply, known as Frisch elasticity, and g; is the preferences shock affecting
the natural real interest rate.

Equation (70) maximizes under the budget constraint, which covers the portfolio

adjustment costs, Y.
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where B and B! are the short-term and long-term government bonds, Q¢ t+1 1s the asset
price, A;4q is the state-contingent assets, [E; is the conditional expectation of Q..+, and
A¢yq, Cy is the consumer goods, P, is the consumer price index, B_; and Bf_, are the
nominal long-term and short-term government bonds purchased in previous period and
their returns R} and R,_; per bond, N, is the working time, W, is the nominal salary, T;
is the net taxes or transfers, D; is the dividends of the company, 1, is the portfolio
adjustment costs R} and R, are the long-term and short-term interest rates, § is the long-
term versus short-term government bonds ratio, b! and bS are the nominal long-term and
short-term government bonds in the steady-state. While the left side of the equation (71)
covers the spending, the right side of that covers the income in an economy'.

Tlim E;Q;7+1{R:B; + R{41B{ + A1} rtestricts the net nominal liabilities of the

households to an amount lower than the nominal interest rate, which implies that
households renew net debts forever.

Consumer spending, C;, includes spending on domestic and imported goods.
Pl = PyiCar + PrtCnye (72)

where Py , is the domestic price index, Py, + is the imported price index which is expressed
in domestic currency, Cy, is the domestic goods’ consumption index and Cp,, is the
imported goods’ consumption index. All of these indices are specified as constant

elasticity of substitution function.

1 -1 1 Uik Py
C; = [(1 —a)1Cqr " — A1Cpe M ] (73)
n
1 on-t 1 L/t § Py
P, = [(1 — a)nPd,t M —anPpy " ] (74)

19 Noted that the government bonds are substituted imperfectly and have adjustment costs in a quadratic

form. Because of brokerage costs, portfolio adjustment costs are a convex function.
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where a is the openness degree, 1 is the substitution degree between these goods.

Domestic and imported goods’ consumption is specified as follows.

€

Cae = (f] Cac e i)™ (75)

€

Cme = (J; Cre Y 7)) (76)

where i € [0,1] and j € [0,1] denote the domestic and imported goods varieties, Cg ¢ (i)
is domestic individual consumption and C,, (j) is imported individual consumption, € is

elasticity of substitution. The domestic and imported goods’ price index reads as follows.

1

Pae = ([ Pae (0 5di)"™ (77)

1

Pre = ([ Pme () 20)) (78)

where Py (i) is domestic price of good i and Py, ;(j) is imported price of good j, which
is expressed all in domestic currency. The domestic and imported goods’ demand is

defined as follows.

, Pac@\  (Car\T

Car®) = (1 - ) (P22} (%), (19)
. Pre@) © (Cme) "

Cm,t(l):a<ﬁ(tl)) (P—tt) Ce (80)

The equations (79) and (80) show the optimal allocations based on the diversity of
domestic and imported goods.
Taking the derivative of the utility function, equation (70) under the budget

constraint, the first-order condition reads as follows.
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where E,¢é,,, is the expected consumption, R, is the nominal interest rate, E, 7, is the
expected inflation, b§ and b} are the short-term and long-term real bond holding and §,
is the preferences shock, which follows an first-order autoregression (AR(1)) process, i.e.,
J¢ = Pgfi—1 + € and &) ~iid(0,02). Equation (81) is also known as Euler equation®.

Expected long term nominal interest rate denoted as,
EcRivy = Re = 8y[bf — bt] — yA[bg — bf] + BYEcA[bZy — bisi] (82)

1+46)? . . .
where y = %. Equation (82) reveals that the long-term interest rate expectation covers

the long-term and short-term bonds held by households. As a result, a rise in the short-
term bonds held by households lowers the nominal long-term interest rate, thus boosting

demand.

4.2.2. Firms

It is assumed that the monopolistic competition environment is set in the goods
markets. Each firm produces differentiated goods which are purchased by households and

is indexed by i € [0,1]. The production function is denoted as follows.

&

= oT )™ (83)

where Y; is the aggregate domestic product. Firms have a constant return production

function, which reads,

Y (i) = AN (D) (84)

20 Pollowing the method of Uhlig (1995), each variable, which is marked with a circumflex, is specified in
log-linear form. %, = log(x,) — log(xs;) where X; is the deviation of x; from xg, i.e., its steady-state

value.
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where Y; (i) is the output of firm i, A, is the technology level which evolves exogenously
and N, (i) is the labor level of firm i. Following the seminal paper by Calvo (1983), a
staggered pricing strategy is followed by domestic firms. The objective function of the

firms represents,

o < w
max E; Y, Qt,t+k9k {Pd,t -1-9) _At+k} Yivk| ¢
-~ t+k
Pay

(85)

where ﬁd't is the price that maximizes the market benefits’ present value, Q¢ ¢4y is the
stochastic discount factor, 6 is the probability of re-optimizing the price, S is a subsidy

that compensates for the distortion caused by companies' market dominance.

4.2.3. Important Identities

Terms of trade represents the difference between the imported and domestic price

index.
tty = Pme — Part (86)
where £t, is the terms of trade, p, ; and Py, are the imported and domestic price index.

The consumer price index consists of domestic and imported price indexes. It can

also be represented in terms of the identity's terms of trade.

pe=(1— a)ﬁd,t + aﬁm,t (87)
D = ﬁd,t + a,%t (83)

where P, is aggregate consumer price index, a is openness degree.

The inflation rate shows the rate of change in CPL

e = Dt — Pr-1 (89)

ﬁd,t = p’\d,t - ﬁd,t—l (90)
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fty = g, + a(tt, — tte_q) (C2Y)

where 7, is the inflation and 7 ; is the domestic inflation. The inflation can be written in
terms of terms of trade, as indicated by equation (91).

The nominal exchange rate can be defined as,
ér = ﬁ:t —p; + ﬁd,t 92)

where é; is the nominal exchange rate, p; is the world price level represented by a shock,
Dt = pprPi-1 t+ el and ef ~iid(0, ag*). It is a crucial assumption that the law of one
price is valid for all periods.

Real exchange rate can be written as,
4t = Dm,s — Pt 93)
4. = (1 - a)tt, 94)

where §; is the real exchange rate.

