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Abstract: After adopting new monetary policy framework at the end of 2010, the Central Bank of the
Republic of Turkey (CBRT) started actively using both multiple short-term policy rates and funding
composition over the banks in order to manage the liquidity requirement of the banking system. In this
regard, this paper examines interest rate pass-through from multiple policy rates to the retail rates in
Turkey and explores asymmetries in the adjustment process within the framework of an asymmetric
ARDL model developed by Shin et al. (2014). Our findings revealed that both the CBRT average
funding rate and interbank repo rate play an important role rather than official policy rates (weekly
repo rate, overnight lending rate, overnight borrowing rate, and late liquidity rate) in this new policy
framework. Our results also captured greater pass-through to the interest rate of commercial loans than
the interest rate of consumer loans and banking deposits. Moreover, all retail rates respond faster to
policy rate cuts than hikes, indicating that the banks were reluctant to raise interest rates than to
decrease during the period under investigation.
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1. Introduction
Since the end of 2010, the Central Bank of the Republic of Turkey (CBRT) has designed and
implemented a new monetary policy strategy consisting of new policy tools such as unconventional
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interest rate corridor, differentiated required reserve ratio, and reserve option mechanism to
supplement the conventional policy rate.! In this new strategy, the CBRT adopted weekly repo
funding rate as its primary policy rate instead of overnight borrowing rate and let it change within the
upper and lower bound of the corridor. More importantly, the CBRT often let the interbank repo rate
to deviate from the weekly repo rate which makes that the unconventional interest rate corridor to
play a crucial role for the monetary policy framework as compared to its counterparts. Since the
CBRT actively uses upper and lower bounds of the corridor (overnight lending rate and overnight
borrowing rate, respectively) as an effective policy tool by both changing them at different rates and
directions and determining the funding composition of the financial system in this new strategy,
there appears an alternative policy rate which is known as the CBRT average funding rate to
supplement the weekly repo rate. Empirical findings of Binici et al. (2016) indicated that the policy
stance of the CBRT can be best expressed by the CBRT average funding rate and interbank repo rate,
which are called as effective rates by the authors, rather than the official policy rates (weekly repo
rate, overnight lending rate overnight borrowing rate and late liquidity rate). In this study, we
examine the interest rate pass-through (IRPT) from these effective rates to the retail rates. But in
order to make a comparison with the findings of Binici et al. (2016), we also took official rates into
account in our analysis.?

A faster and more complete relationship between effective policy rates and retail rates reflects the
effectiveness of a central bank’s monetary policy. While a quicker, symmetric, and complete interest
rate pass-through leads to a well-functioning, competitive, and efficient financial system, a weak
relationship between effective policy rates and retail rates prevents central banks from achieving and
maintaining their targets. Therefore, understanding the main structure of interest rate pass-through will
provide better outcomes in terms of monetary policy decisions and improved efficiency.

Many economists have proposed linear models to analyse the effect of policy rates on retail
rates. One common assumption characterizes these studies: Policy rate changes affect the retail rates
evenly, regardless of whether the change is positive (upward) or negative (downward). However, this
approach prevents a detailed inquiry into the transmission mechanism since the policy rates are
assumed to affect retail rates symmetrically and linearly. Various reasons, which will be explained in
the following section, indicate that the policy rates exhibit asymmetric behaviours on retail rates.
Therefore, the non-linear specification of retail rates may be more appropriate than a linear
specification. More specifically, in the presence of non-linearity, the response of bank loans interest
rates and bank deposits interest rates to a rise in policy rates is more likely to be higher than to a
decrease in policy rates. Therefore, many economists also employed non-linear models such as VAR,

! The main reason for designing and implementing a new policy mix was that short-term interest rates
may not prevent dangerous build ups of financial risks in terms of current account deficits, credit growth,
debt accumulation, and international short-term capital flows although it may meet price stability
objectives. For detailed information on the new policy mix, see Akar and Cicek (2015).

2 Apart from Turkey, there are several excellent papers focusing on unconventional monetary policy
period around the world (Aristei and Gallo, 2014; Hristov et al., 2014; Apergis and Cooray, 2015;
Papadaomu et al., 2018). They provide different and insightful methodologies, approaches and findings
about the transmission process on unconventional monetary policy periods. Since the unconventional
monetary policy period in Turkey diverges from other countries (starts from 2010), we decided to
concentrate for the period of unconventional interest rate corridor.
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VEC and Markov-switching methods to capture the asymmetric effect of policy rates on retail rates
(Papadamou and Markopoulos, 2018; Papadamou et al., 2018; Hristov et al., 2014; Gaina and
Philippas, 2013; Payne and Waters, 2008; Payne, 2006; Humala, 2005). Their findings showed that
the aforementioned methods have satisfactory ability to represent asymmetric relations between the
variables under investigation.

This research has also focused on the questions of whether there is a long-run relationship
between effective policy rates and the retail rates under the period of unconventional interest rate
corridor and whether the effective policy rates have an asymmetric effect on retail rates. In order to
capture possible long-run relationship and asymmetric behaviour of the variables under investigation,
we employed both linear and non-linear autoregression distributed lag (ARDL and NARDL)
methods developed by Pesaran et al. (2001) and Shin et al. (2014), respectively.®> NARDL method
has some advantages against its counterparts. First, it allows for the asymmetric effect of policy rates
on retail rates. The existence of such an asymmetry indicates that the central bank has no complete
pass-through impact on retail rates. The main advantage of the model we employed is that the
method has a non-restrictive assumption that the variables under examination are integrated to the
same order and are suitable even if the sample size is small. Finally, it provides unbiased estimates of
the long-run model and valid t-statistics even when some of the regressors are endogenous.

The data used in the empirical analysis are monthly figures covering 2011:M1 through
2017:M12 and based on policy rates (effective and official policy rates) and retail rates (interest rates
for bank commercial loans, bank consumer loans and bank deposits). Our findings indicate that all
retail rates are cointegrated with effective policy rates, namely the CBRT average funding rate and
interbank repo rates in the long-run. Therefore, the pricing of loans and deposits are driven by the
effective policy rates. Turning to the asymmetric behaviours on retail rates, we found that the pass-
through differs for decreases and rises in effective policy rates where the retail rates respond faster to
policy rate cuts than hikes.

The paper is organized as follows: Section 2 provides a detailed theoretical explanation of
asymmetric interest rate pass-through. Section 3 outlines the NARDL framework. Section 4
describes the data and empirical results. Section 5 concludes the paper.

2. Theoretical Perspective and Literature
2.1. Theoretical Perspective

Interest rate pass-through is the degree, speed, and pattern with which banks adjust their retail
interest rates to changes in policy interest rates (Cavusoglu, 2010; Yuksel & Ozcan, 2013). Interest
rate pass-through takes place in two phases: In the first phase, the central bank provides the liquidity
that the banking sector needs from its newly changed policy interest rate and, hence, affects the
short-term money market interest rates (Hofmann and Mizen, 2004). Then, the changes in short-term
interest rates are transmitted to the long-term interest rates as the expectations about future interest
rates change. The more stable the yield curve, the greater is the change in long-term interest rates
(Cavusoglu, 2010; Egert et al., 2007). In the second phase, banks adjust their retail interest rates in

® For searching asymmetry in the process of interest rate pass through, the NARDL method was previously
employed by Apergis and Coorey (2015), Yu et al., (2013), Greenwood-Nimmo et al. (2010).
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response to the changes in policy and market interest rates. Since the banking sector depends on
money market and central bank sources to a certain extent, changes in these interest rates affect
banks’ marginal cost of funding and, therefore, they reflect these changes in the credit interest rates
they apply to their customers (Egert et al., 2007). Furthermore, bond market interest rates constitute
the opportunity cost of credit for the banking sector; therefore, changes in money market interest
rates also affect credit interest rates by changing the share of bonds and credits in asset portfolios
(Borio and Fritz, 1995; Egert et al., 2007).

