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ABSTRACT

UNCONVENTIONAL MONETARY POLICY IMPLEMENTATION IN TURKEY

Celik, Mahmut

Ph.D. Program in Economics

Advisor: Prof. Dr. Ayla Ogus Binatl

April, 2022

This thesis provides an evaluation of the monetary policy implementation of the
Central Bank of the Republic of Turkey (CBRT) after 2008 financial crisis. The global
financial crisis constitutes a turning point in the central banking practices so much that
it can be referred as before and after 2008. We have analysed the effectiveness of the
new policy tools of the CBRT in the framework of unconventional monetary policy
implementation and with a macroprudential approach. The transmission mechanism
of the new policy framework is explained in a very neat open economy DSGE model.
The effectiveness of the policy is empirically tested by using a Bayesian SVAR model.
The results reveal that the new policy framework is very effective in curbing the
volatility in the exchange rates, in improving the current account balance and in

limiting the credit growth.

Keywords: Unconventional, Monetary Policy, DSGE, Bayesian SVAR, Reserve
Requirements, Interest Rate Corridor.



OZET

TURKIYE’DE GELENEKSEL OLMAYAN PARA POLITIKASI
UYGULAMALARI

Celik, Mahmut

Ekonomi Doktora Programi1

Tez Danigmani: Prof. Dr. Ayla Ogus Binath

Nisan, 2022

Bu calisma, Tiirkiye Cumhuriyet Merkez Bankasi (TCMB)’nin 2008 Finansal
Krizinden sonraki para politikasi uygulamalarinin detayli bir degerlendirmesini
sunmaktadir. Kiiresel finans krizi merkez bankacigi uygulamalarinda bir doniim
noktas1 olmugtur dyle ki; bu donem 2008 oncesi ve sonrast diye nitelendirilebilir.
TCMB’nin yeni para politikasi araglarinin etkinligi geleneksel olmayan para politikasi
uygulamalarinin bir 6rnegi olarak ve ayrica makroihtiyati bir agidan analiz edilmistir.
Yeni para politikas1 ¢ercevesinin aktarim mekanizmasi yalin bir agik ekonomi DSGE
modeli ¢ercevesinde agiklanmistir. Politikanin etkinligi ise Bayes¢i Yapisal VAR
modeli ile test edilmistir. Sonuglar yeni para politikasi ¢cer¢evesinin déviz kurlarindaki
oynaklig1 azalttigini, cari dengede iyilesme sagladigim1i ve kredi genislemesini

siirlandirdigint gostermistir

Anahtar Kelimeler: Geleneksel Olmayan, Para Politikasi, Dinamik Stokastik Genel

Denge, Bayesci Yapisal Vektor Autoregresyon, Zorunlu Karsiliklar, Faiz Koridoru.
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CHAPTER 1: INTRODUCTION

Emerging countries have enjoyed ample capital flows from industrialised countries
through financial globalisation and integration of financial systems around the world
since the 1980s so much that the international financial integration was regarded as a
touchstone in the development of emerging countries (Obstfeld, 2004). With
deepening financial linkages, capital flows to emerging countries have increased even
more during the last two decades. However, financial globalisation is not a rose
without the prick. Research documents that financial integration increased the
volatility of capital flows to emerging economies and the vulnerability of small open
economies to financial crises (Grosse, 2004; Martin and Rey, 2006; Lane, 2013). The
Mexican crisis in 1994, the Asian Crisis in 1997, the Russian Crisis in 1998, the
Argentine crisis in 2001 and the Turkish crises in 1994 and 2001 are among the notable
financial crises resulting from volatile capital flows (Mishkin, 1999; 2001). It would
not be an overstatement to assert that financial crises in emerging countries resulting
from volatile capital flows are rampant in the history of financial globalisation
(Mendoza, 2006).

After the first implementation in New Zealand in 1990 and its proved success, the
flexible inflation targeting strategy was followed by other emerging economies as well
and became a monetary policy rule of thumb for the central banks. 1990s and the
beginning of 2000s became an era of disinflation and steady growth rates not only for
those emerging countries but also for the global economy. Nonetheless, the outlook of
a reasonably long term of stability created new challenges, especially in terms of
financial flows to emerging countries. Capital flows to emerging countries raised from
USD 139bn in 2002 to USD 1.237bn in 2007 (Figure 1). However, this trend became
reversed and capital flows to emerging countries dropped sharply with the global
financial crisis in 2008. The recovery was not as easy as expected, especially for
advanced countries, and a set of unconventional policies were on the scene. Following
the crisis, advanced countries took unforeseen steps in order to boost the economy,
such as reducing the overnight policy rate to historically low levels or tolerating large
budget deficits, called as quantitative easing policies (Aysan, Fendoglu and Kiling,
2014).



The weak recovery of advanced countries and the volatility in external financial flows
exposed the emerging countries, on the other side, to the risk of expanded business
cycles and the sudden stop of capital flows. Concerns about the advanced countries
urged the capital flows from advanced countries to the emerging countries, but these
flows were largely short term and more volatile compared to the pre-crises period
(Figure 2). These conditions were a big threat to macroeconomic and financial stability
in emerging economies. Hence, emerging countries needed to change their traditional
economic policy frameworks for more flexible and rich-in-tools policies, which
enabled them to response to the adverse consequences of excessive volatility

efficiently and on time.
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Figure 1. Private Capital Flows to Figure 2. Capital Flows to Emerging
Emerging Countries (Billion US Dollar) Countries  (Billion US  Dollar)
(Source: Aysan, Fendoglu and Kiling, (Source: Aysan, Fendoglu and Kiling,
2014) 2014)

The world economy experienced financial crises almost periodically in recent decades
but the global financial crisis of 2008 exhibits a turning point in the central banking
practises of both advanced and emerging countries in the sense that large and volatile
capital flows damaged the developing economies. In order to promote spending,
pioneered mainly by the Fed and the ECB, the policy rate was lowered almost to zero

and the balance sheet size of central banks grew incrementally in advanced economies



as a consequence of quantitative easing (IMF, 2013a; 2013b; 2013c). Capital flows
from advanced countries to emerging economies increased substantially, being mostly
short-term and volatile in nature, due to the policy uncertainties in advanced countries

at the time (Bas¢1 and Kara, 2011).

As the fashion of the moment, the inflation targeting regime was adopted by Turkey
as well after 2001 financial crises. At first, Turkey implemented implicit inflation
targeting program from 2001 to 2006. Then, in 2006 full-fledged inflation targeting
regime was introduced and the main objective of the monetary policy was fixed as
achieving and maintaining the price stability. In this regard short-term interest rate was
used as the single instrument to keep inflation in line with the target. Even though
favorable global economic conditions contributed considerably, inflation targeting
period was an economic success story for Turkey. During 2001-2010 annual average
inflation rate decreased from 54.2 % to 8.6 % while the average growth rate increased
up to 4.1 % (Table 1).

Table 1. Inflation, Output and Current Account (Source: Central Bank of the
Republic of Turkey)

2001 2002 2003 2004 2005 2006 2007 2008 2009 20102011
Average Inflation (CPI) 54,2 45,1 253 86 82 96 88 104 63 86 99
GDP Growth Rate 57 62 53 94 84 69 47 0,7 -48 9 85
Current Account/GDP 19 -03 -25 -3,7 46 61 -59 -57 -23 64 99

Although Turkey benefited from huge capital flows in the disinflation period and it
helped to achieve remarkable economic growth rates, current account balance
eventually deteriorated and the economy became more dependent on the foreign funds.
Owing to the structural reforms and domestic demand, Turkish economy showed a
quick recovery after a one-year recession in 2009. Excessive capital flows supported
domestic credit growth, fueled domestic demand and caused a disproportionate
appreciation in the Turkish Lira. Credit growth, together with valued Turkish Lira led
to higher demand for imported goods but exports remained low because of the
appreciated Turkish Lira and weak foreign demand. Therefore, current account

balance worsened, which caused the economy became more exposed to sudden



reversals of foreign loans and the output to be more fluctuant. Meanwhile, short term
capital and portfolio investments became the main source of increasingly deteriorative
current account balance and the concerns about financial stability rose (Kara, 2012).

Figure 3 below shows the rapid deterioration in the current account balance in 2010.
Further, Figure 4 reflects that the composition of current account deficit was formed

almost entirely by portfolio and short-term funds following 2009.
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Figure 3. Current Account Balance Figure 4. Main Sources of Current
(Seasonally  Adjusted, Quarterly  Account Deficit Finance (12-months
Average, Billion USD) (Source: Aysan, Cumulative, Billion USD) (Source:
Fendoglu and Kiling, 2014) Aysan, Fendoglu and Kiling, 2014)

As in many emerging market economies, the nominal exchange rates appreciated about
20% and the real exchange rate in Turkey deviated upwards from its long run trend.
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Another key variable to track the financial stability is the domestic credit growth.

During the surge in foreign flow, which is usually the main source of financing the

domestic credit expansion in emerging countries, the risk of a sudden reversal of flows

increases and the country faces the risk of a credit and output crush.

After being hit heavily by the crisis and experiencing a 15 percent contraction in 2009,

the Turkish economy experienced a dramatic increase in capital flows in the following

years, owing to quick economic recovery and

strong domestic demand (Kara, 2012).

Not surprisingly, the outcome was an expansion in domestic credit, an excessively

appreciated currency and a deteriorated current account.
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Large and volatile capital flows, if not managed accordingly, trigger excessive credit
growth and increase the risk of financial instability. Concentrated solely on inflation
stabilisation and armed with the conventional interest rate tool, the ordinary response
of the central banks by raising the interest rates does not stop the credit boom but rather
attracts more capital. As a response, the domestic currency appreciates, the improved
balance sheet of borrowers promotes further expansion in credits, the current account
balance deteriorates and, in turn, macroeconomic instability worsens (Calvo, 1998;
Mendoza and Terrones, 2008; Bruno and Shin, 2013; Bruno and Shin, 2014). In this
regard, the reserve requirements made a flash return to the stage as a macroprudential
tool in order to tighten credit conditions without attracting more capital, especially in

emerging economies, such as Brazil, Croatia, Russia and Turkey (Lim et al., 2011).