Uncovered interest rates parity reads,
Rt = R; + Etét+1 - ét (95)

where R} is the international interest rate represented by a shock, which follows an AR(1)
process, i.e., R; = pp-Ri_; + &l and ¥ ~iid(0,02). It is assumed that a flexible
exchange rate regime is related to perfect capital mobility. Beginning with the difference
between international and domestic interest rates, the nominal exchange rate gradually
adjusts.

Exports can be defined as,
X, = aTT,\ Yy (96)

where TT is the steady state value of the terms of trade, Y; is the world product level.

Equation (96) presumes that the preferences of domestic households and the rest of the
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world are identical, which implies the world product level is equal to international
consumption, C; = Y{.

International risk sharing reads,

1-a\ ~

A ax 1

Ce =Yt + ) + (T) te 97
The Phillips curve reads,

ﬁd,t = BEtﬁd,t+1 — Al (98)

where A = (1—0)(1— p0)/0, E;fig ¢4, is the domestic inflation expectation, fl; is the

markup gap.

4.2.4. Equilibrium

By combining the equations (79), (83) and (96), domestic goods market

equilibrium reads,

Je =1 —a)é, + a(2 — o)ntt, + ay; 99)
Terms of trade may be defined using the equation (97) and (99),

tty = 0a(J: — 9{) — (1 — ) pg; (100)

where 0, = 0¢p, P = and w =on+ (1 + a)(on —1).

(1+a(w-1))

Using the equation (81) and (91), consumption function reads,

n A 1 1 = A 1) =~ -~ 1
Ce = E¢Ceyq — ;{mRt — Eftg s + mEtRéﬂ} + %EtAttt+1 +- (1 - Pg) (101)
The equations (99), (100), and (101) results in the dynamic IS equation for a small

open economy.

-

~ A 1(1 a R ) PN o 1 ~
Ve = EYry1 — a_a{mRt —Eiftg4q + mEtRé+1} + ILEAY i +— (1 - pg)gt (102)

g
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where I, = aw — a. The dynamic IS curve covers the weighted average of the long-term
and short-term interest rates. The equation (102) denotes the aggregate demand.

The markup gap can be defined as,

e = —(0 + @)y + alw — Dit, + (1 + @)a, — ag, (103)
Using the equation (98) and (103), the Phillips curve reads,

flae = BEMges1 + kP — Aa(w — Dit, — A(1 + p)a; + Aag, (104)

where Kk = A(0 + @), @, is the productivity shock that follows an AR(1) process, i.e.,
= pal;_1 + &f and e2~iid(0, 02). Equation (104) indicates that while the production
level has a positive impact on inflation, the terms of trade have a negative impact.

Moreover, productivity and preference shocks influence inflation.

4.2.5. Monetary policy

Following the exemplary paper by Batini et al. (2003) and Miranda (2020),
different monetary rules that can be implemented by the central bank are revealed in Table
6. The main assumption is that the changes in policy interest rates are transmitted to an
emerging economy, like Turkey, through short-term nominal interest rate and then real

interest rate.

Table 6
Definition of different policy rules
Rules Formulations
Rule 1 Re = @nfty + ét
Rule 2 R = ouftgr + &
Rule 3 et =0
Rule 4 Rt = (Pnﬁt + (prt + é—\t
Rule 5 Re = @nfiqe + @ik + &
Rule 6 R = 0rReoy + 0nflar + 2% + &
Rule 7 Ry = 0rRocq + @rpflyren + @ufe + &
Rule 8 Ry = orRocq + 0nftar + Qe + &,
Rule 9 Ry = @riRiss + @roftar + @raftaea + OxoRe + OxaRecq + Paeléy + @yt + &,

Rule 10 R. = rRiq + @uftyr + 02 + 96y + &,
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@, 1s the inflation coefficient, ¢, is the output gap coefficient, ¢y is the interest rate
smoothing coefficient, ¢ is the domestic inflation forecast based coefficient, ¢, is the
exchange rate coefficient, ¢, is the terms of trade coefficient, &, is the monetary policy
shock that follows an AR(1) process, i.e., & = pgét_l + 85 and ef~iid(0, 0'5).

Rule 1 is the consumer price index inflation targeting regime. Rule 2 is the
domestic inflation targeting regime. Rule 3 is the fixed nominal exchange rate regime,
the benefits of which are discussed by Banerjee et al. (2015). Rule 4 is an extended version
of Rule 2 with an output gap, also known as a Taylor-type inflation targeting regime,
which does not cover the exchange rate channel. Rule 5 is a Taylor-type domestic
inflation targeting regime. As indicated by Orphanides (2003), Rule 6 covers the inertial
component of the interest rate. Rule 7 is a domestic inflation forecast-based rule, as
revealed by Batini and Haldane (1998). Rule 8 covers the nominal exchange rate channel
in the monetary transmission mechanism. Rule 9 is a modified version of Cabrera et al.
(2011) and indicates that interest rates are a function of the fluctuations in domestic
inflation, nominal exchange rate, output gap and terms of trade. Rule 10 is the extended

version of Rule 8 with an output gap.

4.2.6. Welfare

The profit-based loss function can be used to evaluate and compare the welfare
level of various monetary rules. To get the most acceptable welfare criterion, it is feasible
to derive second order approximation of the domestic representative consumer’s

discounted utility loss related to deviations from optimal policy.

o (1-a)e (1-a)(1+9) .
L=YR2 0Bt R, +—— &7 (105)

Under the financial frictions in a small and open economy, it can be assumed 0 = n = 1.
The loss function, L, is denoted by the output gap and domestic inflation at equation (105)
and it can be expressed in terms of their variance by taking the unconditional expectation

of equation (105) and leaving  — 1.

(1-a)e

V==

var(%,) (106)

~ (1-a)(1+9)
var(nd,t) + —
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The loss function, L, accounts for a significant portion of welfare loss. This is
unavoidable, but significantly mitigated when the central bank commits to policy

objectives that include maintaining low interest rates for a long time.