Theoretically, under conditions of perfect competition and in the absence of uncertainty, interest
rate pass-through is expected to be immediate and complete, that is, perfect (Fuertes et al., 2010;
Wang and Lee, 2009). However, empirical studies on the subject have revealed the existence of
anomalies. First, retail interest rates are rigid, especially in the short term and the degree and speed of
adjustment vary considerably among the countries, depending on the kind of interest rate (Bredin et
al., 2002; Aydin, 2007; Heinemann and Schiler, 2006; Sander and Kleimeier, 2004). On the other
hand, findings on long-term pass-through in retail interest rates are mixed. Some studies have found
that even though retail rates are rigid in the short run, the adjustment is complete in the long run
(Cottarelli and Kourelis, 1994; De Bondt, 2005; Hofmann and Mizen, 2004; Karagiannis et al., 2010;
Payne, 2006). Others suggested that interest rate pass-through is far from being complete even in the
long term (Burgstaller, 2005).

Another kind of anomaly observed in empirical studies is the nonlinear adjustment. Two types
of nonlinearity are commonly encountered: The first type is the dependence of level and speed of
adjustment on the magnitude of the change in policy interest rates: The greater the deviation from the
equilibrium interest rate, the greater the degree and speed of the adjustment in retail rates. (Graeve et
al., 2007; Tkacz, 2001).

The second type of nonlinearity is the asymmetric adjustment, which refers to different levels
and speeds of adjustment in response to positive and negative changes in policy interest rates.
Specifically, Borio and Fritz (1995) found that increases and decreases in policy interest rates of the
same magnitude have different effects on retail interest rates. According to Apergis and Cooray
(2015), Deger (2012), and Payne and Waters (2000), credit interest rates exhibit downward rigidity
or faster upward adjustment and deposit interest rates exhibit upward rigidity or faster downward
adjustment. On the other hand, contradictory empirical findings are present in the literature as well.
For example, Deger (2012) found upward rigidity in credit interest rates in Bolivia, The Philippines,
Malaysia, Dominican Republic, Thailand, and Croatia. Lim (2001) and Karagiannis et al. (2010)
found downward rigidity in both credits and deposit interest rates. Finally, Lim (2001) and
Gambacorta and lannotti (2007) reported that even though the adjustment is asymmetric in the short
term, the long-term adjustment is symmetric.

The rigidities in retail interest rates of the banking sector that result in these anomalies arise
from different factors, such as asymmetric information (Stiglitz and Weis, 1981; Thompson, 2006;
Payne, 2006) imperfect competition (Heinemann and Schiler, 2006), switching costs (Cavusoglu,
2010), adjustment costs (Fuertes et al., 2010; Hofmann and Mizen, 2004), long-term customer
relations and customer reaction, macroeconomic conditions and bank characteristics (Egert et al.,
2007; Egert and MacDonald, 2009).

2.2. Interest Rate Pass-Through in Turkey
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The empirical literature on interest rate pass-through in Turkey is relatively new and few studies
have examined the subject. Aydin (2007) inspected the relationship between the money market
interest rate and several types of credit interest rates such as business, housing, consumer, and
automobile from June 2001 through September 2005. His results showed that interest rate-pass
through are not complete even in the long run. The levels of pass-through for housing credit interest
rates are higher than for business interest rates. However, the adjustment speed is higher for business
credits. He argued that business credits are riskier than consumer credits and the consumer credit
market is more competitive. In a period of fast credit expansion, the level of pass-through in
automobile credits was complete. Finally, after the third quarter of 2003, the adjustment speed of
credit rates to money market rates increased.

Ucak and Yildirak (2012) examined the relationship between money market interest rates and
different types of credit interest rates. Their results showed that business credit interest rates have the
complete level of pass-through. Furthermore, business and housing credit interest rates are more
sensitive to changes in the market interest rates than others.

Cavusoglu (2010) analysed the relationship between policy interest rates and retail interest rates
from January 2002 through December 2009. She found that retail interest rates are rigid in the short
term, but deposit interest rates adjust more completely and faster than credit interest rates. Since the
policy interest rates decreased continuously over the analysed period, these results are compatible
with the banking sector's profit maximization behaviour. On the other hand, credit interest rates are
adjusted more completely than deposit interest rates. The reason for this finding is that the credit
market is more competitive than the deposit market. Moreover, the level of adjustment for business
credit interest rates is lower than that of consumer credit interest rates and higher for business deposit
interest rates than for saving deposit interest rates. This means that the asymmetric adjustment
problem is more serious for firms than for consumers.

Ozdemir (2009) researched the relationship between retail interest rates and policy interest rates
and between retail interest rates and market interest rates for April 2001 through December 2006. His
results suggested that interest rate pass-through from policy interest rates is complete in the long
term, but credit interest rates are adjusted faster than deposit interest rates in the short term.
Consistent with the implicit collusive agreement hypothesis, credit interest rates are more rigid
downward, and in accordance with the customer reaction hypothesis, deposit interest rates are again
rigid downward. However, he repeated the same analysis by using market interest rates, he did not
find any asymmetries.

Yuksel and Ozcan (2013) investigated the relationship between money market interest rates and
consumer, automobile, housing, business credits, and deposit interest rates. They found that interest rate
pass-through is symmetric for all types of retail interest rates. The average time of convergence to
equilibrium is three months. However, deposit interest rates adjust more slowly than credit interest rates.

Yildirim (2013) studied the interest rate pass-through between credit interest rates and money
market interest rates for November 2002 through October 2011. He found that credit interest rates
adjust faster while market interest rates are increasing than while market interest rates are decreasing.
Therefore, there is a downward rigidity in credit interest rates. Even so, the degree of rigidity varies
among the types of credit and business credits are the most rigid of all types. To explain this finding,
he argued that business credit demand was inelastic since the financial system was still shallow and
local firms have limited funding sources.
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Binici et al. (2016) investigated the relationship between interest rates of loans/deposits and
effective/official policy rates under the unconventional interest rate corridor period. They found that
the effective rates are more relevant than official rates for the transmission of monetary policy and
interbank repo rate plays the crucial role in determining the rates of loans and deposits. On the
asymmetric part, they found evidence in favour of asymmetry that the response of loans/deposits
rates to hikes in effective policy rates is higher than to the cuts.

Lastly, Yilmaz et al. (2018) searched for the pass-through speed and the rate of changes
regarding the overnight borrowing rate of the CBRT to the bank rates for loans from 2002 to 2014.
They employed VAR, cointegration and Granger causality methods and found that the pass-through
from overnight interest rates to the bank loan rates is fast and high in the long term, regardless of the
deposit and loan types. Additionally, they captured that the pass-through effect from overnight repo
rates to the loan rates for household loans are faster in comparison to the commercial loans.

When we look at the previous interest rate pass-through studies regarding the Turkish economy,
we see that there are some deficiencies in the literature. Two of them are quite important. First, there is
only one paper focusing on unconventional interest rate corridor period which has quite important role
for the monetary policy framework. And second, other papers have not employed the methodology we
have used in the paper, hence, our paper may provide an opportunity to compare the performances of
the methods and findings with previous papers. Therefore, we believe that our paper has potential to fill
a gap in the interest rate pass-through literature, especially for the Turkish economy.

