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THE INTEREST RATE PASS-THROUGH PROCESS IN TURKEY: EMPIRICAL 
EVIDENCE FROM LINEAR AND NONLINEAR ESTIMATION TECHNIQUES  

TÜRKİYE’DE FAİZ ORANI GEÇİŞKENLİĞİ SÜRECİ: DOĞRUSAL VE DOĞRUSAL OLMAYAN 
TAHMİN TEKNİKLERİNDEN BULGULAR 

Burçin ÇALIŞKAN GÖK*, Ümit BULUT** 

Abstract 
 
Using monthly data that span the period 2011:01-2021:03, this paper examines the interest 
rate pass-through mechanism in Turkey. The paper considers nonlinearity and employs both 
linear and nonlinear time series methods. The linear cointegration test yields the long-run 
interest rate pass-through coefficient is lower than unity, whereas the nonlinear cointegration 
test shows this coefficient is greater than unity. Theoretical and practical implications are 
discussed. 
 
Keywords: Interest Rate Pass-Through, Interest Rates on Commercial Loans, Linearity, 
Nonlinear Smooth Transition Models. 

Özet 
 
Bu çalışma, 2011:01-2021:03 dönemine ait aylık verileri kullanarak Türkiye’de faiz oranı 
geçişkenliği mekanizmasını incelemektedir. Çalışma doğrusal olmama durumunu dikkate 
almakta ve hem doğrusal hem de doğrusal olmayan zaman serisi yöntemleri kullanmaktadır. 
Doğrusal eşbütünleşme testi uzun dönem faiz oranı geçişkenliği katsayısının birden küçük 
olduğuna işaret ederken, doğrusal olmayan eşbütünleşme testi bu katsayının birden büyük 
olduğuna işaret etmektedir. Teoriye ve uygulamaya yönelik çıkarımlar çalışmada 
tartışılmaktadır. 
 
Anahtar kelimeler: Faiz Oranı Geçişkenliği, Ticari Kredi Faiz Oranları, Doğrusallık, Doğrusal 
Olmayan Yumuşak Geçişli Modeller. 

ISSN 2618-6217 



 

 

Introduction 

The goal of this paper is to investigate the interest rate pass-through 
(IRPT) to commercial loan interest rates for the case of Turkey using 
monthly data covering the period 2011:01-2021:03. To that end, the 
paper relaxes the linearity assumption and employs both linear and 
nonlinear estimation methods. Besides, the paper considers a nonlinear 
smooth transition method rather than a sharp transition method as the 
smooth transition between regimes is more realistic for economic data 
sets. 

When one examines the evolution of monetary policy strategies, he/she 
can notice that many central banks (CBs) have endorsed the inflation 
targeting (IT) strategy in recent decades by abandoning the monetary 
targeting strategy or the exchange rate targeting strategy. Within this 
scope, as Morozumi et al. (2020) denote, there are thirty-nine CBs that 
adopt the IT strategy currently. Besides, the monetary policy strategies of 
the Federal Reserve and the European Central Bank (ECB) are highly 
similar to the IT strategy even though they do not explicitly announce 
(Eichengreen et al., 2011). Hence, there appears to be a global consensus 
about the implementation of monetary policy under the IT strategy. 

A CB that adopts the IT strategy carries out monetary policy by adjusting 
short-term/overnight interest rates since it considerably influences 
money markets (De Bondt 2002, 2005; Baugnet and Hradisky, 2004). 
Accordingly, monetary policy has a two-stage feature: a change in the 
policy rate of the CB is transmitted to money market rates/marginal costs 
of funds for banks/short-term interest rates at the first stage, while the 
change in short-term interest rates influences lending and borrowing 
rates for longer maturities at the second stage (De Bondt, 2005; Egert et 
al., 2007; Gambacorta et al., 2015). Hence, the IRPT/monetary policy 
pass-through measures the degree to which a change in monetary policy 
that alters short-term interest rates is transmitted to lending and 
borrowing rates (Yuksel and Ozcan, 2013; Andries and Billion, 2016). 
Next, the change in demand-supply dynamics for loans and deposits 
affects expenditures, output, and inflation as consumption, saving, and 
investment decisions are considered to be highly sensitive to lending and 
borrowing rates (Robertson, 2016; Altavilla, 2019). Therefore, an 
efficient IRPT mechanism implies a change in short-term interest rates is 
considerably transmitted to retail interest rates, whereas the impact of 
monetary policy responses on lending and borrowing rates will be weak 
if this transmission is incomplete (Egert et al., 2007; Karagiannis et al., 
2010; Verheyen, 2013). 