4.3. Calibration

To explore the optimal monetary rule for Turkey, this part presents an illustrative
configurationm. The discount factor, f, which is one of the main parameters for
households, is calibrated at 0.9928, which means that the annual risk-free real interest rate
is about 3% (Alp and Elekdag, 2011; Yuksel, 2013; Can et al., 2021). Compatible to
current literature, it is assumed that the intertemporal elasticity of substitution, o, is 1
(Alp and Elekdag, 2011; Yuksel, 2013). The inverse of labor supply elasticity, ¢, is
assumed to be 1, which indicates a unit elastic labor offer that could be more sensitive to
wages (Alp and FElekdag, 2011; Yuksel, 2013). To allow the openness of degree
parameter, a, to replace a natural index indicating the external openness of the economy,
the elasticity of substitution between goods in the domestic market, &, is calibrated at 1.
As indicated by Cebi (2012) and Yagcibasi and Yildirim (2017), the Calvo parameter, 6,
is assumed to be 0.5, which means the average duration of the change in prices is about
two-quarters. As shown by Alp and Elekdag (2011) and Yuksel (2013), the openness
degree parameter, a, is 0.75, which implies a 75% share of household goods in the
consumer basket. The elasticity of intratemporal substitution between imported and
domestic goods 7, is set to 1, implying an environment where one can easily substitute
imported goods with domestic goods. The long-term versus short-term government bond
holding rate, §, is assumed to be 3 in the literature for emerging markets (Kuttner, 2006;
Harrison, 2012).

The monetary rule parameters are in line with the studies of Henderson and
McKibbin (1993), Taylor (1993) and Ball (1999). As indicated by Cebi (2012), Yagcibasi
and Yildirim (2017) and Can et al. (2021), the interest rate smoothing parameter, @g, is
calibrated at 0.7, implying that the policy response of the central bank to various
innovations does not directly occur. Moreover, the inflation deviations and output gap

parameters, ¢, and @,, are calibrated at 1.5 and 0.25, respectively, which are widely used

21 The parametrization process depends on various studies for Turkey, historical values of the variables and
my own estimates. Although there are very few studies that include the DSGE model for Turkey, some of

the parameters’ values are assigned based on studies conducted for emerging economies.
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values for Taylor-type rules in emerging markets. Based on Batini et al. (2003) and
Cabrera et al. (2011), the coefficient of domestic inflation forecast based, @z, Pr1> @ro>
Pr1s Pxo> Pxis Paer Pre, are set 5, 0.763, 0.107, 0.028, 0.346, 0.062, 0.053, and 0.082
respectively, for an emerging economy.

The autocorrelation coefficients of the monetary policy shock, pg, technological

shock, pg, preferences shock, pg, international interest rate shock, pg+ and world price

level shock autocorrelation, p,,« are respectively calibrated at 0.5, 0.9, 0.9, 0.9 and 0.95.

4.4. Data and Methodology
4.4.1. The Data

To carry out the empirical analysis, the data set is compiled from the database of
CBRT on a quarterly basis for 2006Q1-2021Q2. The reason for choosing this period is
that the optimal monetary rule can be determined without being exposed to any regime
changes. This choice is consistent with the explicit inflation targeting regime’s validity.

The set of observables, y, = {y,}1_,, is denoted as,
y: = [logYy, logC,, logm,, logR,| (107)

where y, is the vector of observables, Y; is production, C; is private consumption
expenditure, T, is consumer price index inflation and R, is the policy interest rate®*. The
production and private consumption expenditure data are seasonally adjusted with the
Census X-13 method, and detrended with a one-sided Hodrick-Prescott filter?®. All
parameters are linearized around their steady-state values.

Also, the parameters to be estimated, i.e. the exogenous shocks’ autocorrelation

slopes and standard deviations, are included in the parameter vector, 6.

9 = [pf; pa; pg; pR*) pp*) O-f) O-ai O-g) O-R*P O-p*] (108)

The choice of a priori values is based on many considerations. First, the structural

22 Private consumption expenditure is equal to the sum of household and non-profit institutions serving
households’ consumption.

23 For more detailed information about the data transformation process, see Pfeifer (2014).
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parameters choice reflects the judgment of researchers on the structure of the Turkish
economy. Second, the absence of studies analyzing the microeconomic foundations in
order to learn the estimated parameters for Turkey has been overcome by using the results
of other studies of emerging countries. Last, the choice of a priori is also reflected by the
imposition of non-negativity constraints. This is because the beta distribution was used to
confine parameters within a unit interval. The inverse gamma distribution was chosen to
consider the accuracy of the shocks.

It is assumed that the autocorrelation coefficients of all shocks have a beta
distribution, but their standard deviations have an inverse gamma distribution. In Table

7, the a priori distributions of parameters and standard deviations are revealed in detail.

Table 7
A priori densities of the model parameters
Parameters Distribution (Limit) Mean SD
Pe Beta [0.1] 0.50 0.01
Pa Beta [0.1] 0.90 0.01
Py Beta [0.1] 0.90 0.01
PR Beta [0.1] 0.90 0.01
Pp* Beta [0.1] 0.95 0.01
Os Inverse Gamma [0.0] 0.10 0.02
Oq Inverse Gamma [0.0] 0.40 0.02
o Inverse Gamma [0.0] 0.20 0.02
OR* Inverse Gamma [0.0] 0.20 0.02
Op* Inverse Gamma [0.0] 1.00 0.02

4.4.2. The Methodology

For various apparent reasons, the Bayesian approach was used in this work.
Several researchers indicate that Bayesian methodology have an advantage that it allows
complete characterization of uncertainty in estimating structural parameters in estimating
structural parameters by simulating posterior distributions. This methodology also
provides an elegant way to incorporate a priori parameter information from both
microeconomic studies and previous macroeconomic exercises and, therefore, creates a
connection between calibration-based literature and rigorous policy analysis.

Another point to note is that DSGE models usually have a singularity because they
generate predictions on a large number of observable endogenous variables compared to
the exogenous shocks used to feed the model. This implies that there is a linear

combination between the variables that is true in the absence of noise. The Bayesian
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method applies even in the case where the variance-covariance matrix of endogenous
variables is singular, whereas this is a problem in the case where the maximum likelihood
method is used.

The Bayesian approach assumes that each model has a set of unknown parameters
0 € 0 associated with it. The objective of implementing a Bayesian estimate is to
characterize the posterior distribution of the model parameters. From Bayes' theorem, the

posterior distribution can be obtained as follows:

L(yt|9)p(0)
P(O1y) = Frotoh S o (7:10)p(6) (109)

where p(@) indicates the density a priori of the vector parameter @, L(y;|0) is the
likelihood of the sample y, with T observations and [ L(y;|@)p(©)d@ corresponds to
the unconditional density of a sample.