3. Methodology
3.1. Linear Interest Rate Pass-Through Model

The NARDL approach may help us capture possible asymmetric effects of policy rates (pr™)
variations on retail rates (rr™) [where m indicates late overnight rate (lor), overnight lending rate
(olr), weekly repo rate (wrr), the CBRT average funding rate (afr), interbank repo rate (irr) and
spread repo rate (srr) while n indicates the rates for commercial loans (lcr), consumer (personal)
loans (Ipr) and bank deposits (bdr)]. Equation 1 suggests the possible long-run relationship between
the policy rates and retail rates.

g = B+ BT + @

where the regressors of pr™ are defined such that Apr{™ = ¢* and &'™ and €/ follow the iid
process with a zero mean and finite variances. The coefficient of g{" indicates the long-run pass-
through coefficient for policy rates which reflects the change in policy rates is transmitted to the
banking retail rates in the long-run. Equation 1 can be written as a restricted error correction model
(ECM) of Equation 2 if the error terms are present in the data-generating process as u; =

YD Pl + v, for pe = {ef"™, €} which follows the pt" order stationary VAR model.

p—1 k
Arrd = ag + E(rri_y — BMpr™) + Z 9P AT + Z 87 Apr™ it ©)
i=1 =0
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In Equation 2, A indicates the difference operator and n™ = iid(0,02). With the help of
Equation 2, we can analyze both the short- and long-run dynamics of retail rates. Equation 2 can be
rewritten as follows by multiplying & term with the values in parenthesis.

p—1 k

Arrft = ag + atrry + aftprt + Z I Arr; + 6§”Aprt"_lj + (3)
i=1 j=0

where af' = =&B{"*. To investigate the long-run relationships among the variables, Pesaran et al.
(2001) provide an effective procedure called the bound test approach. The bound testing framework is
based on the partial F-test (Wald test). Based on the Equation 3, we seek a long-run relationship by
using the null hypothesis of no-cointegration (Hy:; = a3 = 0) as opposed to the alternative
hypothesis of long-run cointegration which does not explicitly impose the requirement that all
parameters in the long-run equilibrium vector are non-zero, merely that they are jointly significantly
different from zero. On the other hand, the asymptotic distribution of the Wald-test is non-standard
under the null hypothesis of no-cointegration among the variables. Pesaran et al. (2001) provide two
critical values for the cointegration test. The lower bound assumes that all the variables are 1(0), while
the upper bound assumes all the variables are I(1). If the Wald test statistics is greater than the upper
bound, the null hypothesis of no-cointegration is rejected, meaning that there is cointegration among
the variables. However, if the F-statistics is lower than the lower bound, the null hypothesis of no-
cointegration is accepted, meaning that there is a no-cointegration relationship between the examined
variables. Between lower and upper bound, the results about cointegration will be inconclusive.

3.2 Non-Linear Interest Rate Pass-Through Model

As it is more likely that bank commercial loan rate, bank consumer loan rate and bank deposit
rate behave asymmetric regarding a change in policy rates, the linear model shown in Equation 3
may not be adequate to represent the possible asymmetries in the coefficients. To capture possible
asymmetries in the model, we use the NARDL developed by Shin et al. (2014). To establish the

NARDL model, we first decompose the variables as positive and negative parts:
(4)

pr{® = prg® + pr{™ + pr®”

where pr™ indicates the policy rates; pr{** and pr/"~ are the partial sum process of positive and
negative deviations in policy rates, respectively. The partial sum process can be shown as:

t t t
pri™t = Z Apr[™* = Z max (Apri™, 0) pri* = Z Apr™™ = Z min (Apr™, 0) (5)
i=1 i=1 i=1 i
Since we expect the interest rates of bank commercial loans, bank consumer loans and bank deposits

to have different sensitivity to policy rate rises than policy rate decreases, we may rewrite Equation 1
by adding the positive and negative partial sums of pr:

rrft = Bo + BT 4 BT pr + ©

Equation 3 also can be rewritten as follows;
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Arrlt = ay + afrrfty + ol pr™T + o] prtT

p-1 p
m+ m+ - m— ()
+ Z 9, Arry +Z(6i AprZ7 + y?l Apr;”; ) + n?m
i=1 i=0

By adding positive and negative changes, we can capture the possible asymmetric effects of
policy rates in both the long run and the short run. Note that the testing procedure is the same as in
the linear ARDL specification. Based on Equation 7, we seek a long-run relationship via Hy: a; =
aftt = al'> =0 against af # 0, a'* # 0 and af*~ # 0. In addition, the asymmetric long-run
multipliers of explanatory variables can be computed as:

m+ m-—

By = Qo m+ _ Q2 pm- = a;
0~ n’ 1 - n’ 1 - n
—a; —a; —a;

Regarding the Equation 7, our hypotheses are;

H1: There is a long-run relationship between the policy rates and retail rates which corresponds to
reject the null hypothesis of Hy: off = ai** = af*~ = 0 in Equation 7.

H2: There is a long-run symmetry between the policy rates and retail rates which corresponds to
accept the null hypothesis of Hy: o't = a*~ in Equation 7.

H3: There is a complete long-run pass-through for (i) positive and (ii) negative changes in policy rates
which correspond to accept the null hypothesis of (i) Hy: (aX**/—a) = 1 and (ii) Hy: (o~ /=) = 1
in Equation 7.

H4: There is a short-run symmetry between the policy rates and retail rates which corresponds to
accept the null hypothesis of Hy: 85 = 8~ in Equation 7.

H5: There is a short-run relationship between the policy rates and retail rates which corresponds to
reject the null hypothesis of Hy: 8§+ = 8§§*~ = 0 in Equation 7.

4. Data and Empirical Results
4.1. Data

The data used in the analysis are monthly figures covering 2011:M1 through 2017:M12. Since
we search for the effect of policy rates (pr™) on retail rates (rr™), we added policy rates to the model
where the m indicates late overnight rate (lor), overnight lending rate (olr), weekly repo rate (wrr),
the CBRT average funding rate (afr) and interbank repo rate (irr) while the n indicates the rates for
commercial loans (Icr), consumer (personal) loans (Ipr) and bank deposits (bdr). Since Binici et al.
(2016) indicate that the spread between interbank repo rate and the CBRT average funding rate is an
important variable while explaining the monetary policy transmission mechanism, we also search for
the effect of spread repo rate (srr) as a policy rate on retail rates. All variables are obtained from the
Electronic Data Dissemination System (EVDS) of the CBRT (See Figure 1 and 2).
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Figure 1. Policy rates and interbank repo rate. Source: CBRT.
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Figure 2. Retail Rates. Source: CBRT.
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Figure 3. Selected Policy Rates and Retail Rates. Source: CBRT.

Table 1. Descriptive statistics.

Mean Max. Min. Std. Dev. JB Prob. Obs.

Retail Rates (Bank Level Variables)

rrier 14.65 18.23 10.00 2.00 4.72 0.09 84
rrier 13.50 17.07 8.42 2.21 491 0.09 84
rrbar 9.31 12.36 5.95 1.48 1.16* 0.56 84
Policy Rates (Short-term Interest Rates)

prior 12.24 15.50 9.50 1.52 1.61* 0.45 84
protr 9.89 12.50 6.50 1.52 2.82* 0.24 84
prTT 6.92 10.00 4.50 1.40 1.40* 0.50 84
probT 5.86 8.00 1.50 1.94 11.45 0.00 84
prefr 8.22 12.75 4.52 1.98 3.10* 0.21 84
prirm 9.22 12.50 4.66 2.17 5.84 0.05 84
prs™T 1.00 4.04 -1.77 1.10 1.42* 0.49 84

*Note: Indicates that the normality has rejected at 10% level.

In this study, we used the augmented Dickey-Fuller (ADF) test to estimate unit root. The results
of unit root estimations are presented in Table 2 and indicate that all series follow unit root process.

4.2. Empirical Results

The main variables under investigation are the interest rates of commercial loans, consumer
loans and bank deposits set by the commercial banks. According to the many authors, the retail rates

Quantitative Finance and Economics
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are driven by the central banks in the long-run. In Turkey, the CBRT has designed a new monetary

Table 2. ADF test results.