Amid increasing macro financial concerns towards the end of 2010, the CBRT
announced a change in its policy stance and mentioned the use of alternative policy
instruments for the first time. First, it stopped paying remuneration for the required
reserves and started to use the reserve requirement ratio actively to contain the risk of
credit growth. Later, it designed the Reserve Option Mechanism (ROM) aimed at
stabilising the exchange rates (Alper et al., 2012). Second, the CBRT announced the



one-week repo as the main policy instrument for funding, while the overnight
borrowing and lending rates functioned as the lower and upper bound of the interest
rate corridor (Basg1 and Kara, 2011; Kara, 2015). The interest rate corridor was mainly

aimed at controlling the short-term speculative capital flows.
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Figure 9. CBRT’s Policy Instruments and Objectives (Source: Kara, 2012)

The operational framework of the two new policy tools is summarised below. The
ROM allows banks to hold a certain fraction of their Turkish lira reserve requirements
in foreign currency or, as implemented later, in gold. During periods of excessive
capital inflow, banks can increase their use of ROM and hold foreign currency in place
of TL reserve requirements up to a certain threshold. On the other hand, they are
allowed to decrease the use of ROM during the capital outflow periods. So, the ROM
is a market-friendly mechanism which helps to stabilise the volatility in the exchange
rates. The other novel tool, the interest rate corridor, works principally by creating an
uncertainty zone between the lending (upper bound) and the borrowing (lower bound)
rates of the central banks. Reducing the lower limit of the corridor during the capital
inflow periods discourages the foreign capital, while increasing the limit during the
capital outflow periods holds its surge. Therefore, the corridor maintains the
smoothing of foreign capital flow. The main incentive of the CBRT in employing these
additional tools was to increase the resistance of the economy against volatile capital
flows, therefore containing the credit growth and maintaining the external balance
(Kara, 2012; Oduncu, Akgelik and Ermisoglu, 2013; Aysan, Fendoglu and Kiling,
2014).



The CBRT highlighted two intermediate variables to monitor the level of financial
stability: the credit growth and the exchange rate. These variables are also helpful in
the communication of the new policy mix. They can easily be monitored and are
directly observable by the economic agents. Moreover, they are published in a quite
fixed periods of time. These two variables are proved to be the most robust and

significant predictors of financial crises by (Gourinchas and Obstfeld, 2012).

Interest Rate Corridor can be defined as the distance between the lending (the ceiling)
and the deposit (the floor) rate. The CBRT utilizes the difference of the policy rate to
the floor or the ceiling as an additional policy tool. In traditional inflation targeting
(price stability) policy the corridor is set symmetrically around the policy rate but here
the CBRT can change the upper and lower bound asymmetrically around the policy
rate. The CBRT can react to the volatility of short-term capital flows quickly by
controlling the uncertainty about the short-term interest return.
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Figure 10. The Interest Rate Corridor and Its Asymmetric Effect on

Domestic/Global Lenders (Source: Aysan, Fendoglu and Kiling, 2014)

Reserve Option Mechanism (ROM) is designed to control exchange rate fluctuations
derived from a surge in the short-term foreign funds. It is a market-friendly tool and
reduces the negative effect of capital flows on domestic business cycles. ROM allows
banks to keep some of their domestic currency required reserves in foreign currency

(FX) or gold. During a surge in capital flows banks can hold their FX at the CBRT and

8



this FX can be released during capital outflow. So, the CBRT can contain the

fluctuations in the exchange rate.
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CHAPTER 2: REVIEW OF RELEVANT LITERATURE

The global financial crises proved that the inflation targeting regime itself is not a
sufficient condition to maintain the macroeconomic stability. Nevertheless, it was not
clear at the very beginning of the crisis if any additional policy target should be adopted
and any additional policy tools should be attached into the policy toolkit. Even though
the need for a new policy framework has been discussed within international
institutions such as the Bank of International Settlement (BIS) and G20,
understandably, the academic literature was quite lack of adequate study about the
merits of the financial variables in the sense that they convey important knowledge

about the signs and appropriate ways of treatment of financial instability.

Eventually, just after seeing its first debris, the crisis and alternative ways of solution
to its harmful effects on economies occupied the international political agenda. In
addition, academic studies started to emerge as both theoretical and empirical.
Papadamou et al. (2020), in this regard, provide a recent review of the literature that
burgeoned in this time period.

The matter that the price stability itself cannot guarantee the financial stability was
mentioned by several academics such as (Mishkin, 1991) and (Corsetti et al., 1998)
well in advance of the crisis. Moreover, Greenspan (2002) confessed that the long
period of low interest rate and steady growth rates stimulates the risk appetite and that
the authorities might not be able to identify the accumulating risk in the financial
system until its bursting confirmed its existence. He almost described the situation and
the accumulated risk in the US house market just before 2008. As mentioned in the
study of Dell’ariccia, Marquez and Leaven (2010) as well, long period of low interest
rates between 2001-2005 had encouraged the US households to borrow more and
invest in house market. Nevertheless, following an unexpected rise in interest rates
between 2005-2006 lighted the touch paper in the US economy and the boom in the

subprime mortgage market was realised only when it burst.

The global financial crisis sparked by the subprime mortgage crisis in the US resulted
in quantitative easing (QE) not only in the US but also in many other large economies.
Interest rates in those countries approached the Zero Lower Bound (ZLB), which drove

the central banks, in both advanced and emerging economies, to consider alternative

10



monetary policies, most of which are macroprudential measures (Kahou and Lehar,
2017; Mester, 2017).

The quantitative easing policies by advanced economies constitute the first examples
and the bulk of the literature. Martin and Milas (2012) provides an early discussion of
the quantitative easing policies of the advanced economies. They derive two outcomes;
i) large-scale asset purchases reduce government bond rates, especially at the longer
end of the yield curve though this effect may be temporary and is small if bond rates
are already low, ii) QE appears to have been effective in late 2008 and 2009, preventing
even larger declines in output and inflation than were experienced. They also note that
the very first studies rely on similar methodologies and mostly implemented by central

banks.

The spill-over effects on emerging countries have also received significant attention
as many emerging economies experienced financial instability due to large and volatile
capital flows as a direct consequence of QE in advanced economies. Bhattarai et al.,
(2021) show that QE policies have increased capital flows to emerging countries and
especially to the Fragile Five group which Turkey belongs to. They use Bayesian panel
VAR and find that an expansionary US QE shock has significant effects on financial
variables in EMEs. Their findings also prove that the QE leads to an exchange rate
appreciation, a reduction in long-term bond yields, a stock market boom, and an

increase in capital inflows to these countries.

In another study on emerging market economies, Belke and Fahrholz (2018) examines
whether and to what extend the non-standard monetary policies of major-currency
economies affected the central banking practice in emerging economies. They
conclude that the global liquidity from major central banks created “unbalanced” real
exchange rate dynamics and volatilities in key prices have the potency of creating
financial instability in the emerging economies. In a recent review of literature
Bartkiewicz (2018) investigates the spill-over effects on QE policies on emerging
economies. The study reveals that the QE policies of advanced economies raises output
and inflation in emerging economies while lowering bond yields, raising equity prices

and increasing net equity flows.

In general, academic literature is divided into two parts in their suggested responses to

11



the financial crises; “leaning against the wind” and “cleaning after the burst”. White,
(2009) states that monetary policy may ignore the risk stemmed from accumulated
debt stock in the medium term while concentrating only on the solutions to the
problems of insufficient demand. Therefore, the study concludes that the monetary
policy should focus on “pre-emptive tightening” to moderate credit bubbles instead of
“pre-emptive easing” to deal with the after effects and suggests a new macro-financial
stability framework. The new framework must contain both regulatory and monetary
instruments to prevent credit bubbles and so support sustainable growth in the long

run.

Even before the financial crisis of 2008, Borio and Shim (2007) asserted that the
possibility of financial imbalances in the form of credit and asset price booms increases
in a low and stable inflation period which has been experienced over the last decades.
They point out the need of a revision in the monetary policy that it should be designed
as leaning against the build-up of financial imbalances. Moreover, the prudential
policy must also strengthen its macroprudential orientation to make the financial
system be able to withstand the unwinding accumulating risks in the system. They also
assert that analytical, institutional and political framework for understanding the
financial stress in advance must be further improved to form a solid “leaning

mechanism”.

The proponents of “cleaning after the burst” have their roots on the so called
“Greenspan Doctrine”. It states that the role of the asset prices in conduct of monetary
policy must be beyond its estimable effects on inflation and employment, and
monetary policy should not lean against the wind. Mishkin (2010), one of the
advocates of this approach, listed justification of the “cleaning after the burst” as; 1)
bubbles are difficult to detect, ii) raising interest rates may not be effective in
constraining the bubble, iii) monetary policy affect asset prices in general rather than
focusing on defective assets, iv) raising interest rates may increase the damage to the
whole economy, v) The authorities have necessary tools so the harmful effects of a

burst can be hold in control as long as the authorities respond in timely manner.

Gambacorta and Signoretti, (2014) formulates the “leaning against the wind” approach
with the help of a Taylor Rule augmented with asset prices and credit. They analyse if
including these variables in the monetary policy rule stabilizes the economy and

12



improves the welfare of the agents. Their results are instructive especially for the
emerging countries which are usually subject to excessive credit growth fuelled by
foreign capital influx. They show that central banks’ response to financial variables,
such as asset prices and credit stock, can improve the welfare and LATW approach

may bring about gains as high as 20-30%.

Monetary or macro-prudential policies are found to be more effective when they lean
against the credit cycles in the analysis of Lambertini, Mendicino and Punzi (2013).
They use a countercyclical LTV rule as a macro-prudential tool and an interest rate
rule (directly responds to credit growth) as the monetary policy tool. Both rules are
compared to each other according to their effectiveness in curbing volatility in credits
and improving welfare. They conclude that both instruments are successful in reducing
volatility in credit cycles without increasing the volatility in inflation. Moreover, using
these tools in a LATW approach is found to be Pareto improving comparing to the
benchmark policy.

When the interest rate rule is determined narrowly to focus just on the inflation, the
resulting posture of the inflation gives rise to stock market booms and credit growth.
In their medium-sized DSGE model Christiano et al. (2010) claims that inflation falls

and the output rises when there is an optimistic approach to the future of the economy.

The boom at this point is found to be a by-product of an empirically estimated interest
rate rule in which the inflation forecast has the highest coefficient. On the other hand,
historical data proves that assigning an additional role, such as credit growth, in
addition to the inflation forecast helps in stabilizing the boom. The “leaning-against-
the-wind” role of the new policy rule, here, mitigates an overdosed response of the

inflation rate to the boom.

After the financial crisis Turkey was one of the recipients of large capital inflows and
responded by initiating a new monetary policy framework utilising macroprudential
instruments. The CBRT started to employ macroprudential instruments in the last
quarter of 2010 when the aftershock of the financial crisis started to come ashore in
Turkey. The monetary policy framework modified and financial stability was attached
to the objective function. The CBRT adopted its interest rate rule, similar to the

“leaning-against-the-wind” approach, in order to respond to variations in the credit
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growth and trade balance but also engaged two new instruments (Reserve Option
Mechanism and Asymmetric Interest Rate Corridor) to maintain the financial stability
objective together with the price stability.

Following an intense implementation of this multi-tooled monetary policy, as the
global economic outlook started to normalise, the CBRT announced its roadmap to
simplify the monetary policy implementation in August 2015. The main incentive of
this simplification was to form a more predictable monetary policy to improve the
expectations of the economic agents. As of May 2018, the CBRT completed the
simplification period and the interest rate corridor was abolished. Moreover, the active
use of the ROM has been diminished gradually, and the CBRT declared that it will end
its usage in 2022.

Aysan et al. (2012) and Bage¢1 and Kara (2011) are the very first studies to evaluate the
results of the implementation of the new policy framework numerically. They
acknowledge that Turkey need a flexible monetary policy framework to cope with the
harmful effects of volatility in capital flows. Throughout the recent history of Turkey,
volatility in capital flows has been an important factor for macroeconomic stability.
So, they reaffirm the need for enhancing the resilience of the economy against abrupt
changes in the global risk appetite even though there may not be a causal relationship
between capital flows and financial instability in Turkey. The very first results in their

analysis proves that the credit growth was contained and trade deficit was controlled.