Knowledge of the posterior distribution makes it possible to implement Bayesian
inference. In general, the goal of Bayesian inference can be expressed by E[g(0)|y;]

where g(0) is a function of interest, defined by:

— __Jg@p*elydde _ [g(@)L(yt|@)p(0)de

where p*(O|y,) < p(O|y;) «< L(y:|0)p(O) is any posterior Kernel density for &. To get
the posterior density results, the random walk Metropolis-Hastings algorithm by
constructing Monte Carlo Markov chains, in short, RWMH-MCMC, is implemented.
The Kalman filter is used for this purpose in order to obtain the likelihood in order
to obtain the results inherent in the posteriori distribution. Indeed, the model described

above can be rewritten in a state-space form as follows:
$r=F(0) +G(0)g (111)
Y, = H(O)gp, (112)

where F(@), G(0) and H(O) are non-linear functions of the vector @ of the structural

parameters. §, represents the vector of state variables, including endogenous and
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estimated variables. &,~iid(0,]) represents the vector of the innovation shocks. The
state-space representation is described by the transition equation (111) and the

measurement equation (112).

4.5. Empirical Findings

To indicate which monetary rule is most effective, the value of the loss function is

calculated under all and individual shocks, respectively.

4.5.1. All Shocks

Table 8 shows the effectiveness of various monetary policy rules in the presence of all

shocks.

Table 8

Monetary rules under all shocks
Rules a(y) g(X) o(7y) a(m) a(tt) ag(Ae) L
Rule 1 2.304 0.686 3.968 3.985 2.545 4.128 0.040
Rule 2 2.480 0.611 3.905 4.068 2.727 4.280 0.039
Rule 3 2.238 0.682 0.984 0.930 2.478 0.000 0.004
Rule 4 2.315 0.644 3.789 3.809 2.558 3.961 0.037
Rule 5 2.472 0.569 3.733 3.892 2.720 4.109 0.035
Rule 6 2.486 0.544 1.024 1.542 2.735 2.048 0.003
Rule 7 2.483 0.549 0.841 1.426 2.732 1.960 0.003
Rule 8 2.356 0.499 0.795 1.081 2.604 1.369 0.002
Rule 9 2.494 0.561 1.178 1.842 2.826 2.848 0.021
Rule 10 2.357 0.466 0.758 1.041 2.605 1.349 0.002

According to Rule 1 and Rule 2, the deviations of the variables are generally high
compared to other rules. The greatest volatility results from reacting to consumer price
index inflation. As a result, responding to domestic inflation efficiently minimizes the
loss function. Generally, central banks enforce inflation tolerance ranges to keep inflation
from changing excessively. In Rule 3, the deviations of the variables decrease compared
to the first two rules, and the nominal exchange rate is zero. However, since this regime
weakens the effectiveness of the monetary policy, it will not be considered later. As for
Rule 4 and Rule 5, the deviations of the variables decrease compared to the first two rules.
As a result, responding to the output gap with domestic inflation efficiently minimizes
the loss function. The advanced economies’ central banks use these rules for adverse

shocks. In the Rule 6 and Rule 7, the deviations of the variables decrease compared to the
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previous two types of rules. Responding to future inflation, to the nominal interest rate’s
smoothing component, and to the output gap is more effective for minimizing the loss
function. As stated by Batini et al. (2009), incorporating the exchange rate into the
monetary rule yields significant benefits in a highly dollarized economy, like Turkey.
According to Rule 8 and Rule 10, responding to the exchange rate and output gap
efficiently minimizes the loss function. As for Rule 9, responding to the nominal
exchange rate variation is less effective for minimizing the loss function. Briefly, Rule 8
and Rule 10, which respond to the exchange rate and output gap deviations, seem the

most effective rules to minimize the loss function.

4.5.2. Individual Shocks

To get a better understanding of why certain rules perform better than others, it is
feasible to re-evaluate the rules using the lower loss function. Assuming the economy is
struck by one sort of shock at a time, it is feasible to determine which rules create
responsive reactions to each of the shocks and whether the rules that perform well do so
due to their robustness to diverse shocks. This is a test of the robustness of each rule's

specification.

Table 9
Monetary rules under individual shocks
Shocks Rules a(y) o) o(fRy) o(@®) a(it) o(Le) L
Rule2 0,462 0462 0,924 1,137 0462 1,222 2,6E-03
Rule5 0,420 0,420 0,840 1,034 0420 1,111 2,2E-03

p(l)\ﬁ‘c’gestﬁgzk Rule7 00294 0294 0,535 0,687 0294 0,747 9,3E-04
Rule8 0318 0318 0431 0638 0318 0715 7,1E-04

Rule 10 0,296 0296 0,404 0,596 00296 0,667 6,2E-04

Rule2 2254 0,040 0376 0,765 2254 00994 35E-04

N Rule5 2256 0,038 0360 0,762 2256 00993 33E-04
e Rule7 2269 0046 0064 0,678 2269 0922 1,6E-05
Rule8 2,174 0,171 0365 0422 2,174 0619 4,0E-04

Rule 10 2,179 0,161 0352 0441 2,179 0642 3.7E-04

Rule2 0835 0025 0235 0478 1409 0621 1,4E-04

proferences  RUIES 0837 0024 0225 0476 1410 0620 13E-04
o Rule7 0,845 0029 0040 0424 1418 0576 6,1E-06

Rule 8 0,787 0,107 0,228 0,264 1,359 0,387 1,6E-04
Rule 10 0,790 0,100 0,220 0,276 1,362 0,402 1,4E-04
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Rule2 0,397 0,397 3,757 3,789 0,397 3,801 3,5E-02

International Rule5 0,381 0,381 3,601 3,632 0,381 3,643 3,3E-02
interestrate  Rule 7 0,461 0,461 0,644 0,960 0,461 1,083 1,6E-03
shock Rule8 0,291 0,291 0,346 0,571 0,291 0,655 5,1E-04
Rule 10 0,271 0,271 0,325 0,533 0,271 0,611 4,4E-04
Rule2 0,016 0,016 0,290 0,290 0,016 1,003 2,1E-04
Rule5 0,016 0,016 0,282 0,283 0,016 1,003 2,0E-04
Rule 7 0,022 0,022 0,032 0,047 0,022 0,963 3,8E-06
Rule8 0,150 0,150 0,376 0,433 0,150 0,633 4,1E-04
Rule 10 0,142 0,142 0,366 0,418 0,142 0,654 3,8E-04

World price
level shock

Table 9 reveals that Rule 10 is the most effective monetary rule to minimize the
loss function under monetary policy and international interest rate shocks. However, Rule
7 1s the most effective monetary rule to minimize the loss function under productivity,
preferences and world price level shocks. When compared to the other rules, the
deviations from the variables in Rules 7 and 10 are smaller.

