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RESERVE OPTIONS M ECHANISM :
A NEwW M ACROPRUDENTIAL TOOL
TO LIMIT THE ADVERSE EFFECTS OF CAPITAL FLOW
VOLATILITY ON EXCHANGE RATES

Arif Oduncu, Yasin Akgelik, and Ergun Ermi soglu"

ABSTRAC Reserve Options Mechanis(ROM), which is the option to hold FX or gt
reserves in increasing tranches in place of Turkishreserve requirements of Turk
banks, was designed and launched by the Central Bartke Republic of Turke
(CBRT). ROM is a tool unique to the CBRTdit is aimed to support the FX rese
management of the banking system and to limit theese effects of excess volatility
capital flows on the macroeconomic and financiabititg of the economy. In this pap
we study the effectiveness of ROM the volatility of Turkish lira, and to the bedtaur
knowledge, it is the first empirical paper on invgsting the effects of the ROM. T
results suggest that ROM is an effective policy iaalecreasing the volatility of Turki

lira during the sample period.
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6z Bankalara Turk lirasi cinsinden zorunlu gbklarinin bir bélimini déviz ve alt
cinsinden tutma imkani taniyan Rezerv Opsiyonu Mekaasi (ROM), Turkiy
Cumhuriyet Merkez Bankas! tarafindan tasarlgnnae uygulamaya konulngtur.
TCMB'ye 6zgu bir pargpolitikasi araci olan ROM, bankacilik sisteminin @dvezen
yonetimini desteklemek ve sermaye hareketlerindgki oynaklgin makroekonomik v
finansal istikrar Gzerindeki olumsuz etkilerini #m@ak amaciyla kullaniimaktadir. |
calsmada, ROM’'un dow kuru oynaklgl tUzerindeki etkisi asguriimaktadir. Bildgimiz
kadariyla, ROM'un etkileri ampirik olarak ilk defaubcalsmada analiz edilmekted
Sonug olarak, ROM'un incelenen dénemde kur oygakiidsirict yonde belirgin k
etkisinin oldigu tespit edilmytir. . . 5 o
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1. Introduction

The global financial crisis took over the world enthe collapse of
Lehman Brothers in 2008 through profoundly complieancial linkages
within and between advanced and emerging econoia@sithstanding the
rate cuts that brought policy rates close to theo Zeound, advanced
economies have opted to implement radical measargs up the economy
from its ravaged state. While advanced economiesfacing with slow
demand and lower credit growth, emerging econonmage their own
problems to deal with as side effects of the formdifficulties. Global
monetary expansion created abundant liquidity wittie global financial
system that looked for a higher yield in an envinemt with interest rates
close to zero and emerging market assets weren@ea to this search.
This resulted in the volatility of short-term cagpitflows to emerging
economies.

In this volatile financial environment, emergingoaomies have started
searching new measures to maintain price and fiabsiability. Therefore,
finding a solution on incorporating financial stéliin the implementation
of monetary policy without diluting the price-sthyi objective has been a
main concern for central bank#éccordingly, it has started to be discussed
that using only short-term interest rates as thanpalicy tool may not be
enough to maintain price stability and contribuddihancial stability at the
same time. Interest rates that provide price stalahd financial stability
can be different and this necessitates central oémkuse multiple policy
tools.

! Brunnermeier et al. (2009), Bean (2009).
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Central Bank of the Republic of Turkey (CBRT) admpt new monetary
policy framework called the policy mix since Noveanl2010 in order to
offer a country-specific solution to this concémithin this framework,
CBRT recently designed Reserve Options MechaniB@M) that is the
option to hold FX or gold reserves in increasirapthes in place of Turkish
lira (TL) reserve requirements of Turkish bankghalgh there is excessive
volatility in the capital flows, volatility of Turkh lira has declined to
historically low levels (Figure 1). Moreover, TL$ihecome one of the least
volatile currencies among emerging economies.