In another earlier study, Kara (2012) explains the transmission mechanism of the new
policy framework in detail and comments on the first results. He clearly explains the
need for additional policy tools in the case of a monetary policy with multiple
objectives, from the point of the trade-off that may arise between financial stability
and price stability if there is a single policy tool. The study agrees that the new policy
framework proved to be efficient in curbing the harmful effects of the capital flows
and managing a soft landing of the economy without a conflict with the price stability

objective.

Eventually, the first empirical studies of Turkish experience with the “multiple
objective, multiple tool” policy started to emerge. Aysan et al. (2014) showed that after

controlling for a set of domestic and external variables and relative to a group of
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advanced and emerging countries, cross-border capital flows to Turkey have been less
sensitive to global factors after the implementation of macroprudential policies. They
used a panel data set of 46 countries and measured the effectiveness of Turkey’s new
policy as a comparison to other emerging countries which had experienced a similar

pattern of global capital flow.

Oduncu, Akgelik, and Ermisoglu (2013) examined the effect of ROM on the volatility
of Turkish Lira with GARCH method. They used the daily change in a currency basket
formed as (%50 EUR+%50 USD) and observed between October 2010-2012. Their
findings suggest that the ROM has decreased the (conditional) volatility of USD/TL
exchange rate significantly, controlling for international risk appetite and the CBRT’s

other policy actions.

Controlling for common external factors, Degerli and Fendoglu (2013a) provide
“descriptive evidence” that the ROM is successful in containing the (implied)
volatility, skewness and the kurtosis of USD/TL exchange rate expectations. More
noticeably, ROM appears to be helpful in containing the expected USD/TL volatility
and kurtosis.

In their other study Degerli and Fendoglu (2013b) study empirically (i) whether the
use of ROM makes the volatility, skewness, or kurtosis of USD/TL expectations lower
relative to other emerging market currencies (ii) whether the USD/TL exchange rate
expectations become less sensitive to fluctuations in common external factors due to
the ROM. Estimating a common external factor for each moment (volatility, skewness,
or kurtosis), using a large set of emerging market currencies, and controlling for such
common external factors and other policy actions by the CBRT, the results suggest
that after the implementation of the ROM, market expectations are leaned towards a
significantly lower volatility or skewness in the USD/TL relative to other emerging
market exchange rates; and ROM appears to be an automatic stabilizer of expectations
about excessive movements of the USD/TL exchange rate.

In a recent empirical study, not privately for Turkey but for 18 emerging countries
including Turkiye, Fendoglu (2017) evaluated the effectiveness of macro-prudential
policy tools in containing credit cycles. He employed a wide range of macro-prudential

policy measures so classifies them into two groups (i) borrower-related measures (caps
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on loan-to-value ratio and caps on debt-to-income ratio) (ii) financial-institutions-
related measures (counter-cyclical capital requirements, dynamic loan-loss
provisioning, restrictions on foreign currency lending, and limits on net open currency
position). The results show that borrower-based tools, measures with a domestic focus,
and domestic reserve requirements are particularly effective. His findings are, in most
cases, stronger for the recent period during which most of the macro-prudential actions
are undertaken, and holds for alternative definitions of credit cycle, the monetary

policy stance, and portfolio inflows.

The study by Erdem et al. (2017) focuses on the effects of macro-prudential policies
on credit growth. Including Turkiye as well, they employ data from 30 countries and
indicates that macroprudential policies are effective to limit domestic credit growth
especially during expansion phase of the credit cycles. An interesting finding is that,
the number of policy tools is crucial to better manage the domestic credit growth in
the way that they help preventing the players of financial system from bypassing the

regulations, so limits the possibility of leakages in the financial system.

Another facet of literature on Turkish experience focuses on a single policy tool rather
than the framework in general. Binici et al. (2013) provides empirical evidence with
respect to the use of interest rate corridor as a macro-prudential tool affecting the loan-
deposit spread, and hence credit supply. Using both time series and cross section data,
they analyze the effect of interest rate corridor on loan and deposit rates as well as their
spread. The empirical results they found indicate that, the use of interest rate corridor
jointly with active liquidity policy enables the CBRT to affect the loan-deposit spread.
In other words, asymmetric interest rate corridor has the potential to be used as a

macro-prudential policy instrument.
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CHAPTER 3: AN OPEN ECONOMY MACROECONOMICS
DSGE MODEL

This chapter introduces an open economy dynamic stochastic general equilibrium
model of the Turkish economy. The main objective is to enlight the transmission
mechanism of the macro-prudential tools adopted by the central bank. The model is
constructed in a simple and compact way so that makes it easy to follow the relations
between the policy tools and the macroeconomic variables. The micro-foundations of
the model is broadly in line with (Gali and Monacelli, 2005). The financial sector and
the monetary policy are inspired from (Glocker and Towbin , 2012; Unsal, 2011,
Cufadar, 2012).

The model’s dynamics are improved by incorporating nominal price rigidity and
indexation into the model. Moreover, it is augmented by featuring structural shocks
such as country risk premium, technology etc. The foreign economy is modelled as
exogenous and the domestic economy further includes households, domestic firms,

importers, exporters, commercial banks and central bank.
3.1. Main Characteristics of the Model
3.1.1. Households

The representative households are assumed to be identical. They consume the final
goods, supply labour and hold only domestic currency deposits. They are allowed to
save only through the banking system so they provide funding to the banks. They dont

engage in any foreign currency transactions.
The representative household maximizes the following utility function:

1+
N (Y

© Cl—a
U(Ce,Np) = EoZﬁt<1t_0 - 1f+(p) (1)
t=0

N, represents hours of labour

C; represents composite consumption index
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o is the coefficient of the relative risk aversion of the households (the inverse of the

inter-temporal elasticity of substitution in consumption).
@ is the inverse elasticity of the labour with respect to the wage
0 < B¢ < 1 is the discount factor?,

In this small open economy, household consume both domestic and foreign goods.
Therefore the consumption is defined as a composite index of foreign and domestic

goods, C; :

€= |- "Cu T + @y |

where;

n > 1 is the substitutability between domestic and foreign goods and @ € [0,1] is the

home bias in preferences (a degree of openness, or ratio of imports).

Cy ¢ and Cy, . are the indices of domestically produced and imported goods respectively

and are represented by a CES function of the form:
L _&_
e—1 e-1
Cue = (f CH,tU)(T) dj) (3)
0
Is the aggregate index of domestically produced goods and

&

1 e —1
CM,t = (f CM,t(i)(Tl) dj) (4)
0

is the aggregate index of foreign goods, where

&

Cue () = ( j e () dj)g_—l (5)

! Through out the study small case letters symbolize the log-linear form of that variable. The
steady state is indicated with a subscript as xs5. A hat over the variable represents the log-
deviation from steady state and E is the expectations operator.
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Cwmie () represents the j-th good produced in the i-th country, and € > 1 is the

elasticity of substitution between different types of goods in domestic country.

The households are constrained by a budget equation. The discounted value of the
expected utility is maximized under the conditions of this budget constraint. Income
from the labour supply as wage payents, previous period’s interest earnings from
deposits and dividents from the firms are used in order to compenste present
consumption and portfolio. Therefore the households’ flow of budget constraint can

be written as below:
PtCt + Dt = WtNt + i?—lDt—l + Divt (6)

W, is the nominal wage.

Div, is the nominal dividend from domestic and foreign goods retail firms
D, is the domestic currency deposits

P, is the domestic price level

iP is the gross domestic currency deposit rate

There is no cash in the economy.

The household maximizes the utility function subject to the budget constraint.

Therefore the Lagrange equation for this optimization can be written as follows

Lt(Ct' Ntl Dtl At)

(7)
= U(C, Np) + At[PtCt + Dy — Wi N; — itD—lDt—l - Divt]

First order conditions of the households’ utility maximization problem with respect to

the consumption, labour, and deposits yield the following equations:

(9Cy) Ay =PBrCc° (8)

14
(ONy) A5 =BNY ()

t
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iD

1 [
(aDt) /1t Ft = Et A‘t‘l‘l Ptil (10)
Solving (7) and (9) together gives us the standard Euler Equation of the form:
Cerr) * P l ,
E ( ) iP=1 11
BE. [ ) | (12)
Log-linearize the Euler equation around the steady-state:
R R 1 5 .
Ce = ECry1 — p (if — E¢fiesq) (12)
where I1 = Ppt is the gross domestic inflation.

t+1

Assuming the complete flexibility of the wages and the households’ optimization, the

labour supply equation can be derived by solving (7) and (8):

1
N;p = FWt (13)
where
Wi
Wy = B, (14)

is the real wage. And the log-linear representation will be:
A~ 1 N Py
ne = 5 (W, — aéy) (15)

The households’ total expenditure can be written as:
Py tChe + PrtCye = PGy (16)

where

1 1

1 1—¢ 1 1—¢ 17
Py: = <f Py ()19 dj> and Py, = <f Py ()9 df) (17)
0 0
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are the price indices for domestic and import goods respectively in domestic currency.
And,

1

Py, () = <f1PMi,t(i)(1_€) dj)ﬁ (18)
0

where Py; ¢(j) represents the price of j-th good imported from the i-th country in

domestic currency.

The maximization of the composite consumption function (2) subject to the
expenditure function (17) (optimal allocation of the total expenditure between

domestic and foreign goods) gives the first order conditions:

1

n 1 11 1 1=1\n-1
APy = — <(1 —a)1C," +a’C,, ) (1
(0Cu,) ) (19)
1 —=
tn—1 -
—a)" C
n H,t

1
1=t o1 1, 2
(0Cut) AePry = — i - <(1 - a)nCHZ + anCMZ“ ) (@)7 n - CMZ (20)

Solving the first order conditions bears three important equations regarding with the

allocation of expenditures.

_ Put.

Cue=(1- a)(P_) Ce (21)
t
gives the demand function for domestic goods and
P
Cue = a (597 G (22)
t

gives the demand function for foreign goods. Here,

1
P, =[(1 = @)(Py)'™ + a(Py )|+ (23)
represents the consumer price index (CPI).
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Log-linearize the consumer price index around the steady state, we get

e = (1 — a)pu; + ()P, (24)

And the first difference of this equation yields a representation of the consumer price

index as the weighted sum of domestic and imported goods inflation.
Ty = (1 — )Tty + ()T, (25)

Define the relative price of the home goods to the total consumer prices as yy, ; = %
t

. After log-linearizing and taking the first difference; we get an expression for the
relative prices - inflation relationship which will help us in explaining the model

dynamics.
Vot = Vhe-1+ e + ¢ (26)
3.1.2. Terms of Trade, The Real Exchange Rate and The Inflation

The ratio of the aggregate import prices to the export prices is called as the terms of
trade. It shows the required amount of home goods to be able to import one unit of
foreign goods and so conveys valuable information about the competitiveness of
domestic goods in foreign markets. Any increase in the price level of the foreign
economy or a decrease in domestic price level will increase the terms of trade and
improve the competitiveness of the domestic economy. In line with Gali and Monacelli

(2005) the terms of trade is written as;

Pyt
Sp =——
“ Pu @0
or, in log-linear form:
St = Dmt — Pue (28)

Combining this representation of terms of trade with the log-linear representation of
the CPI (24) we get;

22



pe=(1- a)ﬁH,t + (a)ﬁM,t (29)
Dr = ﬁH,t + (a)$; (30)

The first difference of this equation will give us an important representation of the
relationship between the CPI inflation, domestic inflation and the change in terms of
trade:

ﬁt = ﬁH,t + (a)Aﬁt (31)
in another way;
ASy = iy — Ty (32)

Accordingly, we can state that the difference between overall and domestic inflation
is proportional to the change in the terms of trade and as the the degree of openness
(a) increased, the required change in terms of trade (4s;) will be smaller. Or, from the
second representation, the change in terms of trade is proportional to the difference
between the foreign and domestic inflation.