In the case of individual shocks, the impulse response functions of the selected
variables under the various monetary rules are revealed in Appendix C. Figure 39
illustrates the selected variables’ impulse responses to a 100 basis points (bps) positive
monetary policy shock. When policy interest rates rise, nominal and real interest rates
rise, lowering consumption, products, the output gap, and the consumer price index. On
the external side, the nominal exchange rate appreciates; however, terms of trade falls.
On the financial side, the demand for short and long-term bonds declines, which therefore
gives rise to an increase in long-term interest rates and a decrease in the consumer price
index. As seen in Figure 39, Rule 8 and Rule 10 capture the aforementioned dynamics.
The consumer price index follows a U-shaped trajectory and converges to a steady-state
value. For Rule 2 and Rule 5, the decline in the consumer price index is below 100 bps
and is permanent. For Rule 7, the decline in the consumer price index is also permanent
and below 50 bps.

Figure 40 clarifies the selected variables’ impulse responses to a positive
productivity shock. A rise in productivity declines the natural real interest rate, boosts
natural product and product, and drops the output gap and consumer price index. On the
external side, the nominal exchange rate depreciates; however, terms of trade increase.
On the financial side, as the central bank lowers the policy interest rate, demand for short-
and long-term bonds rises, resulting in a drop in long-term interest rates and an increase
in the consumer price index. As clarified in Figure 40, Rule 8 and Rule 10 capture the

aforementioned dynamics. The consumer price index follows a declining trajectory and
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converges to a steady-state value. For Rule 2 and Rule 5, the decline in the consumer
price index is below 100 bps and is permanent. For Rule 7, the decline in the consumer
price index is also permanent and below 20 bps.

Figure 41 exhibits the selected variables’ impulse responses to a positive
preferences shock. A preferences shock boosts the natural real interest rate and natural
product, diminishes the natural terms of trade, and therefore raises the output gap and
consumer price index. On the external side, the nominal exchange rate appreciates;
however, terms of trade falls. On the financial side, when the central bank increases the
policy interest rate, the demand for short and long-term bonds declines, which therefore
leads to an increase in long-term interest rates and a decrease in the consumer price index.
As indicated in Figure 41, Rule 8 and Rule 10 capture the aforementioned dynamics. The
consumer price index follows an upward and then downward trajectory and converges to
a steady-state value. For Rule 2 and Rule 5, the rise in the consumer price index is above
100 bps and is permanent. For Rule 7, the rise in the consumer price index is also
permanent and above 20 bps.

Figure 42 manifests the selected variables’ impulse responses to a positive
international interest rate shock. The latter gives rise to the capital outflow to the foreign
economy and the depreciation of the nominal exchange rate, which persistently enhances
the competitiveness of the real sector and net exports. As a result, the terms of trade,
product, output gap, and consumer price index all rise. On the financial side, the central
bank raises the policy interest rate, following a rise in the real interest rate. As indicated
by Banerjee et al. (2015), when the international interest rate increases, investors seek
returns abroad while the demand for long-term bonds of the domestic economy drops. A
rise in capital outflows engenders a rise in the long-term interest rate. As revealed in
Figure 42, Rule 10 captures the aforementioned dynamics, real interest rate and net
exports, following an inverse U-shaped trajectory and converges to the steady-state value.

Figure 43 reveals the selected variables’ impulse responses to a positive world
price level. The latter raises the terms of trade and the nominal exchange rate, which are
then followed by the product, output gap, and consumer price index. On the financial side,
the central bank boosts the policy interest rate, and therefore the real interest rate, the
demand for short and long-term bonds, and the long-term interest rate increase. As
illustrated in Figure 43, Rule 8 and Rule 10 capture the aforementioned dynamics; the

product output gap follows a declining trajectory and converges to the steady-state value.
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To indicate which rule is more effective to explain the variables’ behavior, the

posterior estimation result is gives in Table 10.

Table 10
Posterior probability
Rules log p(O]y:) BF p

Rule 1 198,002 1,000E+06 3,969E-12
Rule 2 151,552 6,714E-21 2,665E-32
Rule 3 75,532 6,485E-54 2,574E-65
Rule 4 200,718 1,512E+01 6,000E-11
Rule 5 154,896 1,902E-19 7,548E-31
Rule 6 211,460 6,993E+05 2,776E-06
Rule 7 224,255 2,519E+11 9,970E-01
Rule 8 138,287 1,164E-26 4,621E-38
Rule 9 133,794 4,845E-42 1,923E-83
Rule 10 139,363 3,414E-26 1,355E-37

Table 10 reveals the logarithmic marginal probability, Bayesian factor and
posterior probability, respectively. As seen in 10, Rule 7 is the best rule that explains the
variables’ behavior. As indicated before, Rule 7 is a domestic inflation forecast based
rulet that includes inflation inertia, domestic inflation forecast and output gap as policy
variables. The second optimal policy is Rule 6, which is an extended Taylor-type rule
with inflation inertia. Moreover, there is no clear evidence for Rule 8, Rule 9 or Rule 10
to accept one of them. Due to high inflation inertia and the clear differences between
expected, realized and forecasted inflation rates in Turkey, Rule 7 seems to be fit.
Moreover, as revealed in Table 7, Rule 7 minimizes the loss function under productivity,
preferences and world price level shocks.