In this paper, the effect of ROM on the volatiliof Turkish lira is
examined with the Generalized Autoregressive Catit Heteroskedastic
(GARCH) family of statistical techniques. To thesbef our knowledge, it
is the first empirical study in analyzing the etfe®f this mechanism.
Controlling for other factors, we find that ROM deases the volatility of
exchange rates in Turkey during the period analyzed

2 Capital flow volatility is the 3-month moving stdard deviation of one-year cumulative bond and tgqui
flows. Turkish lira volatility is the 3-month mownaverage of USD/TL volatility derived from 1-month
options.

% Emerging countries with a recent history of curraccount deficit are Poland, Brazil, Chile, SoAfrica,
Indonesia, Columbia, Mexico, Czech Rep., Romamid, Taurkey.

4 For details of the CBRT’s policy mix, seeg@aand Kara (2011); Kara (2012); Akcelik, ®a Ermisoglu,
and Oduncu (2013).

® Degerli and Fendglu (2013) show that TL has shown lower level ofatiity, skewness, and kurtosis
relative to other emerging economies’ currencigsrafiovember 2011 and this can be attributed terdést
rate corridor and ROM.
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The remainder of the paper is organized as folldvext section discusses
the measures taken against capital flow volatitijy emerging economies
after the global financial crisis. Section 3 expfaithe Reserve Options
Mechanism. Section 4 presents a brief review oflileeature. Section 5
gives details about the data set and the methogalegd. Section 6 shows
the empirical results of this study and Sectiomfiatudes the paper.

2. Measures Against Capital Flow Volatility

While advanced economies try to figure out thethamidst the financial
havoc, emerging markets are facing a differentlehgé in the post-crisis
episode. The excessive capital flow volatility poséficulties for emerging
market authorities. In order to deal with the adeetonsequences of capital
flow volatility, emerging markets implemented vamyipolicy measures to
sustain price and financial stability after thelglbfinancial crisis. These
measures can be considered in two categories: atapantrols and
macroprudential measures.

On the capital controls front, The Central BanlCbile extended the total
maximum foreign investment limit of Pension Fundsf 60% to 80%. In
Colombia, existing tax exemptions on the paymenintdrests for credits
granted by foreign entities are eliminated. Morepvariff tax was reduced
in order to stimulate imports. Through this, it veasied to increase demand
for foreign exchange and to prevent the apprecigiressure on Colombian
peso. In Korea, a tax of 14% on the profits earfieth national treasury
bonds for foreign investors has been started tdeiment® Brazil usedTax
on Financial Transactions (IOFYo curb excessive speculative capital
inflows; at first, IOF for nonresidents’ portfoliavestment in fixed income
instruments was increased from 0% to 2%, and lateas raised to 6%.
IOF on guarantees for external investment in thiarés market was also
raised to 6% from 0.38%Abarca et al. (2012) find evidence that these
measures have limited effect for most countriestiieumore, they argue
that in some cases these measures might have asigpponsequence from
the one projected. On the other hand, Pereira da &nd Harris (2012)
claim that these measures have been effectiveiBithzilian case.

On the macroprudential front, in Indonesia, thesres requirement ratio
for the foreign currency holdings was raised fro¥h tb 5%, and later it was
raised to 8%. Moreover, a new regulation on netopesition of foreign
currency liquidity was introduced for Indonesiamks In Turkey, reserve
requirement ratios were increased to prevent ekeessedit growth and to
control domestic demand. Moreover, reserve requrgm were

6 Abarca et al. (2012).
" Pereira da Silva and Harris (2012).
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differentiated according to the maturity in order lengthen the average
maturity of deposits. Also, CBRT terminated theenest payment on reserve
requirements. Furthermore, CBRT has started toe@mpht a new unique
tool called Reserve Options Mechanism that willdigcussed in detail in
the next section.