Levels Differences
No I;tterce Igtterce No Intercep Inttercep
intercept, no and intercept, t, and
no trend trend trend no trend no trend trend
Retail Rates (Bank Level Variables)

Ipr _ - Ipr - - -
m 0.4511 24146 55710 Arr 5.6056%**  5.B431***  4.8207***
ler _ - ler - - -
m 0.5168 2.5556 5 337« Arr 5.5980***  5.G660***  5.6332%**
bdr _ - bdr - - -
m 0.0854 23887 5 9397 Arr 6.5430%**  §5ATQ*** G 5Q73***

Policy Rates (Short-term Interest Rates)
lor - - lor - - -
pr 0.2348 2.6818* 2.8660 Apr 6.7105***  B.6695***  §.6273***
olr _ - olr - - -
pr 0.3266 24953 4 5o73 Apr 6.6151***  B.5742*%**  §5491***
wrr _ - wrr - - -
pr 0.0559 1.8096 1463 Apr 7.8103%**  7.7117%%*  7.7240%**
obr _ - obr - - -
pr 0.3662 22433 53116 Apr 7.8699%**  7.9270%**  7.9743%%*
afr _ - afr - - -
pr 0.7480 0.9913 5 1267 Apr 8.3476***  §8.3934*** g 38GG***
irr _ - irr - - -
pr 0.0854 23887 5 9397 Apr 6.5439%**  B5ATQR** G 5073***
Nas _ * _ - srr - - -
pr 1.7157 2.3847 55435 Apr 12.848%**%  12.769%** 12 75]%**

*Note: Reported figures are the Augmented Dickey-Fuller (ADF) test statistics where (***), (**), and (*) indicate
rejection of the null hypothesis of a unit root at 1%, 5%, and 10% levels of significance, respectively. The optimal lags
were chosen using Schwarz Information Criterion with a maximum lag of 13.

policy framework where there are several policy rates are actively used by the CBRT. Therefore, the
questions of which policy rate has the impact (or stronger impact) on a specific retail rate and
whether the response of retail rates to monetary policy decisions is asymmetric in during tightening
and easing periods are unclear. Therefore, the aim of our regression analyses is to capture both the
specific role and the asymmetry of policy rates in the pricing of retail rates.

In this subsection, we first estimated conventional ARDL models in order to get whether the
specific retail rates are cointegrated with a specific policy rate. In order to do that, we first included
each policy rates separately to the models as an explanatory variable. Then we interpreted the
significance and magnitude of the coefficient of each explanatory variable. Since two policy rates
(the CBRT average funding rate and interbank repo rate) gained importance in this new policy

Quantitative Finance and Economics Volume 2, Issue 4, 837-859.
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framework to reflect the stance of the monetary policy of the CBRT, we then entered the CBRT
Fesgrh average funding rate and spread repo rate into the same specification jointly.* In here, spread
repo rate reflects the behaviour of interbank repo rates since spread repo rate is mainly driven by the
interbank repo rate.

After capturing the symmetric long-run cointegration, we then estimated asymmetric ARDL
models for each policy rates represented by Equation 7 to search for asymmetry in the interest rate
pass-through. After estimating the equation with alternative policy rates, we then applied the Wald
test to test the null hypothesis of the asymmetric long-run relationship between the variables under
investigation. Wald test results shown in Table 3 indicated that long-run symmetry does not occur for
11 out of 24 alternative models since the H2 statistic values exceed its upper critical value which
provides evidence in favour of asymmetry. The details are presented as follows.

Table 3. Wald test results for Long-Run symmetry.

The
Late Overnigh  Weekly CBRT Interbank  Spread The CBRT Average
Overnig t Lending Repo Average Repo Repo Funding Rates and
ht Rate Rate Rate Funding Rate Rate Spread Repo Rate
Rate
prlor prolr prwrr pT‘afT prirr prsrr prafr prsrr
Dependent
Variables
0.77 0.3401  12.2392*  3.3493 12.2703*  0.4583  5.3763** 15.4190**
Trlcr 17 *% *% * *
271  2.1288 0.3505 1.6786 17.0857* 11388  3.2973**  6.0396***
rrier 66 ok
449 3.6890 11.5331* 0.6654 10.0791* 10.0703*  0.8751 0.6640
T'T'bdr Q2** *% *% *%

*Note: (1) The null hypothesis for long-run symmetry is Hy: ad** = a'~. (2) ***, ** and * indicates the rejection of the
null hypothesis at the 1%, 5% and 10% level, respectively.

Commercial Loan Rate

The results of symmetric and asymmetric ARDL analysis for commercial loan rate are given in
Table 4. Hypothesis result rows in symmetric ARDL part of Table 4 give information us about the
long-run relationship and symmetric behaviour of the variables in the both long- and short-run. Since
the Pesaran-Shin-Smith F-test (H1) results (H1 test statistics) exceed their respective upper critical
values, we may say that interest rate of commercial loans is separately cointegrated with the CBRT

% In order to avoid the endogeneity problems that may arise from using interest rate series as the explanatory
variables which may have similar patterns, we just use one explanatory variable in the models. Since spread
repo rate is the difference between interbank repo rate and the CBRT average funding rate, it does not cause
an endogeneity problem when spread repo rate and average funding rate are used explanatory variables in the
models. Moreover, the methodology we used in the paper provides unbiased estimates of the long-run model
and valid t-statistics even when some of the regressors are endogenous. For detailed information please see:
Shin et al., (2014).
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average funding rate and interbank repo rate and jointly cointegrated with the CBRT average funding
rate and spread repo rate in the long-run.®> As can be seen from the Table 4, both significance level
and magnitude of the coefficient of the interbank repo rate are higher than the CBRT average
funding rate (0.1404 versus 0.1219). According to the long-run pass-through (LR-PT) coefficients,
we may specifically say that a 1% change in the CBRT average rate or interbank repo rate causes
commercial loan rate to change by 0.78% and 0.91%, respectively, in the long-run. For the model in
which the long-run relationship is jointly estimated, both the significance level and magnitudes of the
coefficients of the CBRT average funding rate and spread repo rate get higher when it is compared to
the separately estimated models. Moreover, the magnitude of the coefficient of the CBRT average
funding rate becomes higher than the spread repo rate (essentially interbank repo rate) while it was
lower in separately estimated models. These findings imply that effective policy rates (namely
interbank repo rate and the CBRT average funding rate) have the impact on the interest rate of the
commercial loans, but the CBRT average funding rate has the stronger impact than the interbank
repo rate in the long-run when they are jointly taken into account. It should be noted that the latter
finding is dissimilar to the empirical findings of Binici et al. (2016) where they found that the
magnitude of spread rate is higher than the CBRT average funding rate when two variables are
jointly considered. The reason might be that their analysis is for capturing the short-term behaviours
of the variables under consideration while ours is for the long-run. Since $-denominated commercial
loans are mostly short-term in Turkey, it is more likely that the banks to price their commercial loans
according to the spread repo rates (namely, interbank repo rate) in the short-run. But in the long-run,
the CBRT average funding rate may gain importance because it has potential to reflect the stance of
monetary policy in both short- and the long-run.

When one considers whether the LR-PT coefficients (of the significant models according to the
H1 test results) equal to one, we may say that the LR-PT is separately complete for the CBRT
average funding rate and interbank repo rate, and is jointly complete for the CBRT average funding
rate and spread repo rate because the H3 hypothesis cannot be rejected.® When we concentrate on the
short-run pass-through (SR-PT) test results, H5 row indicates that the interest rate of commercial
loans shows the immediate response to the changes in all policy rates except for overnight lending
rate. Actually, the CBRT average funding rate is weighted average interest rates of the funds
provided by the CBRT to the financial system and varies depending on the funding composition
choice of the CBRT. Since a change in official policy rates (either weekly repo rate, late overnight
rate or overnight lending rate), other things are being equal, will change the CBRT average funding
rate, it is consistent that the banks immediately adjust their commercial loan rate when the official
policy rates change. It should be noted that these findings are consistent with the findings of Binici et

> As indicated before, the spread repo rate is the difference between the interbank repo rates and the CBRT
average funding rates. Since the CBRT average funding rates are level and the spread repo rate is the spread,
one may worry about how to interpret the coefficients of each policy rate in absolute terms. Binici, Kara and
Ozlu (2016) indicated that the coefficient of the spread can be interpreted as the effect of the interbank repo
rates since the variation in the spread repo rates is mainly driven by the interbank repo rates over the study
period. Therefore, we embraced their approach in our study for interpreting the coefficient.