Table 11 reveals the prior and posterior means and %90 intervals of the
autocorrelation coefficients and standard deviations of the shocks. The prior mean is very
similar to its posterior estimates for autocorrelation coefficients of all shocks. The prior
mean of the standard deviation of all shocks, except the world price level shock, is higher
than their posterior mean, which means low volatility in these shocks. Table 11 clearly
illustrates that the world price level shock has the greatest volatility among all shocks,

which seems plausible for Turkey, as a small and open economy.
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Table 11
Rule 7 estimate
Parameters Prior Posterior Intervals
Mean Mean (Lower-Higher)

Pe 0.50 0.4979 0.4816-0.5149
Pa 0.90 0.8993 0.8824-0.9160
Py 0.90 0.8999 0.8839-0.9165
Pr* 0.90 0.8981 0.8821-0.9155
Pp* 0.95 0.9598 0.9472-0.9723
of 0.10 0.0818 0.0702-0.0929
Oy 0.40 0.3524 0.3267-0.3774
o 0.20 0.1373 0.1218-0.1509
Og* 0.20 0.1389 0.1232-0.1531
Op* 1.00 0.9978 0.9659-1.0311

By using the Laplace approximation and the RWHH-MCMC algorithm, the
posterior distributions of the autocorrelation coefficients and variances of the variables
are calculated. As revealed by Cristiano, Trabandt and Walentin (2010), the RWHH-
MCMC algorithm is widely used for research papers. As indicated in Appendix C, the
results of the Laplace approximation and the RWHH-MCMC algorithm are very close,

which means the posterior distributions are consistent.

4.6. Concluding Remarks

This chapter focuses on the determination of the optimal monetary policy to
minimize the loss function in Turkey. Following the extraordinary works by Gali (2015)
and Harrison (2017), a New Keynesian dynamic stochastic general equilibrium (NK-
DSGE) model in which Bayesian estimations are constructed is presented. Monetary
policy, productivity, preferences, international interest rate and world price level shocks
are introduced as an autoregressive process that has an impact on all economic agents.
Following the exemplary papers by Batini et al. (2003) and Miranda (2020), ten different
monetary rules implemented by central banks are examined for the purpose of minimizing
the loss function.

Considering all shocks together, Rule 8 and Rule 10, which respond to the
exchange rate and output gap deviations, seem the most effective rules to minimize the
loss function. Considering all shocks individually, Rule 10 is the most effective monetary
rule to minimize the loss function under monetary policy and international interest rate

shocks. However, Rule 7 is the most effective monetary rule to minimize the loss function
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under productivity, preferences and world price level shocks. As to selected variables’
impulse responses, Rule 7, Rule 8 and Rule 10 are suitable for explaining the propagation
dynamics of the shocks. The posterior probability clearly illustrates that Rule 7, which
includes the inflation inertia, forecasted domestic inflation and output gap, is the best
monetary rule to explain the behavior of the variables. Under Rule 7, the prior mean of
the autocorrelation coefficient of the shocks is very similar to the posterior mean;
however, the standard deviations of the shocks, except the world price level shock, are
greater than their posterior mean. The world price level shock has the greatest volatility
among all shocks. During the period under review, commodity prices have been very
volatile due to the Global Financial Crisis in 2008, Taper Tantrum by Fed in 2013 and
Covid-19 pandemic since 2020.

For a long time, inflation inertia has been a major problem in controlling inflation
in Turkey.The volatility of the inflation and output gap is so high lately due to exchange
rate and world price level shocks. Recently, the output level has exceeded potential output
levels, which has created upward pressure on inflation. Moreover, the domestic inflation
forecast is considered as a barometer for the exchange rate and inflation rate expectations.
Considering all these grounds, Rule 7 looks plausible for Turkey as an optimal monetary
policy. Moreover, CBRT could implement a comprehensive set of monetary rules, such

as Rule 8 and Rule 10, against each kind of shock.
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CHAPTER V

CONCLUSION

5.1. Key Findings and Policy Recommandations

Macroeconomic policy is composed of two distinct components: monetary and
fiscal policies. Monetary policy, which gained prominence with monetarist and new
Keynesian economics, is the backbone of economic literature. Among the hot subjects in
this field, central bank independence, monetary transmission mechanism and optimal
monetary policy are explored in this dissertation via the use of a diverse sample size and
a variety of analytic methodologies.

The degree to which central bankers are free from government control is known
as central bank independence. After the late 1980s, central bank independence became a
crucial institutional formula for fighting inflation, sparking a surge of changes at central
banks across the world. In Chapter Two, following the seminal paper by Acemoglu et al.
(2008), the relationship between inflation, budget balance and central bank independence
is examined in both theoretical and empirical frameworks.

In the case of the perfect information case, the model produces the anticipated
(and experimentally confirmed) negative relationship between inflation and central bank
independence. Two distinct effects, i.e., delegation and seesaw effects, are already at
work: As the central bank gains independence, it is able to conduct relatively less
monetary expansion (the delegation effect), but this results in a greater reliance on fiscal
expansion on the part of the government, as both monetary and fiscal policies are used to
close the output gap. However, the fact that a rise in fiscal expansion is less than a
decrease in monetary expansion brings about a lower anticipated inflation level.

On the other hand, in the case of informational asymmetry, the marginal cost of
the government is first introduced, and then the model produces a zero correlation
between the central bank independence and the anticipated inflation rate. The
informational asymmetry defines endogenously the range of costs that the government
must bear in order to circumvent the authority of the central bank. If the magnitude of this
cost exceeds the interval that was previously determined endogenously, that is, if the
institutional quality does not conform to the informational asymmetry, the model
produces a zero relationship between inflation and central bank independence. That’s why

the central bank is no longer able to offer a policy that compels the government at high
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fiscal cost to tell the truth and accept the contract.

The findings of the dynamic panel models reveal that there is a negative
relationship between inflation and central bank independence. The negative impact of
central bank independence on inflation is statistically significant and is in line with a
priori expectations. When the seesaw and delegation effects are distinguished, the seesaw
effect is statistically significant and positive. Model 3, on the other hand, shows that a
lower budget deficit leads to lower inflation, which is consistent with the work of Sikken
and de Haan (1998) and Lucotte (2009). Acemoglu et al. (2008) cover the period 1972—
2001 when budget deficits were generally monetized. This dissertation covers the period
2000-2012 when the direct funding of the budget deficit by central banks was prohibited
legally. Therefore, the empirical findings of this dissertation differ from those of
Acemoglu et al. (2008). A rise in central bank independence by 1% is associated with a
decline in inflation by 1.93 ppts in the dynamic panel model with fixed effects, and 1.08
ppts in Arellano-Bond GMM model. As a policy recommendation, the central bank
should be strengthened both functionally and legally and ensured to be more independent
to combat inflation and the budget deficit.