The Central Bank of the Republic of Turkey (CBRT) has used short-term 
interest rates as the primary monetary policy tool since 2002. It can be 
observed throughout the extant monetary economics literature that 
some studies have investigated the IRPT to lending rates in Turkey. It can 
also be noticed that some papers employed a linear estimation method 
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(see e.g., Aydin, 2007; Caglarirmak-Uslu and Karahan, 2016; Binici et al. 
2019; Bulut, 2020) whereas some others performed a nonlinear method 
considering the possible nonlinearity (see e.g., Yildirim, 2012; Yuksel and 
Ozcan, 2013; Sahin and Cicek, 2018). Accordingly, Yildirim (2012), Yuksel 
and Ozcan (2013), Sahin and Cicek (2018), and Bulut (2020) provided 
evidence in favour of a nearly complete IRPT to lending rates, while Aydin 
(2007), Caglarirmak-Uslu and Karahan (2016), and Binici et al. (2019) 
explored an incomplete IRPT to lending rates for Turkey. 

As is clearly stressed by Enders (2015), most of the time series variables 
exhibit a nonlinear behaviour rather than a linear behaviour. Besides, a 
smooth transition model can present more efficient output in a time 
series model as the parameters in the model are likely to change slowly 
(Terasvirta, 1994; Galvao and Owyang, 2018). Hence, considering none 
of the previous papers has used a smooth transition model to analyse the 
IRPT to lending rates in Turkey so far, this paper performs smooth 
transition models to investigate the IRPT mechanism in Turkey. Hence, a 
distinguishing characteristic of this paper is that it is the first paper that 
runs smooth transition models while focusing on the IRPT process for the 
case of Turkey. 

The empirical findings obtained from the linear cointegration test 
indicate that there is a cointegration relationship in the model and that 
the long-run IRPT coefficient is lower than 1. Additionally, the outputs of 
the nonlinear cointegration test show there occurs a cointegration 
relationship in the model and the long-run IRPT coefficient is greater than 
1. Hence, the results imply that linear and nonlinear time series methods 
yield different findings for the IRPT process in Turkey. 

The rest of the paper is organized as follows: The following section 
presents the model and data. Estimation techniques are exhibited in 
Section 2, while results are given in Section 3. Finally, the last section 
concludes the paper. 

1. Model and Data 

The IRPT mechanism measures the degree to which a change in short-
term interest rates is transmitted to long-run interest rates. Hence, the 
relationship between long- and short-run interest rates in Turkey can be 
described as the following: 

 

LRt = δ0 + δ1IRt + εt       (1)  

 

where LR, IR, and ε stand for the weighted average lending rate for 
commercial loans in TRY, overnight lending rate at the Borsa Istanbul 
Interbank Repo/Reverse Repo Market, and the error term, respectively. 
Monthly data covering the period 2011:01-2021:03 are utilized in the 
paper. Data for both variables are extracted from the CBRT (2021). The 
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degree of the IRPT is measured by the coefficient δ1. Within this scope, 
the IRPT mechanism is affected by some factors, namely risk premium 
and competition in the banking sector, etc (De Bondt, 2005; ECB, 2007; 
Jobst and Kwapil, 2008). If δ1 is equal to 1, loan markets are perfectly 
competitive and there exists a full IRPT to lending rates (Sander and 
Kleimer, 2004; De Bondt, 2005). If δ1 is lower than 1, loan markets are not 
perfectly competitive and there exists an incomplete IRPT to lending 
rates. This may be due to the weak competition among banks in the 
system (De Bondt, 2002, 2005; Doojov and Kalirajan, 2016) and/or the 
asymmetric information between banks and customers, meaning an 
increase in lending rates may attract riskier borrowers for banks and 
banks may ration credits to avoid information asymmetries (Stiglitz and 
Weiss, 1981; Mishkin, 2004). Finally, if δ1 is higher than 1, this can be 
interpreted as a situation where banks rise lending rates to offset higher 
risks stemming from asymmetric information (Sander and Kleimer, 
2004; De Bondt, 2005; Egert et al., 2007). In this case, banks do not 
decrease the supply of loans and not ration credits. An IRPT coefficient 
that is greater than 1 implies lending rates include an additional risk 
premium (Cordemans and de Sola Perea, 2011). Hence, an overshooting 
pass-through indicates that banks consider a risk premium, which relies 
on the economic environment, while they are adjusting lending rates 
(Yuksel and Ozcan, 2013). Last but not least, the monetary policy stance 
cannot be fully reflected by lending rates when the IRPT coefficient is 
different from 1 (Blot and Labondance, 2013). 