Define &; as the bilateral nominal exchange rate (the foreign currency level in terms
of domestic currency) such that an increase of £, implies the depreciation of domestic

currency. The real exchange rate;

_ &P
t — Pt

(33)

shows the ratio of home and foreign country’s CPI levels in domestic currency.

We assume that the law of one price holds for both import and export prices in all
individual goods.

_ &P

t =
PM,t

(34)

The law of one price holds when (i.e.¥; =1) the price of imports equals the foreign

price index in domestic currency; Py . = E.Pf. Log-linearizing this expression yields;
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ﬁM,t = é+ Py (35)

Where, e, is the log nominal effective exchange rate and p; is the log nominal world

price index. Combining this equation with the equation for the terms of trade we get;

§t = ét+ ﬁ; - ﬁH,t (36)

Next, we can derive an equation which relates the real exchange rate to the terms of
trade by first expressing real exchange rate in log-linear form and then by combining

the real exchange rate with (35) and (36);

q\t = ét+ 15; - ﬁt (37)
CAIt = ~§t+ ﬁH,t - ﬁt (38)
ge = (1 —a)s; (39)

An increase in the real exchange rate will appreciate the import prices and will in turn
increase the terms of trade. Nevertheless this effect is inversely related to the openness
of the home economy.

3.1.3. International Risk Sharing and Uncovered Interest Parity Condition

The assumption of complete international financial markets and perfect capital
mobility generates two important relationship. The first one is figured out by the
international risk sharing which states that the price of similar assests must be the same
in the domestic and foreign markets. The definition of the same assets, here, refers to

the similarity in liquidity and risk. We can formulate the international risk sharing as;

.D % gt
8t+1
which states that the return of nominal domestic interest rate must be the same as the
return of nominal foreign interest rate in domestic currency. Since we include a country
risk premium in our model for commercial banks’ foreign funding cost, we need to

modify the international risk sharing as;

£
1+iP = (14 ®ERPY(1 4 iD)E,( Sttl) (41)
+
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The second important relationship emerging from the assumption of the complete
international financial markets is the uncovered interest parity condition (UIP). Log-
linearizing the equation (41) around steady-state we get the UIP condition for the

nominal exchange rate:
iy — 12 = E, A8, + OERP (42)

using this condition we can further formulate a relationship between the real exchange
rate and the real interest rate differentials.

EiAGiyq = (B — Etﬁ-:+1) - (ili) — Efteyq) — ‘DtCRP (43)

which restates the condition that the net of real interest rate differential in favour of

foreign real interest rate will increase the real exchange rate.
3.1.4. Commercial Banks

In order to improve the tractability of the model we build a modified version of a
simple banking system of Unsal (2011), Kannan, Rabanal and Scott (2009) and
Cufadar (2012). In this context, banks collect deposits from households and obtain
funds from international markets. They operate in a competitive financial market. The
supply of loans is extended only to the domestic firms. At the end of each period banks
pay the deposits to the households and the foreign funds to the international lenders
with their accumulated interest payments. There is no excess funds and zero profit

condition prevails.

The construction method of the banking system makes the model build on a generic
form of macro-prudential measures instead of analysing and solving the model for each
macro-prudential policy instrument. The macro-prudential policy variables here
include all types of costs in this regard, such as reserve requirements, capital
requirements, capital controls, loan-to-value ceiling etc. The macro-prudential tools
increase the funding cost of the banking system both in domestic and foreign markets,

and then the cost is reflected to the borrowers as higher interest rates.

The country risk premium is another factor of higher funding costs for the banking

sector and arise from imperfect integration with the rest of the world. The country risk
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premium, such as the one as given in the equation (50), increases with the level of
indebtedness and indicates the risk of a default of the domestic economy, which, in the
end, causes higher interest rates to be compensated by the economic agents in the
country. In other words, the banking system bears additional funding rate cost
depending on the level of the domestic country’s risk premium and reflects this

additional cost to the borrowers as higher lending rates.

We assume that the deposit rate is equal to the central bank’s policy rate. Accordingly,

the lending rate for the domestic currency credits can be written as;

if = if® (44)
it? = iy’ (45)
and in log-linear form:
P =B (46)
P =18 + P (47)

where ®@MPis a macro-prudential mark-up which reflects the spread over the deposit
rates caused by macro-prudential policy tools for the domestic currency transactions,

such as the reserve requirements.
The lending rate for the foreign funds can be written as;

it = i;pCRP@MPX (48)

i =it + ®ERP 4 pMPX (49)

where, & is a macro-prudential mark-up over foreign borrowing rates and includes
the policy measures such as the interest rate corridor, reserve option mechanism or
kind of any capital control rules. ®£®P is, on the other hand, reflects the country risk

premium as stated in Schmitt-Grohe and Uribe, 2003 and defined as;

EiB;
DERP = exp [(pCRP —Pt Yt] + etCRP] (50)
tit

the log-linear form;
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@ERP — (pCRP’B; + é.\tCRP (51)

&R0 = p 8B +uft” (52)
Here, B; is the amount of the foreign borrowing, @ R? is the elasticity of the risk
premium to the external debt level and ££RP is an exogenous element to reflect the

global risk appetite, domestic economic or political conditions etc. i is the foreign

interest rate.
3.1.5. Domestic Firms

There is a continuum of monopolistic competitive domestic firms owned by
households. They produce differentiated goods by using only labour. We include the
working capital mechanism within the model. In working capital mechanism firms
need to borrow some constant fraction of their cost from the commercial banks in
advance of the production. Here, they borrow total wage cost from commercial banks
at borrowing rate r;, which is a weighted average of both the domestic borrowing rate

iLP for TL borrowing and at the foreign borrowing rate i: for FX borrowing.

The aggregate production of domestic output is represented by a CES function.

&
1 e—-1 -1
V= ( R dj) (53)
0
€ > 1 is the elasticity of substitution between different types of goods.

The production function for a representative firm which produces differentiated

domestic good (j) with a linear technology is;
Ye () = AN () (54)

where, a, = LogA; = paa;—1 + &4, is the technology progress (productivity shock)

following AR(1) forall t = 1,2,3,...
The log-linear approximation can be written as:

)715 =da, + f, (55)
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The total cost of production in real terms can be written as:

TC, = (1 + 1) (56)

PH t At
meaning that the labour cost need to be compensated by working capital, and r; is the

gross borrowing rate.

From (56) the marginal cost can be derived as:

1
MC, = (1 +r)=(1+ rt)tht (57)

PH t At
and the log-linear representation will be:
mc, = w; — Q; (58)

which states that any increase in real wage will increase the marginal cost while an

increase in the productivity reduces it.

The firms set their prices in Calvo (1983) style which augments the model by bringing
in staggered prices and the rigidities of real life into the model. According to the
optimizing decisions of the firms in production process, every period only (1 — 6y),
where (0 < 0y < 1), fraction of the firms can change the prices. The rest of the firms
adjust their prices by backward indexation to the inflation level. Therefore the
aggregate domestic price level is defined as:

1
Pur = [(1— 6u)By" + 6B, "7 (59)

where, Py, , is the new price level for the optimizing firms and Py, , is the indexed price

level for the rest of the firms.

Backward indexation can be described as:

p —p PH,t—l
Ht — 1Ht-1 P
H,t—2

) =Py 1(1+yeq) (60)
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where (1 + Iy ,—1) = % and the log-linearize form:

P = Pu—1 + Beoa (61)
Therefore we can now write the log-linearize form of equation (40) as:
ﬁH,t =1- BH)(ﬁH,t - ﬁH,t—1) + ﬁH,t—l (62)

The price setting firms will optimize the price level Py, when they maximize the

current value of their future dividends of the form:

- 1 _
E, Z 08 g (o) (e () — MCE)) (63)

Subject to the demand function.

p =g p —&
YH,Hk(f)=(P ’“) (CH,t+k+C:,,t+k)=<i> (Yo  (64)

Ht+k Py tvk
where

O

Revk

is the effective stochastic discount rate, € > 1 is the elasticity of substitution between

different types of goods in domestic country and

MC"=%
t ™A

t
is the nominal marginal cost.

The first order condition of this optimization of which Py , satisfies will be;

o)

By 0f 7 {Fewk (Pac - o M)} = 0 (65)

t=0
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where é defines a mark-up over the marginal cost.

The log-linear form of this condition can be written as

(0]

ﬁH,t = pAH,t—l + E; Z ﬁkellj {meer + 1- ﬁeH)ﬁl\Ct+k} (66)
t=0

where

Mc?

H,t

MCt:

So we can write the equation (47) in a more compact way as;

ﬁH,t = (1-p6y) Z .Bkezlfi Etﬁl\C?Hc (67)
t=0

where, mcy,, = mcly — Pu e+ 1S the real marginal cost and the compact form of the
optimized price function states that the price setting firms set the new price as a mark-
up over a weighted average of the expected value of their future marginal costs.

The log-linear approximation of the equation (47) will give us the New Keynesian
Philips Curve for the domestic firm:

ine =B — Oy)Efiy 1 + Opfiy g + Agmc, (68)
where,

_ (1= B6)(1—6y)

A

The NKPC implies that the domestic inflation is not just backward indexed but also
forward indexed as well. It is worth to note that when Q4 = 1 and the NKPC will be
backward-looking, meaning that any of the firms are able to optimize the prices. On
the other hand, when Q5 =0 and all the firms set their prices the inflation will represent
just only a forward looking behaviour. The marginal cost is always an identifier factor

on the inflation level, regardless of the level of price setting behaviour.
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3.1.6. Imports

Imports are assumed to be final goods. The import retailers operate in a monopolistic
competitive market and in a similar manner to the domestic firms, (0 < 8,; < 1) of
the importing f irms can not optimize prices while (1 — 8,,) of the firms can optimize

import prices according to;

Bue =Pues +Ee ) B0k (Rueoe+ L= B0 Muer}  (69)

t=0

The price optimizing behaviour depends on the price level of the previous period and
the future inflation in addition to the marginal cost of the importing firms. The
marginal cost follows the law of one price and functions a mark-up over the import
price. A positive law of one price gap creates a difference between the foreign and the
domestic prices of imported goods, which allows foreign prices to penetrate into the

domestic aggregate price level.