The monetary transmission mechanism describes by which channels and how
monetary policy impacts the real economy as a whole. Monetary policy literature
discusses a variety of transmission channels. Mishkin (1995) defined the most well-
known channels as asset price, credit, exchange rate and interest rate channels. Chapter
three reveals how and to what extent the monetary transmission mechanism is effective
in Turkey under an inflation targeting environment.

The narrow monetary base, regarded as a liquidity indicator, and policy interest
rates are the main determinants of the real output level in the baseline and extended vector
autoregressive models, but price levels are controlled by changes in liquidity, income,
and the nominal exchange rate.The policy interest rate implemented by the central bank
and the nominal exchange rate have a significant effect on real output and consumer
prices, whereas external variables have a similar, though small, effect on real output but
not on inflation. These results reveal that the CBRT has the ability to influence Turkey's
real output level and that monetary transmission is effective. Furthermore, while the
exchange rate and interest rate channels have a significant impact on the price level, the
asset price channel, liquidity, and money supply are the most important determinants of
real output.

As for the sectoral transmission mechanism, CBRT’s policy actions have a
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statistically and economically significant effect on both the sectoral output level and the
sectoral pricing dynamics in Turkey. An increase in policy interest rate initially brings
about a rise in sectoral contributions to GDP, except for the services sector. Monetary
policy tightening initially brings an inverse U-shaped trajectory in output, which bottoms
up in the second quarter and finally leads to a decline in sectoral output level. In an
environment where interest rates are increasing, firms operating in the agriculture,
industry and construction sectors primarily increase their production by bringing forward
their production in the next period and selling their stocks, resulting in sectoral production
increasing. The rise in production creates a positive supply shock and causes sectoral
producer prices to go down. On the other hand, firms in the services sector are extremely
sensitive to interest rate changes because of their higher working capital requirements,
higher leverage and price stickiness. A positive shock in the interest rate and, therefore,
the exchange rate reduces sectoral production and increases the transitivity of inflation.
Moreover, the exchange rate channel is the key driver of the price level and real output
for all sectors, as well as the interest rate channel for the construction sector. As a policy
recommendation, the fact that the exchange rate channel is important in both the general
and sectoral monetary transmission mechanism requires the implementation of a
monetary policy that prevents high volatility in the exchange rate in order to avoid
negative production and price shocks on both a general and sectoral basis.

Optimal monetary policy is a set of monetary policy rules that minimizes well-
being, i.e., the loss function. The optimal interest rate, the most important tool in this set,
is the rate that maximizes expected utility in intertemporal consumption choice. Monetary
policy is close to optimal in developed countries because of the low output gap and
inflation deviation. However, it is quite difficult to implement optimal monetary policy
in developing countries due to high inflation deviation, exchange rate volatility and output
gap. Chapter Four focuses on the determination of the optimal monetary policy to
minimize the loss function in Turkey.

Considering all shocks together, Rule 8 and Rule 10, which respond to the
exchange rate and output gap deviations, seem the most effective rules to minimize the
loss function. Considering all shocks individually, Rule 10 is the most effective monetary
rule to minimize the loss function under monetary policy and international interest rate
shocks. However, Rule 7 is the most effective monetary rule to minimize the loss function
under productivity, preferences and world price level shocks. As to selected variables’

impulse responses, Rule 7, Rule 8 and Rule 10 are suitable for explaining the propagation
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dynamics of the shocks. The posterior probability clearly illustrates that Rule 7, which
includes the inflation inertia, forecasted domestic inflation and output gap is the best
monetary rule to explain the behavior of the variables. Under Rule 7, the prior mean of
the autocorrelation coefficient of the shocks is very similar to the posterior mean;
however, the standard deviations of the shocks, except the world price level shock, are
greater than their posterior mean. The world price level shock has the greatest volatility
among all shocks, During the period under review, commodity prices have been very
volatile due to the Global Financial Crisis in 2008, Taper Tantrum by Fed in 2013 and
Covid-19 pandemic since 2020.

For a long time, inflation inertia has been a major problem in controlling inflation
in Turkey.The volatility of the inflation and output gap is so high lately due to exchange
rate and world price level shocks. Recently, the output level has exceeded potential output
levels, which has created upward pressure on inflation. Moreover, the domestic inflation
forecast is considered as a barometer for the exchange rate and inflation rate expectations.
Considering all these grounds, Rule 7 looks plausible for Turkey as an optimal monetary
policy. Moreover, CBRT could implement a comprehensive set of monetary rules, such

as Rule 8 and Rule 10, against each kind of shock.

5.2. Limitations and Directions for Future Research

Certain limitations of the study have opened some avenues for future research. In
the second chapter, the dataset is quite limited, that is to say, it covers only 13 years,
because the compilations of the central bank independence index and structural budget
deficit are quite straightforward. The latest up-to-date central bank independence index
data, which is compiled from the work by Garriga and Rodriguez (2020), covers the
period 1980-2012; however, the structural budget deficit data is available since 2000.
These limitations can affect the findings. Therefore, this analysis should be repeated as
soon as a more up-to-date central bank independence data set is published. Moreover, the
dynamic panel model with fixed effects (DFE) and Arellano-Bond GMM are
implemented as econometric methodologies. Other dynamic panel models, e.g., mean
group estimator (MG) or pooled mean group estimator (PMG) techniques, can be carried
out.

In the third chapter, 2018Q3 and subsequent periods are omitted due to the

idiosyncratic shocks observed in 2018Q3 and their continuing impacts. As the number of



75

observations expands, the macroeconomic variables will converge their long-run path.
Therefore, a more consistent analysis can be conducted. Furthermore, various vector
autoregressive (VAR, VARX, SVAR, SVARX) models are implemented as an
econometric methodology. To evaluate the overall interaction in the economy using the
Bayesian estimation methodology, dynamic stochastic general equilibrium (DSGE) and
Bayesian vector autoregressive (BVAR) techniques can be used as an alternative
estimation strategy.