3. Reserve Options Mechanism

CBRT has designed and launched a new macropruti¢ath called
Reserve Options Mechanism that aims to support e reserve
management of the banking system, to increase §&tves of CBRT and to
limit the adverse effects of excess volatility impdal flows on the
macroeconomic and financial stability of the ecogom

ROM gives Turkish banks the option to hold FX ofdgeserves in place
of a certain fraction of TL reserve requirementse Thechanism is designed
to operate as an automatic stabilizer to changesapital flows through
giving the flexibility to Turkish banks adjustinghdir FX reserves
endogenously in accordance with their liquidity de®To make things
concrete, suppose, there is a surge in capitaivisfidue to search for higher
yields in emerging economies. With ROM in effecanking system
replaces TL with FX in its required reserve acceuntopping up the excess
FX liquidity in the market and relieving the appegon pressure on the
domestic currency, TL. If, on the other hand, dasegl risk appetite causes
rapid capital outflows, the banking system woultilfutheir FX needs by
withdrawing money from the ROM facility and replagiit with the now
abundant TL, preventing a depreciation pressureicurrency.

The mechanism was put in place in dynamic stemsder to familiarize
the market with the new policy tool as well as teanthe needs of the
liquidity conditions. At first, the upper limit foone-to-one FX reserves that
might be held to maintain Turkish lira reserve liegments was set at 10%
in September 2011 and then it was increased grgdiml40%. In May
2012, reserve option coefficient (ROC) was intragti@nd the upper limit
of the facility was raised to 45% — the total amoahFX in place of TL
reserve requirements is calculated by multiplyinge tfirst tranche
corresponding to 40% of TL reserve requirementsabRROC of “1”, as
previously, and the second tranche correspondin§%o of TL reserve
requirements multiplied by a ROC of “1.4”. Aftervmag been revised a
number of times, the upper limit of the above-mamid facility has been
raised to 60% in August 2012 and the current R@@sas follows: the first
40%:1.4, 40% - 45%21.8, 45% - 50%2.1, 50% - 55%2.3 and 55% - 60%:
2.4 (Figure 3).

8 For the design of the mechanism, see Alper ¢2al2).
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Figure 3. Reserve Options Figure 4. FX Reserves (Million USD)
Mechanism (FX)
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This new facility not only provides Turkish liragliidity to banks in a
more permanent way and lowers their cost, but siggports the CBRT's
foreign exchange reserves (Figure 4). In termstopurpose and effects,
ROM may be considered as analogous to sterilized ifi¥rventions’
However, ROM is a market friendly tool that smooths impact of capital
flow volatility on exchange rates and balance sheétthe Turkish banks
without affecting domestic currency liquidity.

4. Literature Review

Countries have implemented capital flow measurdsM§) in order to
prevent the negative effects of the volatility dfog-term capital flows.
These measures can be in various forms, such as thmposed on inflows
or outflows, on different maturities or on diffeteéppes of flows. During the
Asian crisis, Malaysia imposed CFMs and Kaplan Bodrik (2001) claim
that they had beneficial impacts. On the other hddornbusch (2001)
argues that they were imposed after the countrgadir stabilized. De
Gregorio, Edwards, and Valdes (2000) claim thatc#yeital flow measures
imposed by Chile were effective in increasing thaldy of the financing of
debt from short-term towards longer term. In castir&orbes (2005) argues
that short-term credit was penalized; hence, saradl medium-sized firms,

9 Alper et al. (2012).
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which typically find it harder to issue long-termorias, faced much higher
costs of capital.

Since ROM is a unique tool designed and operatedCBRT only,
literature on the mechanism is relatively thin aspkcifically ROM’s
effectiveness on managing exchange rate volaiiitghe face of capital
flows has not been worked on. Thus, first we wilefly highlight studies
that focus on the uses of reserve requirementara®pthe monetary policy
and then look at works in which the focus is thetdes that affect exchange
rate volatility — central bank interventions andremcy futures trading.