The log linear approximation will give the NKPC for the importing firms.

fime = B(1— Op)Eefipp 41 + Oufipg -1 + AyMep e (70)

where

(1—=p60y)(1—06y)

AM =
Om
and
&P
Mmey ¢ = P

which represents the real marginal cost for the imported goods.
The log-linear form will be;
MCy,e =S¢ + Dt — Dt (71)

and first differencing, we get;
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ﬁ“L\(:M‘t = ﬁl\CM,t_l + A§t + ﬁ-; —_ ﬁM,t (72)

which states that the imported goods price is affected by an increase in the exchange
rate and the foreign inflation rate.

The equation (25) for CPI together with domestic goods inflation (51) and foreign
goods inflation (53) builds the dynamics of the small open economy and reflects the
presence of the nominal rigidities as a form of sticky prices caused by the firms’ price

decision behaviour.

The total demand for the imported goods can be written as;

P
Mo=a () ¢ (73)
P
the log-linear form of the import demand can be written as;
My = —NVm,e + (74)

where 7, . is the relative price of the imported goods to the price of the consumer
goods. The deviation of the relative prices from the steady state level can be written

as;
Yme = Vme-1 + Tme — ¢ (75)
3.1.7. Exports

The export sector sells the final domestic goods to the households in the foreign
economy without a price mark-up. Therefore the marginal cost of the exported goods
is equal to the domestic prices. We assume that the gross foreign consumption of home
goods is represented by a CES function; so that we can write the export of the domestic

economy as;

P\ "
X, = (ﬁ) c: (76)

where n* denotes the elasticity of substitution between home and foreign goods in the
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foreign economy. We can further simplify the model by assuming that;
Yy =Cf (77)
and writing in log-linear form will give us export dynamics:
Re = —NVxe + It (78)

The export demand dynamics states that the export increases with the foreign demand
while a relative increase in export prices reduces the foreign demand for exported

goods.

The exporters is also set the price according to Calvo (1983) style such that (1 — 64)
of the exporters adjust their prices while the rest 8, of them set the prices by backward

pricing according the following rule;

~ PX,t—l
PX,t = PX,t—l <P—

X,t—2

> =Pyt (1 + 1y 1) =Py 1(Tx ;1) (79)

Once again, the maximization of the stream of the future profits according to the export
demand, together with the price stickiness results with the following export price

inflation represented in the log-linear form:

fixe = P(1 — Ox)Efix 1 + Oxfix 1 + AxMex, (80)
where
(1—-B0x)(1 —6y)
AX =
Ox

and

Mmcy = —PH’t

Xt EtPx ¢

which represents the real marginal cost for the exported goods.

The log-linear form will be;
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MCx,e = Dt — € — Dx,e (81)
and first differencing, we get;
MCyx ¢ = MCx -1 — A& + Tl — Tixy (82)
Denote yy . the ratio of the export prices to the foreign economy price level;

Px.¢

e (83)

Yxt =

so that, we can write the deviation of the relative export prices from the steady state

level as;

Vxt = Vxt-1t+ fixe — it (84)

3.1.8. The Foreign Economy (The Rest of the World)

The foreign economy in the model is introduced in a simple manner while the main
relationships between domestic and foreign economy is not overlooked. It is assumed
to be exogenous to the domestic economy. Therefore foreign prices r/, output y; and

the interest rate i; are assumed to follow an AR (1) procepp.

= Apmi_, 4 €F (85)
yi = Apyi el (86)
ii =Apif_ +el (87)

3.1.9. The Central Bank

The monetary authority aims to effect the macroeconomic variables, such as the
inflation level, output, unemployment level etc., through implementing monetary
policies by using several monetary policy tools. The effect of the monetary policy tools

Is transmitted on to the macroeconomic variables through the transmission channels,
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such as the interest rate, exchange rate, asset prices, credit growth etc., depending on

the specific policy tool selection.

In the traditional inflation targeting regime, the central banks aim to keep the inflation
level within a specified corridor or just target a specified point by using the short-term
interest rate as the single policy tool. Short term interest rate is used to respond to the
volatilities in inflation level and output gap. When the financial stability is
incorporated into the monetary policy objectives, the central banks need to be equipped
with additional policy tools in order to exclude the probability of an unintended
interactions between the policy tools. As a single tool, for instance, an increase in
interest rate to contain the inflation will also induce an appreciation in the exchange

rate and jeopardize the financial stability objective.

Accordingly, we have designed the monetary policy side of the model such as that the
central bank is equipped with three monetary policy tools; an interest rate rule and two
macro-prudential policy tools. The policy tools compose the variables which are
already observed by the central banks regularly and the central banks have the power

to intervene them.

The interest rate tool is designed as a modified version of a regular Taylor (1993) rule
and states that the central bank will employ the short-term interest rates in order to
contain the volatilities in the inflation rate and the output gap. Although there are
studies by Cubas (2012) and Adolfson et.al. (2007) which inserts one or more of any
other variables (such as the loan rate, exchange rate etc.) into the scope of the interest
rate tool, because of the reasons just aforementioned, we adopt a modified version of
Cufadar (2012) and use two additional policy tools other than the interest rate tool.
The macro-prudential policy tools, here, react to the volatilities in the exchange rates,
loan growth and trade balance in order to maintain the financial stability. They function
as a “premium over the funding cost” by increasing the spread between the funding
and lending rate of the domestic and foreign currency so that containing the excessive

credit growth in line with the financial stability objective.

Accordingly, the model is closed by introducing the monetary policy rules as
following;
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18 = Piie? + (1 =) [lpnﬁt + l/’yf’t] (88)
PP = Yy p®EE + (1 — Yup) [lpq,MP@t + l/}l,MPzt + l/)tb,MPt’Bt] (89)

DUPX = Ppx PMPX + (1 — Yypx) [d’q,MPX@ + lpl,MPth + l/th,zvur’Xﬁ?t] (90)

where Y;, Yup, Yupx, Y Py ¥q, Y1, Prp are the interest rate smoothing parameter,
the first macro-prudential tool rate smoothing parameter, the second macro-prudential
tool rate smoothing parameter, the coefficient of the inflation gap, the coefficient of
the output gap, the coefficient of the real exchange rate gap, the coefficient of the loan
stock gap, the coefficient of the trade balance gap for the related macro-prudential

policy tool respectively.
3.1.10. Domestic and External Market Clearing Conditions

We build a model without government in order to focus on the transmission

mechanism of the macro-prudential policies.
The goods market clearing conditions can be expressed as:

Yi =Cht + Cye + Xe — M, (91)
Since €y, = M, we can write the goods market equation as;

P\ " P\
Y, =Cyr+ X, = (1—a) (T) C, + P; A (92)
t t

The log-linear form of the goods market equilibrium can be represented as;

= s 3 e + 0 (93)
where
Crss = Chss + Cyyss = Chss + Mg (94)
and,
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XSS MSS]

thgs = [_ -

95
YSS YSS ( )

Meaning that, the goods markets clear when the domestic output is equal to the sum
of domestic consumption of home goods and imported goods and the foreign

consumption of home goods, where;

.
Cue= (-0 (1) (96)
t
and,
EPuc\ "
Xe = Cije = (a) (P—”> o (97)
t

From (96), the amount of the domestic goods consumption depends on the amount of
the total consumption, degree of the openness, the elasticity of the substitution between
home and foreign goods, and the relative price of the home goods to the aggregate

domestic price level.

And from (97), the amount of the foreign demand for the domestic goods depends on
the amount of the total foreign consumption, the degree of openness of the foreign
economy, the elasticity of the substitution between home and foreign goods, and the

relative price of the home good to the aggregate price level in the foreign economy.
We will also define the equation for the net foreign assets as;
EB; = itf(E:Bi_1 + EP; M, — gtPX,tXt) (98)

which is the sum of the domestic currency value of export and import, and the interest
payment for the existing debt stock, where iLf; = i;_ ®ERPOMEX is the augmented

external borrowing rate.
By defining;

EB¢
by = tD¢
P Y

(99)
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We can further write the foreign asset position as;

_ &bt

Py & Y1 &1Biy

EcPe

EtPye Pe

b; = = l%f:l(
Pth Pt gt—l Yt Pt—lyt—l

PY, f

The log linear deviation of the foreign assets from its steady state:

*
bSS

P x CRP /4yMPX
lssd)ss d)ss

VO . o~ M
= bss(Aet — Ay, — 1, + bt—l) + Y

X

T¥ % _ &CRP _ ZMPX
(bt — i — P8 — Dy

SS

SS

SS -~ —~ -~ ~
YL qt+tX,t+xt_yt)

SS

Table 2. The Log-Linearized Model

PY, B

(Ge + M = 3)

Xt> (100)

(101)

The Consumption Euler Equation

1
P A A C
Cc = EcCiqq — E(lt — Eftep1) + &

The Production Function

Q)

¢ + A

<>
-+

Labour Supply

=)

¢ =— (W —0Cy)

Sl-

Marginal Cost of Domestic Goods

~

mcg = Wt _at

Marginal Cost of Imported Goods

rﬁ\CM't = rﬁ\CM‘t_l + A’S\t + ﬁ: - ﬁM,t

Marginal Cost of Exported Goods

MCy ¢ = MCx_q — AS¢ + Ty — Tixe

The Inflation Dynamics of Domestic
Goods (New Keynesian Philips

Curve)

ﬁl-l,t =(1- eH)(f’H,t - f’H,t—l) + ﬁH,t—l

The Inflation Dynamics of Imported
Goods

ﬁM,t =B(1 - eM)EtﬁM,t+1 + eMﬁM,t—l + }\Mﬁl\CM,t

The Inflation Dynamics of Exported
Goods

iyt = B(1 — Ox)E(Tix c41 + OxTx -1 + AxMCx

Consumer Price Inflation

iy = (1 — )Ty, + (a)ﬁM,t

The ratio of domestic prices to the

total consumer prices

Yut = YHt-1 T T + T

The ratio of import prices to the total

consumer prices

Mt = YMt-1 T v — T

=
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Table 2. The Log-Linearized Model (contd.)

The ratio of export prices to the total

foreign prices

PO ~ —
Yxt = Yxt-1 T Txe — Tt

Import Dynamics

me = —Myme + G

Export Dynamics

R = _n*\?x,t + 9t

External Balance

b, S
: b =7 — CDC_RP _ chiPX
1;S¢E§P¢ysp ( t t t-1 t-1 )

= b3s(48 — Ay, — & + by_,)

SS

+
YS S

(q¢ + m; = §0)

X L
_Y_SS(CTt+tX,t+Xt_Yt)
SS

Financial System Dynamics D = iCB + PMP ; iLF = 17 4+ PERP 4 PMPX; D = (B
Country Risk Premium BCRP = (CRPhy 4 gCRP
Uncovered Interest Parity Condition M — 1 = EAZyq
The Real Exchange Rate Gt = Qg + St —Seq + T — T,
itCB = Ll’iitC—B1 + (1 - [q’nﬁt + LI’y}A’t]
O = Ppp®T + (1
= Ymp) [l|1q,MP€1t + Yy mple
Monetary Policy Equations + Yo mpthy)
BYPX = Yypx P + (1
— Unmpx) [lIJq,MPXQt + lIJl,MPXit
+ Wb, mpxthy]
Foreign Economy Dynamics T = AT, +€F ; yi = Ay yi-1 + sf* H

(Exogenous)

. Sk
Apif_qg + &

Structural Shocks:

Consumption

e =0.80¢f +uf ; ut ~WN (0,02)

Country Risk Premium

g™ = 0.80 ef” + ug®”; uf*? ~ WN (0, ogp)

Technology

€2 =0.80& +u? ;uf ~WN (0,02)

Foreign Inflation

el =080l +ul ; ul ~WN (0,02.)