® For the models H1 test statistics are insignificant, we did not interpret whether the LR-PT is complete
although the H3 hypotheses are accepted.
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al. (2016) except for overnight lending rate which was insignificant in our results both in the short-
and long-run.

Turning to asymmetric ARDL models, Wald test results of H2 hypothesis show that just two
policy rates separately have the asymmetric impact on the interest rate of commercial loans: weekly
repo rate and interbank repo rate. Additionally, the CBRT average funding rate and spread repo rate
also have the asymmetric impact on the interest rate of commercial loans when they are jointly
considered in two different asymmetric models, while the CBRT average funding rate does not when
it is modelled separately. If we consider H1 and H2 test results together for the CBRT average
funding rate in the asymmetric model, we may say that there is a long-run cointegration (since H1 is
rejected) between the variables but the cointegration is symmetric; not asymmetric (since H2 is
accepted). When we concentrate on the coefficients of the valid asymmetric models, we may see that
the interest rate of the commercial loans responses to both positive and the negative changes in
interbank repo rate while the coefficients of positive and negative changes of the weekly repo rate
are either insignificant or carry the wrong sign. Hence, a 1% rise in interbank repo rate causes
commercial loan rate to rise by 1.75% while a 1% decrease led the commercial loan rate to decrease
by 2.12% in the long-run. Regarding the LR-PT values of the asymmetric ARDL model for
interbank repo rate, H3a and H3b hypotheses indicate the estimated coefficients of positive and
negative changes are not equal to one (H3a and H3b are accepted). But since both coefficients are
significant, we may say that the LR-PT is over proportionally for the interbank repo rate in the long-
run since the coefficients are larger than one.

But the same is not valid when we take the CBRT average funding rate and spread repo rate
jointly into account. While estimating these two variables jointly, we assumed one variable is
symmetric and the other one is asymmetric. Therefore, we estimated two alternative models.
According to these asymmetric models, we captured that a 1% rise in the CBRT average funding rate
will increase the rate of commercial loans by 1.14% while a 1% fall will decrease the rate of
commercial loans by 1.27% once the spread repo rate is controlled. Similarly, a 1% rise in the spread
repo rate (essentially interbank repo rate) will increase the rate of commercial loans by 0.93% while
a 1% fall will decrease the rate of commercial loans by 1.10% once the CBRT average funding rate
is controlled. The meaning of these finding is that the interest rate of commercial loans shows more
response to negative changes than the positive ones, for both the CBRT average funding rate and
spread repo rate. That is to say, the response of commercial loan rates to monetary policy is weaker
during tightening periods and stronger in easing periods. Another important thing is that the
magnitude and the significance level of the coefficients of positive and negative changes of spread
repo rate are higher than the CBRT average funding rate. The reason might be that the elasticity of
the liquidity demand of the banks for the daily funds is low (the interbank repo facility is in the daily
basis) while the elasticity of the liquidity demand for the weekly funds is relatively high (weekly
repo facility is in 7 days).

When concentrating on the symmetry in short-run coefficients (H4), one may see that the short-
run symmetry is rejected for weekly repo rate, the CBRT average funding rate, interbank repo rate
and jointly for the CBRT average funding rate and spread repo rate (for both alternative models), but
not for late overnight rate and spread repo rate. Lastly, H5 hypothesis indicates that adjustment
process is immediate for all policy rates except for weekly repo rate. If we interpret H4 and H5
hypothesis together, we may say that the interest rate of commercial loans immediately (H5 is
rejected), asymmetrically (H4 is rejected) and separately adjust to the changes in the CBRT average
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funding rate and interbank repo rate, and jointly adjust to the changes in the CBRT average funding
rate and spread repo rate.

Table 4. Asymmetric ARDL results for interest rates of commercial loans (rr'cr).

Late Overnight The CBRT

Overnight Lending Weekly Average Interbank Spread The CBRT Average Funding
Rate Rate Repo Rate Funding Rate Repo Rate Repo Rate Rates and Spread Repo Rate
lor olr wrr afr irr STT prufr
pr pr pr pr pr pr proTT
Estimated Coefficients
0.6391 0.5261 0.7899* 1.1633*** 0.8570** 0.6677 1.3735***
%o [1.1840] [0.9719] [1.6420] [3.0553] [2.1804] [1.2918] [3.1522]
-0.0524* -0.0412 -0.0773* -0.1561*** -0.1550*** -0.0361 -0.2723%**
& [-1.8417] [-1.1508] [-1.7913] [-3.4271] [-3.7575] [-0.9648] [-5.7212]
@ m 0.0136 0.0083 0.0463 0.1219** 0.1404*** -0.1016 0.2617***
= @2 [0.3279] [0.1775] [0.8634] [2.3514] [3.3625] [-1.6366] [5.6591]
g . - - - - - - 0.2138%**
_ 3 - - - - - [3.6437]
@ LR PT 0.2595 0.2015 0.5990 0.7809 0.9058 -2.8144 0.9611
< ) ) ) ' ) ) 0.7852
-2 Hypothesis Results
g H1 1.7227 0.0662 1.6380 6.0811*** 7.5142%** 1.9850 13.5805***
g H3 0.9480 0.5537 0.5071 1.1617 0.2367 1.1648 8;;‘51(7]
@ H5 18.1668*** 3.1362 15.7615*** 9.1506*** 11.9508*** 4.6862** 6.1690***
Diagnostic Tests
R? 0.3517 0.3866 0.4237 0.3958 0.3766 0.3391 0.5614
1)%4 1.8948 1.5913 1.4012 1.9681 1.9498 1.9050 2.0175
LM 0.0903 0.8150 0.5493 0.6952 0.2163 0.7555 0.5601
ARCH 0.7971 0.6597 0.2954 0.2673 0.2267 0.2994 0.6684
pr7is preTT s
Estimated Coefficients asymmetric asymmetric
1.3895%** 0.2001 2.9919*** 1.1166 2.5707*** 1.1512** 2.5770%** 2.0955***
%o [2.5883] [0.3437] [4.7284] [1.5066] [4.1789] [2.2189] [3.9523] [5.7302]
-0.1028 -0.0263 -0.2480*** -0.1398*** -0.1559*** -0.0894* -0.2134*** -0.3081***
& [-2.0819] [-0.5690] [-5.3671] [-2.6333] [-3.3184] [-1.9185] [-4.2401] [-8.1644]
m+ 0.0326 0.0247 0.0067 0.1008* 0.2740*** 0.0415 0.2433*** 0.2856***
a [0.4930] [0.3870] [0.1055] [1.7554] [6.2948] [0.5861] [4.4293] [5.9244]
. m— 0.0081 0.0074 -0.1677* 0.0666 0.3314%** 0.0309 0.2722*** 0.3396***
5 @ [0.1689] [0.1434] [-1.6659] [0.9722] [6.3600] [0.4583] [4.1523] [6.6249]
8 - - - - - - - 0.2054%** 0.3837%**
3 3 - - - - - - [3.7042] [8.5194]
8 LR PT* 0.3171 0.9392 0.0270 0.7210 1.7575 0.4642 1.1401 0.9270
< LR PT™ 0.0788 0.2814 -0.6762 0.4764 2.1257 0.3456 1.2755 1.1022
2 LR PT - - - - - - 0.9625 1.2454
E Hypothesis Results
IS H1 2.2552 0.1473 12.3678*** 4.6984** 13.6548*** 1.4565 8.3178*** 23.4957***
% H2 0.7717 0.3401 12.2392%** 3.3493 12.2703*** 0.4583 5.3763*** 15.4190***
< H3a 1.5772 0.0007 14.8815*** 1.0690 3.1389 0.4954 0.5131 0.2015
H3b 4.2584** 0.1476 13.8961*** 1.8444 3.1866 0.7563 1.0682 0.3226
H4 2.2718 2.5955 6.0869*** 7.2922%** 11.5664*** - 8.0668*** 47.7121***
H5 | 20.5590%** 7.9546*** 3.1243 21.2726*** 6.7580*** - 15.2799*** 15.6532***
Diagnostic Tests
R? 0.3491 0.3618 0.5770 0.4809 0.5458 0.0166 0.4956 0.7654
DW 1.8844 1.6931 2.0610 2.0182 1.9810 1.1308 1.6582 2.1151
LM 0.5624 0.9177 0.9677 0.6528 0.8735 0.0046 0.3056 0.1630
ARCH 0.5515 0.5910 0.1947 0.5055 0.0300 0.2127 0.7336 0.5459