The purpose of reserve requirements within therakbanking circles has
evolved over time so has the literature on theamgkeffectiveness of them.
In the early days, they have been viewed as a sageand useful source of
liquidity for the banking system as well as a meahsnonetary control
process for the central banks. However, in the 8gor central banks have
reduced or eliminated reserve requirements, patie to changing
perspectives on monetary policy frameworks andlypdrtie to innovations
and deregulations letting banks circumvent depdissrequire reserves.

Weiner (1992) looks at the changing role of resemmguirements for
central banks and concludes that rather than begagl in a traditional
manner, i.e. controlling money stock, reserve negments are utilized in
facilitating control over short term rates. Reithand Reinhart (1999)
establish required reserves as a tool for mitigatime impact of foreign
exchange interventions on domestic money suppligsng times when
developing countries deal with the volatility of ptal flows. Montoro
(2011) constructs a New Keynesian model with a lmankector and an
interbank market that are constrained by capitdllequidity restrictions. In
this model, he finds that introducing reserve regaents can complement
monetary policy in stabilizing the business cycleew the economy is
subject to demand shocks, but not under supplykshé&locker and Towbin
(2012) also analyze the use of reserve requiremangxeserving price
stability and sustaining financial stability. Theesults imply that reserve
requirements are in favor of price stability obpeetonly if financial
frictions are non-trivial and are more effectivehére is a financial stability
objective and debt is denominated in foreign cusyerMimir, Sunel, and
Taskin (2012) construct a monetary DSGE model withaaking sector, in
which banks are subject to time-varying reserveuireqents adjusted
countercyclical to expected credit growth. The atgh find that
countercyclical reserve policy reduces the volasi of key real
macroeconomic and financial variables comparedixedfreserve policy
over the business cycle in response to Total Fatoductivity and money
growth shocks. Federico, Vegh, and Vuletin (201®&timguish reserve
requirement adjustments as endogenous and exogeds@aua narrative
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approach, and find that reserve requirement pdaicig as a substitute for
monetary policy rather than a complement.

On exchange rate volatility, empirical literaturegents mixed results on
the effectiveness of central bank interventionskibaand Shaw (1997)
claim that official intervention during 1983—199Ri chot smooth exchange
rate volatility of Australian dollar. Dominguez (@%) argues that
intervention operations generally increase thetilityaof exchange rates for
dollar-mark and dollar-yen over the 1977-1994 pgridomac and Mendoza
(2004) analyze this issue for Mexico and Turkey #mely conclude that
foreign exchange sales decreased the volatilityereds Guimardes and
Karacadg (2004), on the contrary, consider that these wetgions had a
limited effect on volatility. Disyatat and GalatO@7) do not find evidence
that interventions by the Czech National Bank hadrdluence on short-
term exchange rate volatility of Czech koruna.

Similarly, there are empirical studies about th@awt of the introduction
of currency futures trading into the underlyingremcy spot markets with
mixed results. Clifton (1985) observes an increa$evolatility in the
currency spot market after the introduction of fagiby using data from
Chicago’s International Monetary Market. Chatrathak (1996) study the
impact of the introduction of futures trading oe tfolatility in the spot rates
of the British pound, Canadian dollar, Japanese $aviss franc and the
Deutsche mark. They find that the introduction ofrency futures trading
has a significant positive impact on the volatility the exchange rate
changes. Jochum and Kodres (1998) find that tledaottion of futures on
currencies decreases the spot market volatilitglferMexican peso and has
statistically insignificant effects on the spot ketrvolatility of the Brazilian
real and Hungarian forint. Oduncu (2011) examines impact of the
introduction of futures trading on Turkish lira amshows that the
introduction of futures had led to diminished exula rate volatility of
Turkish lira.