Foreign Output

¢ =0.80 £¥* + uf* cuw ~WN (0, cf,*)

Foreign Interest Rate

ei =0.80¢el +ul; u ~WN(0,02)
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3.2. Calibration of the Model

We have been consistent with the literature in specifying the model parameters.
Especially, regarding the parameters of the domestic economy we have utilized the
studies on Turkish economy, of which Alp and Elekdag (2011), Cebi (2012) and

Cufadar (2012) are the main studies to mention but a few.

In line with the literature, the coefficients of the AR (1) structural shocks are set as

0.80 in order to create sufficiently significant persistence.

The calibrated parameters are listed in Table 3.

Table 3. Calibrated Parameters

Value

Parameter Symbol

(Policy 1/ Policy I1)
Discount Factor B 0.99/0.985
Consumption intra-temporal elasticity of substitution n 1.00
Elasticity of export demand n* 0.25
Share of imported goods in consumption a 0.25
Relative risk aversion o 1.00
The inverse elasticity of the labour 1) 2.00
Mark up in domestic goods utt 0.15
Calvo parameter for domestic goods 0y 0.31
Calvo parameter for imported goods Oy 0.55
Calvo parameter for exported goods Ox 0.55
Elasticity of country risk premium QCRP 0.05
Country risk premium OERP 1.005
Macro-prudential policy premium oMP 1/1.005
External borrowing macro-prudential policy premium MPX 1/1.005
External debt stock bgs 0.40
The interest rate smoothing parameter Y; 0.70
The coefficient of the inflation gap Y 3.2/33
The coefficient of the output gap Y, 0.2/0.1
The macro-prudential tool rate smoothing parameter Yyp 0.70
The coefficient of the loan stock gap Y up 0.50
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Table 3. Calibrated Parameters (contd.)

The coefficient of the trade balance gap Yebupx 0.6
The coefficient of the real exchange rate gap Yqmpx -0.8
The macro-prudential tool rate smoothing parameter Yypx 0.70

3.3. The Steady State Equations

The steady state values for the main endogenous variables are derived by dropping
time indices and assuming that the steady state the inflation rates for foreign and
domestic economy are IT = 1 and I1*=1 respectively. The productivity is assumed to

be A = 1 and the relative prices are ¥ ¢, ¥ ¢, ¥x,c €qual to 1.

Using the equation (11) for the Euler condition;

BE, I(g)_o gl PP =1 (102)

we obtain the steady state value for the domestic interest rate:

[E

iD= 7 (103)

Using the equation (41) for the Uncovered Interest Parity Condition we get the
condition for the foreign interest rates;

. . E. .
lst = lss Et(g) = l_gsB (104)

For the macro-prudential policy variable we can use the similar identity and assuming

that the macro-prudential cost is bigger than zero we can write;
iy = i@ = i5d'” (105)

Assuming the rental rate for the working capital is the average of the domestic and

foreign lending rates, we obtain;
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Tss = (1_155 + lésD)/Z (106)

The price of the final good is set with a mark-up over the marginal cost so that we can

write;
P=1+uhHmMcC (107)

And the steady state value of the real marginal cost will be;

mcgg = (108)

14+ uft

Assuming zero trade deficit at steady state and using the equilibrium condition in the
goods market we can derive the steady state conditions for the trade deficit and the

foreign assets as;

EB”

EB* &P EP
— ;*@CRP pMP (_ _ Xy ) 109
py py Yy Mt T py ¢ (109)
Or, in the steady state we can represent;
b* — i;5¢.S€SRP¢.S{\gPX ()& _ MSS) (110)
> ((i;s - 1) + cpSCSRPquI\;IPX - 1) Yss Y;s

meaning that a positive debt stock necessitates a positive trade balance.

Given the import share (a) of the output, we can write the steady state condition for
the exports as;

X it — 1) + oSRPPMPX — 1

i =a + (( SS ) SS SS )b;S (111)

* CRP /MPX
lSS¢SS ¢SS

Therefore we can get the condition for the domestic market equilibrium as;
(1+ a +thg)Yss = Crss + Xss (112)

where;
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XSS MSS

thgs = [_ -

YS S YSS

|

Table 4. Steady State Values for Alternative Policy Options

(113)

Policy Tool:
value Descrintion Policy Tool: Interest Rate +
P Interest Rate Macro-prudential
Tools
Domestic and Foreign
iz =il . 1.010 1.015
interest rates
iLtD =D pMP Domestic Lending Rate 1.010 1.020
it = i; DSRP pMPX Foreign Lending Rate 1.015 1.025
Ty = (iLF +itPy/2 Average Lending Rate 1.013 1.023
mCSS -
Marginal Cost 0.87 0.87
Mmcgg
Css/Yss Consumption / GDP 0.994 0.990
Xss/Yss Exports / GDP 0.256 0.260
Mg/ Yes Imports / GDP 0.250 0.250
thgg Trade Balance 0.006 0.010
Consumption share in
CH /Y ) 0.744 0.740
production
Exports share in
XH /Y ] 0.256 0.260
production

3.4. Parameter Analysis

Calibrated parameters in Table 3. and the steady state values in Table 4. reveal further
information about the working mechanism of the model and display the role of the

additional policy tools in this mechanism.

The degree of opennes () is set as 0.25 which is a benchmark value for the studies

on Turkish economy and shows how much of the total consumption is composed of

imported goods.

We set the discount factor (f) as 0.99 when the monetary authority follows “Policy I”
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and uses only the interest rate as the monetary policy tool, which then implies 4.0 %
annual interest rate. When the monetary authority follows “Policy II” and uses
additional macro-prudential tools which includes a capital control tool, the discount
factor decreases to 0.985 and leads to 4.5 % annual interest rate. The inclusion of
macro-prudential tools increases the funding cost of the domestic financial system.
Yet, the household seems indifferent between a future consumption and present
consumption in both cases since high discount factor reflects patient households.

The inverse of the elasticity of substitution in consumption is setas ¢ = 1 which means
that the households change their consuption one-by-one in response to changes in
interest rates. The inverse elasticity of labour supply is set as ¢ = 2 which implies that
labour supply increases half of an increase in the real wages and reflects the non-

elasticity of labour supply.

The elasticity of substitution between domestic and foreign goods is set as n = 1,
which means that the household is indifferent between them and can modify its

consumption one-by-one according to changes in the prices of those goods.

Regarding with the price setting, 8; = 0.31 of the domestic producers, 8,;, = 0.55 of
the importing firms and 8y = 0.55 of the exporters don’t change their prices. It means
that the price of the domestic goods stay unchanged for about 1/(1 —6y) = 1,4
months and the duration for the price of both imported and exported goods are 2.2

months.

The parameters of the monetary policy tools convey information about the policy
approach of the monetary authority. Regarding with the interest rate tool;

€8 = 0.70i¢E, + (1 — 0.70) [3.30 7, + 0.10 9;]

The interest rate smoothing parameter (y; = 0.70) reflects the effect of the last
period’s interest rate in the present interest rate and the parameter (1 — ;) reflects the
impact of the inflation level and output gap in interest rate decision. The comparison
of the coefficients of the inflation rate (1, = 3.30) and output gap (3, = 0.20)
release that the central bank response to the deviations of the the inflation level from
its target more than the volatilities in output gap while fixing the interest rates. The
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central bank changes the interest rate 0.99 % in response to 1% deviation in inflation

while it is only 0.03 % change in interest rate for a 1 % deviation in output gap.
Regarding with the first macro-prudential tool;
PMP = 0.70£8 + (1-0.7) [0, + 0.6 [, + 0 tD,]

It is designed to contain the undesirable growth in credits. The coefficient of the loan
stock gap shows that the response of the macro-prudential tool to a 1 % deviation in

loan stock is 0.18 %.
Finally, regarding with the second macro-prudential tool;
®MPX = 0.70 BMFX + (1 — 0.70) [—0.80 §; + 0 [, + 0.60 tb,]

The response to 1% increase in real exchange rate is - 0.24 % while it is 0.18 % in

response to 1% increase in trade balance gap.
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CHAPTER 4: A BAYESIAN SVAR ANALYSIS OF MACRO -
PRUDENTIAL POLICIES OF THE CENTRAL BANK OF THE
REPUCLIC OF TURKEY

In this chapter, we provide some empirical evidence on whether the new policy mix,
in particular the reserve option mechanism (ROM), has been successful in containing
the key macroeconomic variables such as domestic credit conditions, the external
balance, the exchange rate and domestic inflation and in promoting macroeconomic
activity. Turkey constitutes a splendid example for this study: first, it is one of the
hardest hit countries by the crisis. Second, it devised the monetary policy and started
to implement two novel monetary policy tools right after the crisis. Third, it has a long
history of homogeneous monetary policy practice since 2000 (beginning of inflation
targeting regime). The homogeneous monetary policy period is important for empirical
research because the reserve requirements would have different effects if the central
bank had different targets other than interest rates (Glocker and Towbin 2015).

As a macroprudential instrument reserve requirement is utilised not only by Turkey
but also by other advanced and emerging countries as well, and particularly itself
received very high attention in academic circles. Curdia and Woodford (2011), for
instance, study the contribution of reserve remuneration under the zero-lower bound.
Kashyap and Stein (2012) analyse the role of reserve requirements in search of an
optimal monetary policy and its use as a financial stability tool. Both studies are on
advanced economies and suggest that the reserve requirement has re-emerged as a
financial stability tool in the post crisis period. Studies on emerging countries mostly
focus on the behaviour of the banking sector, such as the impact of reserve
requirements on the banking spreads and the credit growth (Herrera et al. 2010;
Glocker and Towbin 2012; Tovar et al., 2012; Armas et al., 2014) and are lacking in
the effects on other aggregate or external factors, such as GDP, unemployment, current
account, or inflation. Alternatively, Glocker and Towbin (2015) provide a broadly-
based analysis of reserve requirements and investigate the joint dynamics of the basic
macroeconomic variables. Lubis et al. (2021) also investigate the effect of reserve
requirements as a macroprudential instrument on macroeconomic variables of the

Indonesian economy with a comprehensive approach.