 

Table 1: Descriptive statistics and correlation matrix 
 LR IR 
Mean 15.379 11.506 
Median 14.400 10.748 
Maximum 34.480 25.133 
Minimum 8.415 4.657 
Std. deviation 4.979 4.896 
Correlation matrix   
LR 1  
IR 0.910 1 

 

Table 1 demonstrates descriptive statistics and the correlation matrix. 
Accordingly, all descriptive statistics of LR are greater than those of IR. 
Besides, there exists a positive and high correlation between LR and IR. 
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Figure 1: The trends of LR and IR 

 

Figure 1 demonstrates the trends of LR and IR to provide preliminary 
information about the co-movement of LR and IR. As is seen, the variable 
LR is described by the polynomial equation of y = -0.0006x2 + 0.1449x + 
9.3094 and the variable IR is predicted by y = 6E-05x2 + 0.0786x + 6.3. 
Additionally, R2 values for LR and IR are respectively 0.2984 and 0.3986. 
As is seen in the figure, the trends indicate the existence of a unit root in 
LR and IR along with a strong co-movement between them, implying 
there can be a cointegration relationship between them. 

2. Estimation methods 

2.1. Linear unit root tests 

The present paper performs some linear unit root tests to check whether 
the series under consideration are stationary. Accordingly, the paper 
employs the unit root tests propounded by Dickey and Fuller (1981, 
hereafter ADF) and Phillips and Perron (1988, hereafter PP). Both unit 
root methods test the null hypothesis of non-stationarity. 

2.2. ARDL cointegration test 

The autoregressive distributed lag (ARDL) cointegration test is 
commonly employed in econometric analyses. According to this 
approach, first, the null hypothesis of the non-existence of cointegration 
is tested via the bounds testing approach produced by Pesaran et al. 
(2001). While investigating the existence of cointegration, researchers 
compare a test statistic to lower bound and upper bound critical values. 
If the computed test statistic is greater than the upper bound critical 
value, then there is a cointegration relationship between variables in the 
empirical model. Second, if there is cointegration in the model, long- and 
short-run coefficients are computed using the regression model 
propounded by Pesaran and Shin (1999). The ARDL model is 
demonstrated as below: 

Yt = α + ∑ α Yt-  + ∑ β Xt-  + ut
q
=0

p
=1     (2) 

 

y = 6E-05x2 + 0.0786x + 6.3
R² = 0.3986

y = -0.0006x2 + 0.1449x + 9.3094
R² = 0.2984
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Utilizing this model, long-run coefficients are calculated as follows: 

α*= 
α

1- ∑ αp
=1

        (3) 

β*= 
∑ βq

=0

1- ∑ αp
=1

        (4) 

Using Equations (3-4), the cointegration model can be expressed as 
below: 

Yt = α*+ β*Xt        (5) 

After computing long-run coefficients, the short-term relationship is 
estimated through the error correction model exhibited as 

ΔYt = θ0 + θ1ECt-1 + ∑ δ ΔYt-  + ∑ λ ΔXt-  + ut
q
=0

p
=1   (6) 

ECt-1 shows the degree to which a deviation in the short run is mended in 
the long-run. Therefore, the parameter of the lagged error correction 
term, namely θ1, must be statistically significant and negative to support 
cointegration. 

2.3. Nonlinear unit root test 

Kruse (2011) propounds a nonlinear unit root test to examine whether a 
time series variable has a unit root. The null hypothesis of this test 
indicates the series has a unit root, while the alternative hypothesis 
implies there exists a nonlinear exponential smooth transition 
autoregressive process. Kruse (2011) extends the unit root test of 
Kapetanios et al. (2003) by relaxing the assumption of the zero-location 
parameter. Hence, Monte Carlo simulations indicate that this test is 
superior in terms of power compared to the test of Kapetanios et al. 
(2003). Accordingly, the following nonlinear time series model is first 
considered: 

Δyt = ϕyt-1 1 - exp -γ yt-1 - c
2

 + εt    (7) 

Then, a first-order Taylor approximation is applied, and the test 
regression below is obtained: 

Δyt = β1yt-1
3  + β2yt-1

2  + β3yt-1 + ut     (8) 

Afterwards, β3 = 0 is established to advance the power of the test and the 
model below is presented: 

Δyt = β1yt-1
3  + β2yt-1

2  + ut      (9) 
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The null hypothesis of the presence of a unit root defined as H0: β1 = β2 = 
0 is tested against the alternative hypothesis of stationarity described as 
H1: β1 < 0, β2 ≠ 0. If the computed statistic is higher than the critical values 
reported by Kruse (2011), the null hypothesis that there is a unit root is 
rejected, meaning the series under consideration is stationary. 