In the fourth chapter, the dataset covers 2006Q1-2021Q2; however, trend
changing events took place later. In order for the findings to be more consistent, the
analysis should be repeated at a later time and the optimal monetary policy that minimizes

the loss function should be determined again.
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APPENDICES

Appendix A. Derivation of Equation (20)

The equation (19)’s first order condition is rearranged given an arbitrary fiscal

policy choice.

3

ap %+(a+bc)

K = bpz(x) + (a + bc)x — (113)

Now the implicit expression between the fiscal and monetary policies is being
evaluated at x" = x + Ax. By holding this implicit expression, the new equilibrium is

determined. The new equilibrium is subtracted from the first implicit expression.

Eb(p(g_ﬂx:x_ Z_’z‘|x=x+Ax) —
bolu(x + Ax) — u(x)] + (a + bc)Ax — [bwg—; x:x+(a+bc)][b(p g_,zc|x:x+Ax+(a+bC)] =0 (114)

Rearranging the equation (114) by dividing both sides with Ax and taking the limit results

n:
fb Q _E ~
li _ ‘P[ax|x=x 6;|Zx=x+Ax] = lim (a + bC) + ao—w (115)
Ax-0 [bfp a|x=x+(a+b6)][btp a|x=x+Ax+(a+bC)] Ax—0 x
Therefore:
e P _[pp Z
[ Zt(atb)] 0% | ax|x=x +(a+bo) (116)
02 d 3
T = b £|x=x +(a+bo) 117)

When f(x) is defined as f(x) = (a + bx)x + bgz(x), the first order condition

specifies:
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K=f(x)+5 (118)

ax

. of _ . 0z 2r_, 0% . .
It is also noted that -~ = b — + (a + bc) and 5z = b9 o= - The equation (119) gives

the monetary policy’s second derivative with respect to derivatives of the function.

(119)

If f(x) is actually a constant function, i.e., f(x) = cVx € R, the derivative of the

policy offer from the central bank with respect to fiscal policy choice of the government,
9z . . ) _ ) ) ..
ﬁ, 1s zero. This result arrives at a contradiction. While K is a constant and finite number,

the equation (118) cannot satisfy because the right side of the equation would goes to
infinity. Thus, the monetary policy offer from the central bank does not express in terms

of the fiscal policy variable, z(x); however, it is only a constant number, z.



Appendix B. General and Sectoral Monetary Transmission Mechanism

B.1. The results of the SVAR model (Equation 69)

89

Table 12
Identification of the matrices A and B
A =4
1 0 0 0 0 0 0
c(1) 1 0 0 0 0 0
C(2) 0 1 0 0 0 0
C(3) 0 C(7) 1 0 0 0
0 0 C(8) C(10) 1 C(14) 0
C(4) 0 0 0 C(12) 1 C(16)
c(5) C(6) C(9) C(11) C(13) C(15) 1
B=
C(17) 0 0 0 0 0 0
0 C(18) 0 0 0 0 0
0 0 C(19) 0 0 0 0
0 0 0 C(20) 0 0 0
0 0 0 0 c(21) 0 0
0 0 0 0 0 C(22) 0
0 0 0 0 0 0 C(23)
Notes. Ae = Bu where E[uu'] = I.

Coefficients (Standart Errors)

c(1)
C(2)
c(3)
C(4)
c(5)
c(6)
c(7)
c(8)
c(9)
C(10)
c(11)
C(12)
C(13)
C(14)
C(15)
C(16)
c(17)
C(18)
C(19)
(20)
c(21)
€(22)
€(23)

0.536 (0.154)
0.045 (0.071)
0.013 (0.018)
0.052 (0.427)
0.079 (0.092)
0.099 (0.074)
-0.033 (0.036)
0.481 (0.098)
-0.439 (0.218)
-2.357 (0.500)
1.321 (1.005)
-0.798 (1.717)
0.890 (0.338)
-0.124 (0.035)
0.025 (0.067)
3.310 (1.402)
0.088 (0.009)
0.096 (0.010)
0.044 (0.004)
0.011 (0.001)
0.030 (0.004)
0.256 (0.045)
0.047 (0.009)
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B.2. General Monetary Transmission Mechanism

B.2.1. Effectiveness of the General Transmission Mechanism
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Figure 12. SVARX(7) model
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Figure 13. Alternative SVARX(7) model
B.2.2. The Shutdown Analysis
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Figure 14. VAR(7) model
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Figure 15. VAR(7) model with W/O exchange rate channel
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Figure 16. VAR(7) model with W/O credit channel
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Figure 17. VAR(7) model with W/O asset price channel
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Figure 18. VAR(7) model with W/O all channels except interest rate channel
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B.3. Sectoral Monetary Transmission Mechanism

B.3.1. Effectiveness of the Sectoral Monetary Transmission Mechanism
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Figure 19. VAR(6) model for agriculture sector
Sectoral production Sectoral producer prices
06 2
04 ol
)
00 00
=02 N
\-- B _-01
_-04 T
-06 T
1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16

Figure 20. VAR(6) model for construction sector
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Figure 21. VAR(6) model for industry sector
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Figure 22. VAR(6) model for services sector
B.3.2. The Shutdown Analysis
B.3.2.1. Agriculture Sector
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Figure 23. VAR(6) model with W/O exchange rate channel
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Figure 24. VAR(6) model with W/O asset price channel
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Figure 25. VAR(6) model with W/O credit channel
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Figure 26. VAR(6) model with all channels except interest rate channel

B.3.2.2. Construction Sector
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Figure 27. VAR(6) model with W/O exchange rate channel
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Figure 28. VAR(6) model with W/O asset price channel
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Figure 29. VAR(6) model with W/O credit channel
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Figure 30. VAR(6) model with all channels except interest rate channel
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B.3.2.3 Industry Sector
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Figure 31. VAR(6) model with W/O exchange rate channel
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Figure 32. VAR(6) model with W/O asset price channel
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Figure 33. VAR(6) model with W/O credit channel
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Figure 34. VAR(6) model with W/O all channels except interest rate channel

B.3.2.4. Services Sector
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Figure 35. VAR(6) model with W/O exchange rate channel
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Figure 36. VAR(6) model with W/O asset price channel
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Figure 37. VAR(6) model with W/O credit channel
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Figure 38. VAR(6) model with W/O all sectors with interest rate channel
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Appendix C. Impacts of the Individual Shocks on Macroeconomic Variables
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