5. Data and Methodology

The study uses the daily return on the currencidiabat is calculated as
0.5*(EUR/TL) + 0.5*(USD/TL). The data set coversetiperiod between
October 15, 2010 and September 28, 2012, with 514l pbservations.
Initial data point was chosen based on the remoVvalemuneration on
required reservel.Zero or very low interest rates on required resgnin
general, is considered to be a prerequisite farguséquired reserves as an
effective policy tool. The GARCH framework is usedorder to examine

2 CBRT announced the termination of interest paymentreserve requirements on September 23, 2010
(CBRT, 2010). This change became effective ashefdalculation period dated October 1, 2010 and the
maintenance period began on October 15, 2010.
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the impact of ROM on the volatility of Turkish lirdhe GARCH model has
been developed by Bollerslev (1986) from the Augoessive Conditional
Heteroskedastic (ARCH) model previously introdudsdEngle (1982). In

ARCH, the changing variance is included into estiomain order to obtain

more efficient results. It is assumed that thereom of the return equation
has a normal distribution with zero mean and a tirmgying conditional

variance, so the forecasted variance of returntequaaries systemically
over time. One of the most appealing features efGARCH framework,

which explains why this model is so widely usedhae literature, is that it
captures one of the well-known empirical regulestiof the returns, the
volatility clustering.

At first, how the exchange rate volatility has ched after the
introduction of ROM is examined using GARCH (1}'8s described below
in Model 1. In Model 1, the return on the currerm@sket is used as the
dependent variable, while a dummy variable forititeoduction of ROM is
used as an independent varialléf.the coefficient of the dummy variable is
negative and significant, it implies that exchamgee volatility is lower
during the period when ROM is in effekt.

Model 1:
Ry = Bo+ BiRe-1+ BoRe—s + B3R5 + & (1.a)
&~N (0, hy) (1.b)
hf = ao + algg_l + azht_l + C(3DR0M (1.C)

Model variables are defined as below:

R, =In(Pt/p,_ )+ 100, p,- value of the currency basket

D _ {O, the days before the introduction of ROM (15.10.2010 — 29.09.2011)
ROM 1,the days after the introduction of ROM (30.09.2011 — 28.09.2012)
Then, we fine tune our analysis of ROM on the \fitatof exchange
rates by enriching our model with the course of ¢thange in ROM over
time as well as other control variables that weelel to be important in TL
volatility. Hence, we construct Modet*n which the return on the currency
basket is used as the dependent variable similgtoatel 1 and the amount

1 GARCH(1,1) is selected over other GARCH specifiarat as it is the most frequently used model in
describing volatility in the literature as well esmarket analyses. (Beriiment and Giinay, 2003; ¢teaad
Lunde, 2005; Oduncu, 2011)

2 nitially, first five lags of the dependent varialR is included as regressors in the mean equatiowryt
the first, the fourth and the fifth lags are foutadbe significant. Thus, only these lags are inetliih the
model. However, we obtain similar results if ak tfirst five lags are included in the model.

Bt is a possibility that policymakers may reactte volatility of the TL itself through changinget ROM
trenches or the ROCs, implying an endogeneity énviiiriance equation. However, the data period @iésc
with the construction phase of the ROM mechanism, ¢hanges in trenches or coefficients are for
construction purposes and not for an endogenopsmss.

4 Like Model 1, initially first five lags of the depdent variable Rs included as regressors in the mean
equation but only the fourth lag is found to bengfigant. Thus, only this lag is included in the .
However, we obtain similar results if all the fifste lags are included in the Model.
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of FX reserves held in place of Turkish lira regergquirements is used as
an independent variable. The change in ¥[Xwhich well captures the
fluctuations in capital flows, a dummy for Additi@nMonetary Tightening
and the daily amount of FX sold by CBRT through temns and
interventions are used as control variables imtbeet®”. To normalize the
series of the amount of FX reserves held in plac&uskish lira reserve
requirements and the daily amount of FX sold by CBRrough auctions
and interventions, they are divided by QuarterlyFG@ Turkey.