2.4. Nonlinear cointegration test 

Kapetanios et al. (2006) suggest a test to examine the possible presence 
of cointegration by utilizing the nonlinear exponential smooth transition 
error correction model. They investigate whether there exists an 
exponential smooth transition cointegration in an empirical model. They 
employ the models below: 

Δyt = ϕut-1 + γut-1 1 - e-θ(ut-1 - c)2
 + ω'Δxt + ∑ ψ'Δzt-  + et

p
=1  (10) 

Δxt = ∑ Γx Δzt-  + εxt
p
=1       (11) 

ut = yt - βx

'
xt        (12) 

where β  is the ordinary least squares (OLS) estimation for βx.  They 
produce some test statistics to test for cointegration in an empirical 
model. One of these statistics is the tNEG test statistic which is the 
nonlinear analogue of the Engle and Granger (1987) cointegration 
statistic. The following model is estimated to obtain the tNEG statistic: 

Δut = δut-1
3  + ∑ φ ∆ut-  + εt

p
=1       (13) 

The null hypothesis of no cointegration is indicated as H0: δ = 0. If the 
tNEG statistic is higher than the critical values computed by Kapetanios 
et al. (2006), then the null hypothesis of no cointegration is rejected. 

3. Estimation results 

In this section, the paper first presents the results of the ADF and PP unit 
root tests. The results of these tests are exhibited in Table 2. As is seen, 
both tests indicate the null hypothesis that there is a unit root is not 
rejected at level, while it can be rejected at the first difference. These 
results mean that both variables are stationary at their first difference 
forms, implying the possible existence of cointegration in the empirical 
model could be tested via the ARDL cointegration test. 

Table 2: ADF and PP unit root tests 
Variable Statistic for the ADF test Statistic for the PP test 

Level 1st dif. Level 1st dif. 

LR -2.229 -6.221* -2.273 -6.087* 
IR -2.071 -6.110* -1.913 -6.070* 

Note: * Indicates 1% statistical significance. 
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Table 3 presents the results of the ARDL cointegration test along with the 
long-run coefficient.  Accordingly, as is seen in panel A of the table, the 
null hypothesis of no cointegration can be rejected by the test statistic at 
1% level of significance. This finding supports Figure 1 which shows 
there exists a strong co-movement between LR and IR. It also indicates 
that the long-run IRPT coefficient could be estimated. Therefore, after 
determining the existence of cointegration, panel B of the table reports 
the long-run IRPT coefficient. As is seen, the IRPT coefficient is lower than 
1. 

Table 3: ARDL cointegration test 
Panel A: Bounds test 
Test statistic 6.328* 
Panel B: Long-run parameter 
Variable Coefficient Std. error t-statistic 
IR 0.784* 0.104 7.544 

Notes: To save space, short- and long-run models of the ARDL 
cointegration test are not presented in the paper. It must be noted that 
the parameter of the one-period lagged error correction term is negative 
and significant in the short-run model, supporting the presence of 
cointegration in the empirical model. * Indicates 1% statistical 
significance. 
 

Next, the paper relaxes the assumption of linearity and performs a 
linearity test to test whether the series under consideration exhibit 
nonlinear behaviours. Prior to employing nonlinear unit root and 
cointegration tests that use the smooth transition method, the paper tests 
whether the series under consideration exhibit nonlinear behaviours. 
The paper performs the Harvey et al. (2008) test to examine whether LR 
and IR demonstrate nonlinear behaviours. This test has better finite 
sample size properties and improved power compared to the Harvey and 
Leybourne (2007) test. The null hypothesis of linearity is tested against 
the alternative hypothesis of nonlinearity for this test. 

 

Table 4: Harvey et al. (2008) linearity test 
Variable Test statistic 
LR 20.17* 
IR 4.11 

Note: * Indicates 1% statistical significance. 

 

Table 4 reports the empirical outputs of the Harvey et al. (2008) linearity 
test. As is seen, the null hypothesis of linearity is rejected for LR, but it is 
not rejected for IR. Hence, the analysis yields that LR exhibits a nonlinear 
behaviour, whereas IR demonstrates a linear behaviour. Therefore, the 
paper employs the Kruse (2011) test for LR. 
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Table 5: Kruse (2011) unit root test 
Variable Kruse (2011) test statistic 

Level 1st dif. 

LR 7.114 16.443* 
Note: * Indicates 1% statistical significance. 