46



Reserve requirements as a macroprudential instrument in Turkey has also received the
attention of scholars, especially in the first couple of years of the implementation of
the new policy mix. The most notable examples are as follows: Alper et al. (2014)
focus on the interaction between reserve requirements and the bank lending behaviour.
Aslaner et al. (2015) and Oduncu et al. (2013) analyse the reserve requirement policy
in Turkey by the reserve option mechanism (ROM) and both follow a partial
equilibrium approach. Other papers explain the effectiveness of reserve requirements
as a macroprudential tool. Among them, Sahin et al. (2015) emphasise the supportive
effect of the ROM in controlling the capital flow and Erten and Gezici (2014)
emphasise the complementary effect of reserve requirements in reducing the capital
flows. Degerli and Fendoglu (2015) proves its stabilising role on the excessive
movements of the exchange rate. In a more recent study, Binici, Kara and Ozlii (2019)
employ reserve requirements as an additional variable in order to explain the private
bank’s lending and borrowing behaviour rates during the QE period and underline the

significance of reserve requirements on commercial loan and deposit rates.

Like the literature on emerging markets, the literature on Turkey has almost entirely
focused on the effect of reserve requirements, as a macroprudential instrument, on the
banking sector and short-term financial indicators. Varlik and Berument (2016)
include industrial production and imports in their VAR and this constitutes an
exception. However, the sample covers the period from January 1992 until May 2013
which cannot be characterised as a period of homogeneous monetary policy practice.
Moreover, it only covers the initial period of macroprudential policy practice. Varlik
and Berument (2017) investigate the effect of different monetary policy rates on
economic performance including the upper and lower bounds of the interest rate
corridor, which constitutes another exception. Our study is a contribution to this
literature and complements it in two important ways. First, it is a contribution to the
impact of macroprudential policy on the macroeconomy and not only on the banking
or financial sector. In this sense, we contribute to the literature on macroprudential
policy in emerging markets as well. Second, we analyse the entire period when the
macroprudential mix was in place rather than focusing on the initial years and study

both macroprudential instruments.
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4.1. Data and Methodology

Macroeconomic variables usually have a contemporaneous relationship between
endogenous variables, so the vector auto-regression (VAR) estimation in reduced form
Is incapable of revealing how the endogenous variables affect each other as the reduced
form residuals are not orthogonal. The seminal work of Sims (1980) introduced the
structural vector autoregressive (SVAR) framework to capture interdependencies
between endogenous variables. Nevertheless, the SVAR model cannot be estimated
directly because of the feedback effects from contemporaneous variables. The
reduced-form VAR, on the other hand, contains predetermined time series and can be
estimated. So, it is possible to start with a reduced-form model and retrieve the
structural parameters and shocks by imposing identifying restrictions on the

parameters in the coefficient and residual covariance matrices.

In order to estimate the model, we used a Bayesian methodology. We imposed a set of
timing, zero and sign restrictions in a nine-variable structural vector auto-regression
(SVAR) system to identify the reserve requirement and the interest rate shocks. We
followed the method introduced by Arias et al. (2014) by using the notation borrowed
from Dieppe et al. (2016). We started by writing the reduced form of the estimated

model as:
Ve =¥x,+ X0 Ay +e; with ¢~N(0,2) t=1,...,T (1)

where, y. = (V16 Vo600 Yne) IS@N 1 X 1 vector of endogenous variables, x; is an
m x [ vector of exogenous variables (constant terms, time trends, exogenous data
series), &; is a reduced-form error term with variance covariance matrix X, p is the lag
length, (44, A;,..... Ap) are n x n coefficient matrices and C is an n x m coefficient

matrix.
Next, we specified the model in structural form.
Doy: = Fx; + X0 Diy,i +n, with n,~N(O, ) t=1,...,T (2)

ne is a vector of structural innovations with variance covariance matrix I". For

notational purpose define D = Dy and pre-multiply both sides of Equation (2) by D:
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Ai - DDL (3)
C = DF (4)

& = Dn; (5)

The one step ahead prediction error &, is where we looked to understand how structural
shocks are transmitted through the economy. The method used to decompose &; into
economically meaningful forms in order to understand this transmission mechanism
deserves special attention. Equation (5) represents &, as a linear combination of
orthonormal structural shocks &, = D.n;, where suppose E (n.n;) = In and D is the
impact matrix of each structural shock. In this representation D serves as a structural
matrix and helps to recover structural innovations from the reduced-form VAR
residuals. In other words, the matrix D shows the immediate response of endogenous
variables to one standard error innovation in &,. The only restriction on the matrix D

comes from the form of the variance-covariance matrix:
I=E[e,e{] = E[Dn,n;D"] = DD’ (6)

This equation gives us as many as n (n — 1)/2 degrees of freedom in specifying D
matrix (given n? elements of D to identify, and n (n + 1)/2 restriction from X, there
remains n (n — 1)/2 restrictions to identify D matrix). Since the current restrictions on
D matrix was not enough to identify the shocks to &;, we needed further restrictions on
D. As discussed in detail in Section 3.2, in order to identify the reserve requirement
and the interest rate shocks, we applied a combination of sign and zero restrictions as
proposed in Uhlig (2005) and followed the algorithm as presented in Arias at al.
(2014).

4.1.1. Data

The CBRT started to employ macroprudential instruments in the last quarter of 2010
when the aftershock of the financial crisis started to come ashore in Turkey. Following
an intense implementation of this multi-tooled monetary policy, as the global
economic outlook started to normalise, the country announced its roadmap to simplify
the monetary policy implementation in August 2015. The main incentive of this

simplification was to form a more predictable monetary policy to improve the
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expectations of the economic agents. As of May 2018, the CBRT completed the
simplification period and the interest rate corridor was abolished. Moreover, the active
use of the ROM has been diminished gradually, and the CBRT declared that it will end
its usage in 20221,

We used monthly data from October 2010 to May 2018, in which both instruments
were actively used, in order to capture not only the effect of each policy instrument on
the economy but also to analyse the interaction between them. While the time span
does not seem to be very long, the period contains adequate data to judge the
effectiveness of the new policy approach with Bayesian methodology. Besides, given
our sample size, we formulated a SVAR model that could capture the effects of the
reserve requirement policy shocks and the interest rate shocks with a minimum number
of variables. The endogenous variables include unemployment (U), the consumer price
index (CPI), the current account (CA), the spread between deposit and the lending
rates (SPRD), the bank credits (CRED), the bank reserves (RSRV) and the exchange
rate (USD) and two variables that are directly related to the new macro-prudential
policy mix: a measure for the reserve requirement policy (RR) and the overnight
interest rate (ON)2. The lag length was chosen as one based on the following standard
tests for choice of lag length: Likelihood Ratio test (LR), the Final Prediction Error
(FPE), Akaike Information Criterion (AIC), Hannan-Quinn Information Criterion
(HQ) and Schwarz Information Criterion (SC). At this lag length, the null hypothesis
of no autocorrelation could not be rejected by the Lagrange Multiplier (LM) test. Based
on the outcome of the seasonality tests®, the consumer price index, the current account

and the real credit were seasonally adjusted with the Tramo/Seats method.

We included the volatility index (VIX), the Industrial Production Index for the
European Union (IP), the commodity price index (CP) and the US Federal Funds rate
(FED) as exogenous variables to capture the external effects on a small open economy,
Turkey. The exogenous variables were entered into the model with two lags and the

vector of exogenous variables also included a time trend as a deterministic variable.

We tested the stationarity of our variables and provided the unit root test results as
Supplementary material. We conducted in total 6 unit-root tests: Augmented Dickey
Fuller (ADF) unit root test with an intercept and with or without a trend term, Phillips-
Perron (PP) unit root test with an intercept and with or without a trend term and the
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Kwiatkowski—Phillips—Schmidt—Shin (KPSS) unit root test with an intercept and with
or without a trend term. All unit root tests unanimously found that CPI, domestic credit
(CRED), reserves (RSRV), exchange rate (USD) and federal funds rate (FED) are
nonstationary. The results of the rest of the variables were mixed. Even though the
analysis employed nontionary macroeconomic data, we used all variables in levels as
recommended in Sims (1980) and Sims et al. (1990), discussed in Enders (2010),
Fanchon and Wendel (1992), Christiano et al. (1999), Uhlig, (2005) and Binatli and
Sohrabji (2019) are the examples of VARs with nonstationary macroeconomic
variables in levels. Carriero et al. (2015) further analysed Bayesian VARSs with
possibly nonstationary macroeconomic variables in levels along the lines of Sims
(1980) and concluded that modelling choices lead to very small losses in forecasting

power, thus making BVARS a versatile econometric tool.
4.1.2. Identification of Structural Shocks

The main question here was how to formulate a reliable identification scheme. There
are several methods of identification in the VAR literature. The recursive approach
(Cholesky ordering) imposes short run restrictions on model parameters and assumes
that the central bank does not influence the fast-moving variables in the short run, as
implemented by Fatas and Mihov (2001) and Tovar et al. (2012). The sign restriction
approach imposes restrictions on impulse response functions, as in Mountford and
Uhlig (2009) and Glocker and Towbin (2015), whereas the narrative approach imposes
restrictions on the structural parameters in line with the key historical events so as to
ensure that the structural shocks represent those episodes, such as in the studies by
Federico etal. (2012), Antolin-Diaz and Rubio-Ramirez (2018) and Rojas et al. (2020).

In our identification scheme, we imposed timing, zero and sign restrictions on impulse
response functions to identify the reserve requirement shock and the interest rate
shock. We followed economic theory and used exact identification, which resulted in
more accurate impulse response functions and a unique D matrix for a given parameter

estimate.

A positive reserve requirement shock will trigger an increase in bank reserves and in
reserve requirements. The theory behind this reaction is that the central bank needs to

increase the nominal reserves in order to compensate for the upward pressure of
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reserve requirements on the policy rate.

A positive interest rate shock on the other hand reflects an increase in prices and a
reduction in bank reserves. The implementation of an interest rate rise is executed by
withdrawing money, which results in lower reserves. We further propose that the price
level responds negatively in the second period to eliminate the price puzzle (Sims
1992; Christiano and Eichenbaum 1992).*

In order to identify the two policy shocks of the CBRT, we followed (Glocker and
Towbin, 2015) and defined a block of slow-moving variables which responded to
policy shocks with delay. This block of slow-moving variables included
unemployment, the price level and the current account. The fast-moving variables on
the other hand responded to shocks within a month and included the nominal exchange
rate, total credit, bank reserves and the spread. The timing (or zero) restrictions were
imposed on the slow-moving variables for one month and the sign restrictions were
imposed on the fast-moving variables for three months. Where there was not a
consensus on the response of the variables, the response was left unrestricted and an
agnostic approach was accepted; the impulse responses were determined by the

estimated model. The identification restrictions are summarised in Table 5.

Table 5. Identification restrictions.