Model 2:
Rt = )30 + ﬁlRf—‘l- + IBZRVIXt + IB3FXSt + ﬁ4DAMT + ﬂSROMt + Et (Za’)
g,~N (0, h,) (2.b)
h’t = ao + alé‘tz_l + azht_l + a3RVIXt + a4FXSt + asDAMT + a6ROMt (20)

Model variables are defined as below:
L (VIX, _
RVIX, =1n(""¢/ypy ) * 100, VIX,= value of the VIX

FXS, = The daily amount of FX sold by CBRT through auctions and interventions
t Quarterly GDP

D _ { 0,other days
AMT = | 1,days of AMT
ROM. = The amount of FX reserves held in place of TL reserve requirements
t Quarterly GDP

6. Empirical Results

First, unit root tests were applied to all variable check for stationarity.
Table 1 (in the Appendix) shows the of the Augmdni@ickey-Fuller
(ADF) test results. Based on tediXS, series is stationary; however, the
null hypothesis of the unit root was not rejectedthe currency basket, the
VIX and ROM,. Thus, in order to make data stationary, the ée®mR, and
RVIX, are obtained using abovementioned variables. T&blén the
Appendix) shows the results of the ADF test stasstfor these new
variables and it is found that they are stationaihough ROM, shows
non-stationary properties during the sample peiiod, bounded between 0
and 1; hence, it does not explode. Therefore, usihg, would not violate
the analysis since its impact on the FX volatilgyounded.

5 VIX measures the implied volatility of S&P 500 #doptions and it is quoted in percentage pointis |
widely used as an indicator for the global risketfip. The decrease in the VIX index signals ameiase in
the global risk appetite. VIX is included as a cohwariable in similar studies analyzing exchamgte
volatility (Cairns et al., 2007).

* The dummy variable for the days of AMT is includedthe model since Akgelik et al. (2012) show that
additional monetary tightening has a significarié i@ reducing volatility in the Turkish lira exchge rate.
Moreover, the daily amount of FX sold by CBRT islirded in the model because it might also affeet th
exchange rate volatility.

7 For robustness check, European VIX is used rattzer VIX and the similar results are obtained.
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Second, the correlogram of the standardized relsidaad square
standardized residuals are examined in order esasshether the selected
GARCH model fits well to the data. Table 3 and Eadl(in the Appendix)
show that the Q statistics of lagged auto cormtetiare insignificant
(p>0.05), so the selected GARCH models capturetiliteclustering and
persistence existing in the data.

In Model 1, the impact of the introduction of ROM the exchange rate
volatility is studied. Estimation results are showTable 52 Since the sign
of the dummy variable is negative and statisticaignificant at 1%, it
indicates that there is a decrease in the excheatgevolatility after the
introduction of ROM.

Table 5.Estimation Results for the Model 1

Variance Equation
Coefficient Probability
C 0.010 0.009
£2, 0.022 0.216
hi_q 0.958 0.000
Drom -0.007 0.003

The second model, where we enriched the first maatél the course of
the change in ROM over time as well as other conadables, assesses the
impact of ROM on the FX volatility. Table 6 presernhe results of the
variance equation of the Model. The coefficienR@M; is negative and it
is statistically significant at 5%. Thus, it showmt the Reserve Options
Mechanism is significant in lessening the volatilif the exchange rate in
the sample period. Moreover, additional monetaghtgning has also a
decreasing effect on the volatility of Turkish lish 5% significance level.
This finding is in line with the results of Akceli&t al. (2012). Also, the
change in VIX is statistically significant at 10@n the other hand, the daily
amount of FX sold by CBRT through auctions andrirgations do not have
any significant effect on TL volatility.