 

The result of the Kruse (2011) unit root test is demonstrated in Table 5. 
Accordingly, the null hypothesis that there is a unit root cannot be 
rejected at level, while it can be rejected at the first difference for LR 
according to the Kruse (2011) unit root test. This result means that LR is 
stationary at the first difference form, implying the possible existence of 
cointegration in the empirical model could be tested via the Kapetanios 
et al. (2006) cointegration test. 

 

Table 6: Kapetanios et al. (2006) cointegration test 
Panel A: Cointegration test 
Test statistic -3.158** 
Panel B: Long-run coefficient 
Variable Coefficient Std. error t-statistic 
IR 1.274* 0.020 63.814 

Note: * and ** respectively illustrate 1% and 5% statistical significance 
levels. 

 

Finally, the empirical outputs obtained from the cointegration test of 
Kapetanios et al. (2006) and the long-run IRPT coefficient are reported in 
Table 6. Accordingly, panel A of the table shows that the null hypothesis 
of the non-existence of cointegration is rejected at 5% level of 
significance. This finding supports Figure 1 which shows there exists a 
strong co-movement between LR and IR. It also indicates the long-run 
IRPT coefficient could be estimated. Hence, after detecting the presence 
of cointegration, panel B depicts the long-run IRPT coefficient. As is seen, 
the IRPT coefficient is greater than 1. 

The results obtained from the ARDL cointegration test and the 
Kapetanios et al. (2006) cointegration test present highly different 
empirical findings. Accordingly, the ARDL cointegration test’s findings 
imply that the pass-through of monetary policy to commercial loan 
interest rates is incomplete, whereas the findings indicated by the 
Kapetanios et al. (2006) cointegration test show the banks in the Turkish 
banking sector over-adjust the interest rates on commercial loans as a 
response to a change in short-term interest rates. 

Conclusion 

The IRPT process measures the degree to which a change in short-term 
interest rates is transmitted to long-run interest rates. On one hand, an 
efficient IRPT mechanism implies the CB can control long-term interest 
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rates by adjusting short-term interest rates, which in turn can affect 
output and inflation. On the other hand, an incomplete or excessive IRPT 
process indicates the CB cannot fully control long-term interest rates, 
which in turn can negatively influence the effectiveness of monetary 
policy in terms of affecting output and inflation. 

This paper examines the pass-through of monetary policy to commercial 
loan interest rates in Turkey by employing monthly data for the period 
2011:01-2021:03. While doing that, the paper first performs linear 
estimation methods and then carries out nonlinear estimation methods. 
The nonlinear methods employed by the paper rely on the smooth 
transition models, implying they are likely to produce more efficient 
output compared to sharp transition models. On one hand, the linear 
cointegration test discovers that there is a cointegration relationship in 
the model and that the long-run IRPT coefficient is lower than 1. On the 
other hand, the nonlinear cointegration test explores there exists a 
cointegration relationship in the empirical model and the long-run IRPT 
coefficient is greater than 1. Hence, the linear test presents evidence that 
there exists a weak competition among banks in Turkey, meaning some 
banks may have a market power. Besides, the findings of the linear 
cointegration test indicate that the banks in the Turkish banking sector 
tend to increase commercial loan interest rates fewer compared to the 
increase in short-term interest rates and also to ration credits because of 
asymmetric information. Additionally, the nonlinear test yields that the 
banks in the Turkish banking system do not ration credits because of 
asymmetric information and appear to increase commercial loan interest 
rates to compensate great risks occurring due to asymmetric information. 
Therefore, the findings obtained from the nonlinear analysis shows that 
the banks take a risk premium into account while setting lending rates, 
meaning there exists an additional risk premium in commercial loan 
interest rates in Turkey. Besides, according to both linear and nonlinear 
methods, the monetary policy stance is not completely reflected by 
interest rates on commercial loans in Turkey as the IRPT coefficient is 
found to be different from 1. Overall, the empirical analyses indicate that 
the findings can highly differ with regard to the estimation methods. As 
the linearity test presents evidence in favour of nonlinear methods, the 
paper considers the nonlinear method while discussing the empirical 
findings. 

The paper argues that the risk premium indicated by the nonlinear 
smooth transition method may exist because of some considerable 
developments in the world and Turkey, such as the depreciation of 
Turkish Lira against foreign currencies in the last periods, the great 
inflation uncertainty that stems from high inflation rates in Turkey (see 
e.g., Apergis et al., 2021), and the uncertainty created by the COVID-19 
pandemic, etc. Hence, this paper argues that if the factors creating the 
risks are removed, (i) the control of the CBRT on lending rates can 
improve, (ii) lending rates can give information about the CBRT’s 
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monetary policy stance, and (iii) the effectiveness of the IRPT mechanism 
can increase in Turkey. 
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