Variable RR Shock Interest Rate Shock

U 0 0
CPI 0 <0
CA 0 0
SPRD 0 0
RR >0 .
ON ° >0
CRED ° °
usD ° °
RSRV >0 <0

Note: We imposed zero restrictions to only the first month and the sign restrictions were applied to
the first quarter. The response of the CPI to an interest rate shock was left agnostically open in the
first month and the sign restriction was applied in the second and the third month. For the definitions

of the data, see Appendix A.
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In order to impose the zero, timing and sign restrictions, we exploited the BEAR
toolbox by Dieppe et al. (2016), which followed the same algorithm as presented in
Arias et al. (2014). In Bayesian framework D is regarded as a random variable, like
parameters of the VAR system. Therefore, the algorithm drew the impact matrix D
from the posterior distribution of structural parameters conditional on zero restrictions
and applied the QR decomposition D = QR. Each column of the Q matrix was selected
recursively by standard normal distribution on R". The recursive selection of Q matrix
proved that it was selected from a uniform distribution of the posterior of structural
parameters conditional on zero restrictions. If the sign restrictions were satisfied the
draw was kept. The procedure proceeded until the required number of draws was
obtained. In our study, the algorithm worked until 1000 accepted draws were obtained.

The prior selection is another important stage of the Bayesian VAR analysis. Since the
literature lacks adequate previous study using Bayesian techniques to analyse the
reserve requirement and the interest rate policy in Turkey, there are no ready-to-use
priors to rely on. Therefore, we employed the analysis for Minnesota prior, Normal-
Wishart prior and Independent Normal-Wishart prior, which are the benchmark priors
in Bayesian VAR. The analysis presented in this study is based on the Minnesota prior
which assumes that each variable follows a random walk and thus is appropriate for

our sample with nonstationary variables.®
4.2. Empirical Findings

We display the impulse response functions iterated by using the identification scheme
given in Table 5. Each response function displays the response of the given variable
to a one standard deviation in the relevant shock. The solid blue line shows the median
responses and the shadowed area around the line is 16% and 84% quantiles. Therefore,

the shadowed area corresponds to a 68 percent credibility interval of the response.®

Impulse response functions to a reserve requirement shock are presented in Figure 13.
The responses are largely in line with the literature and with the expectations from new
policy tools implemented by the CBRT. With respect to the credit market, the spread
rises for about seven months and the response stays positive for more than a year after
a reserve requirement shock, which is a reasonable response considering the implicit

tax effect’. Domestic credit is slow to respond initially but eventually declines
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sluggishly after about eight months and remains so for two years. Alper et al. (2014)
also noted that domestic credit remained stable in the initial months of the monetary

tightening cycle. The response of domestic credit is slow and limited but persistent.

The exchange rate shows a fractional decline as an immediate response and wanders
around the zero axis over the scope. We observe a distinct improvement in the current

account which lasts for nearly one year.

The price level shows an insignificant downward response while the unemployment
rate decreases slightly over a period of more than one year. The decline in the
unemployment rate, although theoretically unexpected, reflects the dynamics of the

Turkish economy in the period under study.

The increase in the reserves shows that the reduction in the bank reserves following an
increase in the reserve requirement is compensated by the central bank but the increase

in the policy rate further reveals that it performed only partially.
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Figure 13. Responses to the reserve requirement shock.
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Impulse response functions to an interest rate shock are presented in Figure 14. The
responses are again consistent with the literature. We will compare our results with
those of Glocker and Towbin (2015) for Brazil, since this is the most comparable
analysis to ours given the methodology and the range of variables studied. In response
to an increase in the overnight interest rate, which is the interest rate around which the
corridor is constructed, the price level falls significantly, which shows that the
identification scheme overcomes the price puzzle. A trough is reached after three
months and this level is maintained for almost a year. In Glocker and Towbin (2015)’s
analysis of Brazil, the price response to an interest rate shock is similar but lasts much

longer: a trough is reached after a year and it takes another 18 months to die out.
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Figure 14. Responses to the interest rate shock.

Regarding the external variables, the nominal exchange rate appreciates only
infinitesimally and then navigates around the zero axis. The response in Brazil is an

initial appreciation of 5% and the currency does not depreciate back to its initial level
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for almost a year. The interest rate shock in Turkey does not help increase the value of
the currency but only helps maintain it. The current account turns back to its balance
after a slight deterioration for about one year, which is again an expected reaction. In
comparison to Brazil, we again note that the response is faster and shorter lived.
Surprisingly, the unemployment rate does not increase after a tightening of the
monetary policy. This response of the unemployment rate is in line with our
expectations since Turkish economy displayed a strong recovery after a short

depression in 20098 owing to strong domestic and external demand.

The credit market shows an expected response so that the credit shrinks after the
contractionary effect of the increase in the policy rate. The spread declines as the
overnight rate increases which can be explained by the findings of Binici, Kara and
Ozlii (2019). They show that the overnight rate has an asymmetric effect on loan rates,

affecting corporate loan rates more strongly than consumer loan rates.

Figure 15. shows the forecast error variance decomposition for the reserve requirement
and the interest rate shocks, depicting what proportion of the variance in the variables
Is explained by each shock. In other words, the forecast error variance decomposition
represents the importance of the intended shock on the variables and reveals the

transmission mechanism of these policy tools.

After 24 months, both the reserve requirement and the interest rate shocks no longer
have a significant effect on the variations in unemployment and the current account,
about 2% and 1% respectively. Most of the variation in the consumer price index is
explained by interest rate shock, which is to be expected from a contractionary
monetary policy. The effect of the reserve requirement shock on the spread is
surprisingly lower than what the theory predicts, about 3% over the two years horizon.
This result may be attributed to indirect effects of other macroeconomic variables on
the spread other than the reserve requirement shock. The main incentive in employing
the two monetary policy tools was to contain credit growth and the volatility in the
exchange rate. The results reveal that expectations are realised. The variations in
domestic credits and the exchange rate are explained by the reserve requirement and

the interest rate shocks to a large degree.

To further investigate the robustness of our findings, we use the weighted average
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funding cost as the interest rate (WAFC), the headline consumer price index (CPI) and
the producers price index (PPI) instead of CPI-D. The responses to both shocks are
robust to the use of these alternative measures. These results are not presented here but

they are provided as Supplementary material.

4

[ ReserveRequirement
[ PoicyRate

SPRD

CRED UsD RSRV

Figure 15. Forecast error variance decomposition.
4.3. Discussion

Our results are directly comparable to those of Glocker and Towbin (2015) for Brazil
since both the methodologies and the range of variables studied are similar. Turkey
and Brazil also share similarities regarding external risks. In Brazil, the response of
the spread to a reserve requirement shock is almost identical. The response of domestic
credit is immediate in contrast, but otherwise very similar, that is small in magnitude
but persistent. So, in both Turkey and in Brazil, tightening lending conditions are
observed after a positive reserve requirement shock. In Brazil, an improvement in the

current account is observed accompanying a depreciation of the currency. In Turkey,

57



the reserve policy which enables banks to keep reserves in foreign currency makes it

possible to improve the current account without a change in the value of the currency.

A reserve requirement as a macroprudential tool is successful in stabilising the
economy and reducing unemployment. Glocker and Towbin (2015) found that
unemployment in the Brazilian economy responds differently to a reserve requirement

shock. Monetary tightening increases unemployment in Brazil.

The response of the Turkish credit market is qualitatively identical to the response of
the Brazilian credit market but there are important differences as well. The fall in the
spread is corrected after 10 months in Brazil but it takes twice as long in Turkey. The
responses of the Turkish economy generally mean a faster return to pre-shock levels
irrespective of the type of shock, but the response of the spread seems to be an
exception which may be explained by the asymmetric effect of the overnight rate on

loan rates.
4.4. Conclusions

In this chapter we utilised a Bayesian Structural VVector Autoregression (SVAR) model
with sign and zero restrictions in order to analyse the capability of the new policy tools,
namely the reserve option mechanism (ROM) and the interest rate corridor, of the
Central Bank of the Republic of Turkey in restraining the harmful effects of the post-
crisis period on the Turkish economy. The intended purpose of employing these tools
was to control the exchange rate, the current account and limit credit growth to
maintain the financial stability. The results reveal that the new policy frame is efficient
in curbing the volatility in the exchange rates and in improving the current account
balance. While the reserve requirements seem to be more effective on the current
account and partly on the exchange rate, the interest rate is explicitly better in
controlling the price level and credits. In this regard, the reserve option mechanism
cannot be assumed as an alternative to the interest rate but rather functions as a
supplementary instrument for achieving financial stability. Moreover, the results show
that the new policy framework is efficient in curbing the adverse effects of volatile

capital flows, at least during the period in which it is intensely implemented.

As discussed in the literature®, financial stability is a much broader concept than price
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stability, which necessitates the involvement of other regulatory authorities in policy
making or restructuring the central banks to support financial stability. Therefore, at
least in the Turkish case, we conclude that a comprehensive policy approach is needed
to curb credit growth in order to maintain financial stability in periods of high capital

inflow, which remains to be analysed in future work.

The policies implemented by the Turkish Central Bank in the aftermath of the global
financial crisis represent a bold and novel policy framework that has had at least some
of the intended consequences in periods when it was intensely used. The active use of
this policy ended in May 2018. The Turkish economy exhibited negative growth in the
last quarter of 2018 and the subsequent two quarters. The next year the COVID-19
pandemic wreaked havoc through the global economy as well as the Turkish economy.
As the pandemic is considered to be over in many countries as well as in Turkey, the
Turkish economy is experiencing much higher inflation than the rest of the world. The
Turkish lira is very volatile and has depreciated by 60 percent between September
2021 and February 2022.1° Monetary policy could have an important role to play in

stabilising the Turkish economy during these turbulent times.
Notes

1. See Monetary and Exchange Rate Policy of the CBRT for 2019, 2020, 2021 and
2022.

2. See Appendix A, Table 6 for detailed information about definition and source of

data. Figure 16 displays the time series plots of all the endogenous variables.

3. A battery of tests (both parametric and nonparametric) to detect seasonality, namely
the test on autocorrelation on seasonal lags, the Friedman test, the Kruskal-Wallis
test, the identification of seasonal peaks with the auto-regressive spectrum and
Tukey periodogram and the test on regression with seasonal dummies were

performed in JDemetra+ 2.2.3.
4. A surprise policy rate hike is followed by a consecutive increase in the inflation rate.

5. Using Normal-Wishart prior or Independent Normal-Wishart did not change the

results significantly. The results are available upon request.
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. The upper and lower bounds here do not correspond to error bands. Credibility
intervals render information about the distribution of impulse responses to a

particular shock.

. The increase in reserve requirements behaves like an implicit tax on the banking
sector and widens the spread between deposit and the lending rates (Glocker and
Towbin 2015).

. Strong domestic and external demand helped the Turkish economy recover quickly.
See Kara (2012) for the condition of the Turkish economy after 2008.

. For alternative mechanisms see Ozatay (2012), Ersel (2012), Basci and Kara (2011)
and see BIS (2011), BoE (2011) for alternative objectives for the central banks.
Bruno et al. (2017) show that macroprudential policies are more effective when

they complement monetary policy tightening.

10. The average monthly TL/USD exchange rate retrieved on 18 March 2022 from the

online database of the Central of Bank of the Republic of Turkey
(https://evds2.tcmb.gov.tr/) (accessed on 18 March 2022) was 8.51 in September
2021 and 13.62 in February 2022.
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Appendix B. Endogenous Variables
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Figure 16. Endogenous variables used in the baseline model.
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