'8 Since the focus of this study is the volatilityTafrkish lira, the results of the mean equationaamétted and
not shown in Table 5 and Table 6.
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Table 6. Estimation Results for the Model 2

Variance Equation
Coefficient Probability
c 0.165 0.024
e, 0.084 0.126
he_y 0.450 0.047
RVIX, 0.003 0.099
FXS, 1.765 0.880
Dayr -0.059 0.022
ROM, -1.166 0.033

7. Conclusion

After the global financial crisis, it was well urmdeood by both
academicians and policy makers that price stabiitynot sufficient for
maintaining macroeconomic stability by itself andahcial stability is
integral to the well-functioning of the domestiaagiobal financial markets.
Therefore, finding a solution on how to incorport@ancial stability in the
implementation of monetary policy without dilutinthe price-stability
objective has become a significant concern forragéiiank authorities. The
Central Bank of the Republic of Turkey adopted & meonetary policy
framework called the new policy mix since NovemB@40 in order to offer
a country-specific solution to this concern. Insttpolicy mix, Reserve
Options Mechanism is a tool unique to the CBRT sl aimed to support
the FX reserve management of the banking systentahihit the adverse
effects of excess capital flow volatility on the en@economic and financial
stability of Turkey.

In this paper, effect of ROM on the volatility olLTis analyzed. After
controlling for other factors, it is found that RGO significant in lessening
the volatility of Turkish lira in the period anakd. Therefore, in addition to
being an effective policy tool in increasing the Feserves of CBRT and
supporting liquidity management of the banking eygst ROM contributes
to the financial stability of Turkey through limmg the adverse effects of
excess capital flow volatility.
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Table 1
Variable ADF t-Statistic Probability
pe -2.224 0.198
VIX, -2.251 0.189
FXS, -9.530 0.000
ROM, 1.127 0.998
Table 2
Variable ADF t-Statistic Probability
R; -21.201 0.000
RVIX, -16.435 0.000

Table 3. Correlogram of Standardized Residuals an&tandardized Residuals

Squared for Model 1

Lags Standardized Residuals Standardized Residwabquared

Q-Stat Prob Q-Stat Prob
1 0.002 0.965 0.077 0.781
2 0.985 0.611 1.838 0.399
3 2.223 0.527 1.842 0.606
4 2.329 0.676 1.867 0.760
5 2.329 0.802 2.172 0.825
6 2.347 0.885 3.951 0.683
7 3.329 0.853 10.040 0.186
8 8.145 0.419 13.937 0.083
9 8.145 0.520 15.058 0.089
10 8.735 0.557 15.498 0.115
11 11.718 0.385 15.687 0.153
12 13.647 0.324 15.695 0.206
13 13.653 0.399 15.893 0.255
14 13.659 0.475 16.371 0.291
15 13.829 0.539 16.698 0.337
16 14.156 0.587 16.728 0.403
17 14.368 0.641 16.754 0471
18 14.425 0.701 16.768 0.539
19 14.476 0.755 17.694 0.543
20 14.482 0.805 17.872 0.596
21 14.521 0.846 18.157 0.639
22 16.300 0.801 18.610 0.669
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Table 4. Correlogram of Standardized Residuals an&tandardized Residuals

Squared for Model 2

Lags Standardized Residuals Standardized Residuals Sared

Q-Stat Prob Q-Stat Prob
1 2.405 0.121 0.015 0.904
2 2.660 0.264 0.434 0.805
3 4.902 0.179 0.439 0.932
4 5.201 0.267 0.442 0.979
5 5.783 0.328 2.981 0.703
6 6.385 0.381 3.612 0.729
7 7.587 0.370 3.790 0.804
8 9.758 0.282 4.045 0.853
9 10.329 0.325 4.762 0.855
10 12.216 0.271 5.794 0.832
11 14.528 0.205 6.275 0.854
12 17.552 0.130 6.537 0.887
13 17.728 0.168 6.978 0.903
14 17.786 0.217 8.480 0.863
15 18.028 0.261 8.928 0.881
16 18.721 0.283 9.968 0.868
17 18.845 0.338 11.731 0.816
18 19.177 0.381 11.731 0.861
19 20.096 0.389 11.749 0.896
20 21.400 0.374 12.984 0.878
21 21.401 0.435 14.227 0.860
22 21.870 0.468 14.635 0.877
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