(1) m indicates the policy rates (pp superscript: lor, olr, wrr, afr, irr or srr). (2) ai**and «3*~ indicate the long-run coefficients of rises and
decreases in policy rates, respectively. (3) Values in brackets underneath the coefficients are the t-values for the ***1%, **5% and *10%. (4) H1
denotes the Paseran-Shin-Smith F test statistic values under the hypothesis of Hy: af = a/* = 0 for k=2 for the symmetric models and Hy: af' =
a™* = "~ = 0 for k=3 for the asymmetric models and critical values according to Pesaran et. al (2001) are 3.77, 4.35 and 5.61 for the
***10%, **5% and *1%, respectively, where i = {2,3}. (5) H2 denotes the F-test statistic values under the hypothesis of Hy: a/** = a/™~ where
i = {2,3}. (6) H3, H3a and H3b denote the F-test statistic values under the hypothesis of (i) Hy: (a/"/—a}) = 1 (ii) Hy: (a** /a}) = 1 and
(iii) Hy: (@™ /al") = 1, respectively, where i = {2,3}. (7) H4 denotes the F-test statistic values under the hypothesis of Hy: 85"+ = 8§~ for
asymmetric models. (8) H5 denotes the F-test statistic values under the hypothesis of Hy: 85 = 0 for symmetric models and Hy: 65 = 8§~ =0
for asymmetric models. (9) R?, DW LM and ARCH rows give adjusted R-square, Durbin-Watson, the p-values of a test for autocorrelation up to
lag 12 and a test for ARCH effects up to 12 lags, respectively.
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Consumer Loan Rate

Table 5 represents the results for consumer loan rate. When we focus on the symmetric models,
the respective F-test results indicate that interest rate of consumer loans is just separately
cointegrated with interbank repo rate and is jointly cointegrated with the CBRT average funding rate
and spread repo rate. According to the LR-PT coefficients, we may specifically say that a 1% change
in interbank repo rate causes interest rate of the consumer loans to chance by 0.81% in the long-run.
As can be seen from the Table 5, we may see that the coefficient of the CBRT average funding rate
is insignificant when it is estimated separately. But then becomes significant when it is jointly
modelled with spread repo rate. This joint model indicates that the spread repo rate (also interbank
repo rate) has greater magnitude and significance than the CBRT average funding rate, that is to say,
consumer loans are more sensitive to interbank repo rate than the policy rates since the consumer
loans are mostly short-term in nature. It should be noted that the maturity term of the consumer loans
is longer than the commercial loans. Therefore, they are less sensitive to the spread repo rate when it
is compared to the commercial loans. If we look at the jointly estimated model at Table 4, we can see
that both the significance level and the coefficient of spread repo rate are lower in Table 5. Therefore,
the finding is consistent with our maturity term interpretation and very similar the findings of Binici
et al. (2016). On the other hand, both the significance level and the magnitude of the CBRT repo rate
are lower than the spread repo rate in Table 5 where it is adverse in Table 4. Turning to whether the
LR-PT coefficients equal to one, we may say that the LR-PT is complete for interbank repo rate (for
separately model) and both the CBRT average funding rate and spread repo rate (for joint model)
since H3 is not rejected. The H5 hypothesis also indicates that all models show the immediate
response to the changes in all policy rates except for spread repo rate in the short-run.

Focusing on asymmetric models, H2 test results point out that just interbank repo rate can be
described as asymmetric where the interbank repo rate is modelled separately. Additionally, the
CBRT average funding rate and spread repo rate have also asymmetric impact on the interest rate of
consumer loans when they are jointly considered in two different asymmetric models, while the
CBRT average funding rate does not in the separately estimated model. When we concentrate on the
coefficients of the valid asymmetric models, we may see that the interest rate of the consumer loans
response to both positive and negative changes in interbank repo rate. Detail, a 1% rise in interbank
repo rate causes interest rate of the consumer loans to rise by 1.65% while a 1% decrease will lead
consumer loan rate to fall by 2.08% in the long-run. Regarding the LR-PT values of the asymmetric
model for interbank repo rate, H3a and H3b test results point out that the estimated coefficients do
not equal to one which means that the LR-PT is over proportionally. If we focus on jointly estimated
models, we see that all coefficients are significant, that is to say, a 1% rise in the CBRT average
funding rate will increase the interest rate of consumer loans 0.95% while a 1% fall will decrease by
1.13% once the spread repo rate is controlled. Similarly, a 1% rise in spread repo rate will increase
the rate of consumer loans by 0.74% while a 1% fall in it will decrease by 0.93%, once the CBRT
average funding rate is controlled. These findings imply that the interest rate of consumer loans show
more response to negative changes than the positive ones for both the CBRT average funding rate
and spread repo rate. That is to say, the response of consumer loan rates to monetary policy is weaker
during tightening periods and stronger in easing periods.
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Table 5. Asymmetric ARDL results for interest rates of consumer loans (rr'Pr).

Late ; The CBRT -
Overnight Overnight Weekly Interbank Spread The CBRT Average Funding

