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Recent innovation in benchmark rates (BMR): 
evidence from influential factors on Turkish Lira 
Overnight Reference Interest Rate with machine 
learning algorithms
Özer Depren1 , Mustafa Tevfik Kartal2*  and Serpil Kılıç Depren3  

Introduction
Interest rates can be described as the price of money. They function as determining 
instruments of the cost or value of money in economies (Tumwine et al. 2018; Lyashenko 
and Mercurio 2019). Depending on the functions, interest rates are among the most 
important economic and financial indicators. Therefore, interest rates have the potential 
to affect the indicators while the indicators may affect interest rates.

Changes in interest rates negatively affect financial markets and all economic actors. 
For example, increasing interest rates affect investments negatively (Lin et  al. 2018). 
Similarly, increasing interest rates causes a decreasing effect on economic activities and 
growth. Interest rates are important in terms of price, macroeconomic, and financial 
stabilities. Therefore, countries desire to have low interest rates, considering their sig-
nificant role. According to the role and importance of interest rates in economies, the 
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Some countries have announced national benchmark rates, while others have been 
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European Union (EU) area has been applying negative interest rates. Similarly, Turkey 
has implemented a negative interest rate until recently. However, the desired stimulus 
effect cannot be achieved with the negative interest rate practice in the EU and Turkey.

Monetary, fiscal, and macro-prudential policies affect interest rates either positively 
(decreasing) or negatively (increasing) depending on the decisions taken. Changes and 
volatility of interest rates can change stock markets, foreign investments, credit expan-
sion, credit growth, and economic growth by affecting uncertainty (Gözgör et al. 2019). 
Additionally, savings, consumption, and unemployment are related to interest rates. 
Therefore, the level and behavior of interest rates are crucial for the stability and devel-
opment of countries.

‘Interest rate’ is used as a generic term. However, there are various types of interest 
rates in economies. Central Bank policy rates, credit interest rates, deposit interest rates, 
interbank interest rates, Treasury bond interest rates, Eurobond interest rates, and Lon-
don Interbank Offered Rate (LIBOR) are interest rates (Dinçer et al. 2019; Salim 2019; 
Kartal 2020a). Each of these has a different function in financial markets and economies 
and can have different rate levels in the same term. While most types of interest rate are 
related to national activities, few are related to the international arena like LIBOR.

LIBOR is a type of interest rate used mostly in international lending and borrowing 
activities, capital flows, and fund flows. Additionally, LIBOR is used for lending without 
collaterals (Johannes and Sundaresan 2007). Besides, LIBOR is calculated based on the 
bid and ask prices quoted by investment banks included in the LIBOR system. LIBOR 
is not calculated based on the transactions realized in an organized market. There have 
been discussions about LIBOR’s reliability because of this structure, because LIBOR can 
be manipulated by banks providing misleading quotations. Some regulations have even 
fined the banks involved in the formation of LIBOR. Additionally, LIBOR is criticized 
for not reflecting counterparty risk very clearly (Tokic 2018).

LIBOR will be retired at the end of 2021 due to the contributions of negative argu-
ments and developments and scandals in 2012 (Kalgreen 2019; European Union (EU) 
2021a). Some countries have been working on their national benchmark rates (BMR) to 
meet their needs to replace LIBOR. Accordingly, various legislations have been made by 
regulatory bodies (EU 2016), and some additional legislation on benchmark rates has 
been in the negotiation process (EU 2021b).

While some countries, including Turkey, have announced national benchmark rates 
(Bank for International Settlements (BIS) 2021; Borsa İstanbul (BIST) 2021a; Interna-
tional Swaps and Derivatives Association (ISDA) 2021a), some others have been work-
ing on the development of their BMR, which is required and essential for the period 
after LIBOR is retired. In the Turkey example, BIST announced Turkish Lira Overnight 
Reference Interest Rate (TLREF) as a new financial instrument in 2019. TLREF is calcu-
lated based on the transactions realized each day in BIST repo-reverse repo market.

Considering all the information above, having a national benchmark rate and sustaining a 
low-level of TLREF is significant due to its influence on the financing capacities of banks to 
in turn affect economic development and growth. In this context, as a new financial innova-
tion instrument, examining the effects of global and country-level macroeconomic factors 
on TLREF can be empirically beneficial. Hence, some policy recommendations can be pro-
posed to regulatory bodies based on analysis of these factors so that Turkey can decrease 
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the negative effects of the influential determinants on TLREF and can be ready for replac-
ing LIBOR with TLREF in financing activities. Hence, it stimulates economic activities and 
growth via increased borrowing, lending, and TLREF-based securities issuance capacity of 
Turkish banks.