Lending Rate Repo Rate Average Repo Rate Repo Rate Rates and Spread Repo Rate

Rate Funding Rate
prlor prolr prwrr prafr prirr prsrr l;:sfr
Estimated Coefficients
1.0062** 1.0353** 1.0575** 1.0960** 1.0184** 1.6454*** 1.2542%**
%o [2.0526] [2.3878] [2.2791] [2.4615] [2.2688] [2.9195] [2.8327]
-0.0654** -0.0583* -0.0752** -0.1011*** -0.1359*** -0.110*** -0.1340***
o [-2.1204] [-1.7917] [-2.2960] [-2.6392] [-3.3555] [-2.8512] [-3.2871]
@ m 0.0004 -0.0127 0.0128 0.0515 0.1098*** 0.0152 0.0755*
E] @ [0.0095] [-0.3029] [0.2801] [1.2928] [2.9343] 0.2496 [1.8546]
g o - - - - - - 0.1241**
4 3 - - - - - [2.0667]
£  LRPT| 00061 -0.2178 0.1702 0.5094 0.8079 0.1382 0.5634
< ) ) ) ) ' ) 0.9261
-2 Hypothesis Results
E H1 2.8482 2.7502 2.8586 3.5763 6.0638*** 4.1500* 5.9093***
3.5626
% H3 2.6757 2.3703 2.0087 2.4401 0.8140 2.5445 00297
H5 29.8596*** 29.5263*** 11.5691*** 7.2041*** 9.6966*** - 9.7705%**
Diagnostic Tests
R? 0.4299 0.4296 0.3040 0.3084 0.3424 0.2707 0.3365
DwW 2.1173 2.0515 2.0099 2.1326 2.0916 1.9526 2.0424
LM 0.1963 0.2664 0.0221 0.1243 0.1397 0.0614 0.3184
ARCH 0.6615 0.6058 0.9963 0.9392 0.6161 0.7603 0.6416
pr7is proTis
Estimated Coefficients asymmetric asymmetric
1.8079*** 1.4155*** 1.4243*** 2.0300*** 2.2359%** 1.1328** 2.4801*** 1.7286***
%o [3.9094] [2.8596] [2.8791] [3.4689] [4.0563] [2.3075] [3.7685] [3.4403]
-0.1202*** -0.0938*** -0.0961*** -0.1453*** -0.1154%*** -0.0931*** -0.1802*** -0.1993***
o [-3.8008] [-2.9099] [-2.9029] [-3.7078] [-3.1463] [-2.5970] [-3.8868] [-4.4772]
me 0.0277 -0.0341 0.0151 0.1274*** 0.1907*** 0.0682 0.1727*** 0.1476***
e [0.6315] [-0.7416] [0.2559] [2.6098] [6.5638] [1.0113] [3.2324] [2.4662]
. m— 0.0009 -0.0603 -0.0118 0.1481*** 0.2401*** 0.0561 0.2041*** 0.1861***
5 @2 [0.0252] [-1.5355] [-0.1255] [2.4667] [6.8049] [0.8646] [3.1422] [2.8655]
8 o - - - - - - 0.1465%** 0.2230%**
5 3 - - - - - - [2.2435%*] [4.0446]
@ LR PT* 0.2304 -0.3635 0.1571 0.8768 1.6525 0.7325 0.9584 0.7406
< LRPT- 0.0075 -0.6429 -0.1228 1.0193 2.0806 0.6026 1.1326 0.9338
2 LR PT - - - - - - 0.8130 1.1189
[<5)
E H1 5.9618*** 5.6779*** 29711 4.6247** 15.5440*** 2.2288 4.3920** 5.5092***
2 H2 2.7166 2.1288 0.3505 1.6786 17.0857*** 1.1388 3.2973** 6.0396***
< H3a 5.0377** 6.3346*** 1.9875 0.2201 1.9867 0.1529 0.0313 0.9503
H3b 11.8176*** 9.6388*** 1.2875 0.0031 2.1216 0.3528 0.1941 0.0574
H4 16.1175%** 6.7968*** 4.4578** 7.5113%** 24.3757*** 1.9334 3.5298 8.9545%**
H5 14.9246*** 7.0354*** 7.4986*** 4,7801** 12.1897*** 1.3281 3.5298 3.2923
R? 0.6288 0.5678 0.3379 0.3434 0.6332 0.2097 0.2001 0.3680
10)(4 1.9601 2.0815 2.0119 2.0096 1.8842 2.0306 1.2253 1.9734
LM 0.2912 0.5723 0.1079 0.1536 0.0340 0.0731 0.0068 0.7611
ARCH 0.6786 0.7191 0.9990 0.8916 0.9661 0.6619 0.0638 0.6342

(1) m indicates the policy rates (pp superscript: lor, olr, wrr, afr, irr or srr). (2) ai**and «3*~ indicate the long-run coefficients of rises and
decreases in policy rates, respectively. (3) Values in brackets underneath the coefficients are the t-values for the ***1%, **5% and *10%. (4) H1
denotes the Paseran-Shin-Smith F test statistic values under the hypothesis of Hy: af = a/* = 0 for k=2 for the symmetric models and Hy: af' =
a™ = a™ = 0 for k=3 for the asymmetric models and critical values according to Pesaran et. al (2001) are 3.77, 4.35 and 5.61 for the
***10%, **5% and *1%, respectively, where i = {2,3}. (5) H2 denotes the F-test statistic values under the hypothesis of Hy: a/** = a/™~ where
i ={2,3}. (6) H3, H3a and H3b denote the F-test statistic values under the hypothesis of (i) Hy: (a/"/—a}) = 1 (ii) Ho: (a/** /a}) = 1 and
(iii) Hy: (@™ /al") = 1, respectively, where i = {2,3}. (7) H4 denotes the F-test statistic values under the hypothesis of Hy: 65+ = 8§~ for
asymmetric models. (8) H5 denotes the F-test statistic values under the hypothesis of Hy: 85 = 0 for symmetric models and Hy: 65 = 8§~ =0
for asymmetric models. (9) R?, DW LM and ARCH rows give adjusted R-square, Durbin-Watson, the p-values of a test for autocorrelation up to
lag 12 and a test for ARCH effects up to 12 lags, respectively.

Symmetry test (H4) results of valid asymmetric models for short-run coefficients indicate that the
short-run symmetry is accepted for both interbank repo rate and one of the joint models for the spread
repo rate is controlled. Lastly, H5 hypothesis indicates that adjustment process is immediate just for
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interbank repo rate. If we interpret H4 and H5 together, we may say that the interest rate of consumer
loans immediately, asymmetrically and separately adjust to the changes in interbank repo rate.

Banking Deposit Rate

The results of conventional and asymmetric ARDL analysis for banking deposit rate are given
in Table 6. Regarding the results of the conventional part, H1 row indicates that interest rate of
banking deposits is not separately cointegrated with the policy rates, but cointegrated with the CBRT
average funding rate and spread repo rate when they are jointly estimated. In this model, the interest
rate of spread repo has higher magnitude and significance level than the CBRT average funding rate
which is unlikely the findings of Binici et al. (2016). Specifically, a 1% change in spread repo rate
and the CBRT average funding rate cause interest rate of banking deposits to change by 1.94% and
1.09, respectively. H3 test statistics indicate that both coefficients are not equal to one, which means
the LR-PT is over proportionally in the long-run. Since the H5 test result is rejected, we also say that
the adjustment process is immediate for these effective policy rates.

When focusing on the asymmetry in models, we see that just three models suggest the
asymmetry in the coefficients for the long-run cointegration process: weekly repo rate, interbank
repo rate and spread repo rate. Although two jointly estimated models indicate long-run cointegration
(H1 is rejected), the coefficients do not follow asymmetric behaviour in the models since H2 is
accepted. When we focus on the significance level and the magnitudes for the valid asymmetric
models, we just see that interbank repo rate plays importance in determining the rate of banking
deposits and the LR-PT coefficient equal to one in the long-run. The same model indicates that the
interest rate of banking deposits immediately, asymmetrically and separately adjusts to the changes
in interbank repo rates and jointly to the changes in both the CBRT average funding rate and spread
repo rate in the short-run.

In summary, the results of our symmetric and asymmetric ARDL analysis provide insightful
findings. Regarding cointegration, we have found that all retail rates are cointegrated with the
interbank repo rate which gained importance in this new policy framework to reflect the stance of the
monetary policy of the CBRT. Additionally, we found that the interest rate of commercial loans is
also cointegrated with the CBRT average funding rate, the interest rate of consumer loans is
cointegrated with the spread repo rate and the interest rate of bank deposits is cointegrated with the
weekly repo rate. Regarding completeness of long-run pass through (LR-PT), we just concentrated
on the significant models of cointegration tests and found that the long-run pass through is complete
for all models under investigation. Turning to the short-run pass through (SR-PT), we reached the
conclusion that all retail rates show the immediate response to the changes in all policy rates with
just one exception (no short-run relationship between commercial loans and overnight lending rate).
On the asymmetric side, we provided evidence in favour of asymmetry between all retail rates and
interbank repo rates. We also found that the speed of pass-through differs for decreases and rises for
interbank repo rates, and the retail rates respond faster to rate cuts than hikes. These findings imply
that the interest rate pass-through is complete in the long-run in Turkey during the period of
unconventional interest rate corridor and the pricing of loans and deposits are asymmetrically driven
by the effective policy rates.
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Table 6. Asymmetric ARDL results for interest rates of bank deposits (rr?9r).

Late Overn_lght Weekly The CBRT Interbank Spread Repo The CBRT Average Funding
Overnight Lending Repo Rate Average Repo Rate Rate Rates and Spread Repo Rate
Rate Rate Funding Rate
prlor prolr prwrr prafr prirr p.r.srr z;::s:r
Estimated Coefficients
0.7378*** 0.1881 -0.0775 0.2450 0.0132 0.3844* -0.0884
%o 2.7448 [0.7511] [-0.3879] [1.3892] [0.0763] [1.7632] [-0.5709]
-0.0322 -0.0189 -0.0523** -0.0934*** -0.0978*** -0.0368 -0.0669*
@ | [-1.5899] [-0.8575] [-1.9551] [-2.5553] [-2.8593] [-1.5770] [-1.7124]
@2 m -0.0333 0.0024 0.0846*** 0.0775*** 0.1005*** -0.0160 0.0730**
S @2 [-1.7447] [0.1086] [3.5475] [2.6757] [3.8544] [-0.4876] [2.3140]
g . - - - - - - 0.1301***
4 3 - - - - - - [5.7197]
£  LRPT| -10342 0.1270 16176 0.8298 10276 0.4348 10912
< ) ) ) ) ' ) 1.9447
(&)
S
E H1 3.5474 0.3846 6.2955*** 3.6354 7.7312%** 1.4457 12.2059***
; H3 4.4012** 0.5828 0.8745 1.2396 0.0204 2.2452 8%;?‘;
@ H5 4.6632** 4.2564* 8.6101*** 24.2045*** 13.5851*** 8.1212*** 22.4438***
R? 0.6551 0.6343 0.7592 0.7359 0.7478 0.4263 0.8271
DW 1.8612 1.9100 1.8588 1.9195 2.2606 1.6593 1.6254
LM 0.3588 0.7013 0.0142 0.7554 0.7290 0.0391 0.7318
ARCH 0.7290 0.5567 0.7859 0.9670 0.1368 0.6861 0.6697
pr¥7Tis pre s
asymmetric asymmetric
0.4324** 0.2989 1.0987*** 0.8518*** 0.6933*** -0.1525 0.0950 -0.1013
%o [1.9558] [1.3468] [3.7934] [2.7277] [2.4526] [-0.6959] [0.2624] [-0.5255]
-0.0608** -0.0464 -0.1365*** -0.0979*** -0.0647* -0.0251 -0.0472 -0.0636*
% | [-2.1060] [-1.0167] [-4.2841] [-2.6694] [-1.7722] [-0.8987] [-1.0772] [-1.7230]
m+ 0.0103 -0.0022 0.0089 0.0729** 0.1101*** 0.0264 0.0586* 0.1206***
%2 [0.3438] [-0.0981] [0.2850] [2.3078] [4.9830] [0.8935] [1.7477] [5.7663]
. m— -0.0181 -0.0240 -0.0661 0.0781** 0.1286*** 0.0037 0.0507 0.1257***
5 %2 [-0.8417] [-1.1718] [-1.4546] [2.2311] [5.4940] [0.1310] [1.4007] [5.5279]
8 o - - - - - - 0.0993%** 0.0887***
5 3 - - - - - - [4.3127] [2.8816]
@ LR PT* 0.1694 -0.0474 0.0652 0.7446 1.7017 1.0518 1.2415 1.8962
< LR PT™ -0.2977 -0.5172 -0.4842 0.7978 1.9876 0.1474 1.0742 1.9764
2 LR PT - - - - - - 2.1038 1.3947
[<5)
E H1 3.2163 2.3629 8.9670*** 2.4453 12.5206*** 3.9921* 6.9228*** 9.5999***
2 H2 4.4992** 3.6890 11.5331*** 0.6654 10.0791*** 10.0703*** 0.8751 0.6640
< H3a 3.6116 4.3823** 19.3011*** 1.8582 5.1872** 0.0012 0.1816 0.7607
H3b 7.5762*** 6.3286*** 18.7915*** 0.8157 7.3644%** 0.3077 0.0195 0.8171
H4 0.6261 - 5.8924*** 1.9380 7.1633*** - 6.8106*** 0.4586
H5 7.9872*** - 23.4619*** 39.5893*** 8.8415*** - 37.4997*** 11.6265***
R? 0.7798 0.5599 0.6741 0.7454 0.8536 0.6545 0.8133 0.8914
Dw 1.9076 1.6706 1.5501 1.8348 1.8634 1.9818 1.5103 2.1036
LM 0.1539 0.5227 0.0343 0.6738 0.6243 0.0229 0.4781 0.1693
ARCH 0.9935 0.7437 0.9169 0.9892 0.4406 0.0495 0.9938 0.3570
(1) m indicates the policy rates (pp superscript: lor, olr, wrr, afr, irr or srr). (2) ai**and «3*~ indicate the long-run coefficients of rises and
decreases in policy rates, respectively. (3) Values in brackets underneath the coefficients are the t-values for the ***1%, **5% and *10%. (4) H1
denotes the Paseran-Shin-Smith F test statistic values under the hypothesis of Hy: af = a/* = 0 for k=2 for the symmetric models and Hy: al' =
a™ = a™ =0 for k=3 for the asymmetric models and critical values according to Pesaran et. al (2001) are 3.77, 4.35 and 5.61 for the
***10%, **5% and *1%, respectively, where i = {2,3}. (5) H2 denotes the F-test statistic values under the hypothesis of Hy: a** = a/™~ where
i ={2,3}. (6) H3, H3a and H3b denote the F-test statistic values under the hypothesis of (i) Hy: (a/"/—a}) = 1 (ii) Hy: (a** /a}) = 1 and
(iii) Hy: (@™ /al") = 1, respectively, where i = {2,3}. (7) H4 denotes the F-test statistic values under the hypothesis of H,: 6" = &5~ for
asymmetric models. (8) H5 denotes the F-test statistic values under the hypothesis of Hy: 85 = 0 for symmetric models and Hy: 65 = 8§~ =0
for asymmetric models. (9) R?, DW LM and ARCH rows give adjusted R-square, Durbin-Watson, the p-values of a test for autocorrelation up to
lag 12 and a test for ARCH effects up to 12 lags, respectively.
5. Conclusion

This study investigates the interest rate pass-through from multiple policy rates to various retail

rates for the Turkish economy after the CBRT has designed and implemented a new monetary policy
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strategy at the end of 2010. By applying both conventional and asymmetric cointegration
methodologies, we tested for the long-run relationship between the retail rates and multiple policy
rates. Our findings have shown that both the CBRT average funding rate and interbank repo rate
jointly play important role in the pass-through process.

Based on the data covering the period of unconventional interest rate corridor, our results from
conventional ARDL framework revealed that all retail rates are cointegrated with effective policy
rates, namely the CBRT average funding rate and interbank repo rates in the long-run. As the CBRT
average funding rate and interbank repo rate jointly considered, both the significance level and
magnitudes of the coefficients increase. Therefore, the pricing of loans and deposits are driven by the
effective policy rates. For the linear models under investigation, the pass-through is almost complete
for all retail rates in the long-run which confirms the effectiveness of monetary policy transmission
mechanism. Turning to the asymmetric behaviours on retail rates derived from the asymmetric
ARDL models, we found that both loans and deposits are cointegrated again with both the CBRT
average funding rate and interbank repo rate. We also found that the pass-through differs for
decreases and rises for effective policy rates where the retail rates respond faster to policy rate cuts
than hikes. According to the long-run pass-through coefficients, the magnitude of the pass-through is
nearly complete on all retail rates when the effective policy rates are considered jointly.

In a nutshell, our results confirm the findings of Binici, Kara and Ozlii (2016) that interest rates
of the CBRT average funding and interbank repo are the main drivers of the retail rates during the
period of unconventional interest rate corridor. Therefore, these two rates have potential to assess the
monetary policy stance of the CBRT regardless of the success of monetary policy. Moreover, since
these policy rates show asymmetric characteristics during this period, we may understand that the
adjustment process differs in case of rises and falls for effective policy rates. But it should critically
be noted that, unlike the findings of Binici, Kara and Ozlii (2016), the response of retail rates to
effective policy rates hikes was found lower than to the cuts in our research.
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