This study examines the determinants of TLREF as a new financial instrument announced 
in the context of transition to benchmark rates after LIBOR retirement. This is done by 
employing machine learning algorithms to reveal the important variables (including global 
and country-level macroeconomic determinants and the pandemic) while focusing on an 
emerging market example (i.e., Turkey) to understand how to determine the measures 
through which countries can achieve low-level benchmark rates. The dataset collected 
for this objective is drawn from daily data between December 28 2018, and December 
31, 2020. The results of the study show that the most influential factors on TLREF are the 
amount of securities bought by the Central Bank followed by emission amount, gold prices, 
United States Dollar (USD)/TL foreign exchange rates (FX), BIST main index (XU100), the 
volatility index, credit default swap (CDS) spreads, Morgan Stanley Capital International 
(MSCI) emerging market index, respectively. Moreover, the COVID-19 pandemic does not 
affect TLREF throughout the periods examined. The results of the analysis show the crucial 
effects of country-level macroeconomic factors on TLREF.

Although there is a transition period, and guidelines and rules have been published by 
regulatory authorities for the post-LIBOR period (preparatory works), the nexus between 
benchmark rates, economic factors (i.e., global and country-level), and the pandemic is 
unclear. This issue has not been explored comprehensively yet. We obtain some insight into 
preparing for such an issue in the attempt to fill one of the gaps in the existing literature. 
The study contributes to the literature in certain ways. Although there is a study examin-
ing TLREF conceptually (Kartal 2019a), to the best of our knowledge, there is no study that 
examines TLREF empirically in the literature. Therefore, the study’s main contribution is to 
examine and reveal the determinants of TLREF by using global and country-level macro-
economic indicators, while also considering the pandemic. This study focuses on Turkey’s 
benchmark rate through machine learning algorithms, which have high prediction capacity 
and regression. In this context, the Random Forest algorithm has the most accurate pre-
diction model, followed by Support Vector Machines, Ordinary Least Square (OLS), and 
k-Nearest Neighbors algorithms. This study recommends some policy implications for low-
level TLREF by considering the analysis of the results.

The remainder of this study is organized as follows. “Conceptual framework” section   
briefly presents the conceptual framework, while a literature review is provided in “Litera-
ture review” section. “Data, variables, and methodology” section describes the data, deter-
minants used in the analysis selected from the literature, and the methodology. “Empirical 
results” section presents the empirical results, findings-based discussion, and policy impli-
cations. Finally, the conclusions are discussed in “Conclusion” section.

Conceptual framework
A benchmark can be defined as “an index (statistical measure), calculated from a rep-
resentative set of underlying data, that is used as a reference price for a financial instru-
ment or financial contract, or to measure the performance of an investment fund” (EU 
2016). A benchmark rate shows the average interest rate in a specific economy (Kartal 
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2019b). With this definition and specification, BMR is used in various products such as 
forward, swap option, float rate bonds or binds, mortgage loans, and hybrid financial 
instruments (Chan 2011). BMR importantly reflects the realities in financial markets.

Previously, various term rates (e.g., 1  month, 3  months) were determined by fix-
ing in advance, and overnight rates were compounded for different tenors by fixing in 
arrears (Lyashenko and Mercurio 2019; ISDA 2021b). Recently, the calculation method 
for benchmark rates has changed. Benchmark rates, which replace the LIBOR after the 
end of 2021 as fallback rates, have been constructed based on risk-free overnight rates 
mainly by Central Banks or countries’ stock exchanges (Bank of England (BoE) 2021; 
ISDA 2021b). Additionally, benchmark rates are constructed based on real transactions 
rather than fixing or quotations, important for new generation benchmark rates. Moreo-
ver, the spread between fallback rates and adjusted rates is very low. For example, over-
night USD LIBOR is 0.08313, whereas the adjusted overnight reference rate (SOFR) is 
0.08, showing a 0.00313 spread. Similarly, overnight GBP LIBOR is 0.05290, whereas the 
adjusted overnight reference rate (SONIA) is 0.05, showing a 0.00290 spread (Bloomb-
erg 2021). These figures prove that new benchmark rates can be replaced with LIBOR.

With the transition process to the period after LIBOR, countries (regions) have been 
making efforts to announce national benchmark rates. In this context, some countries 
(regions) like the USA, UK, Euro Area, Switzerland, Japan, Australia, Canada, and Hong 
Kong announced benchmark rates as Secured Overnight Financing Rate (SOFR), Ster-
ling Overnight Index Average (SONIA), Euro Short Term Rate (ESTR), Swiss Average 
Rate Overnight (SARON), Tokyo Overnight Average Rate (TONA), Australian Inter-
bank Overnight Cash Rate (AONIA), Canadian Overnight Repo Rate Average (CORRA), 
and Hong Kong Dollar Overnight Index Average (HONIA), respectively (BIS 2021; 
ISDA 2021a). Moreover, Turkey has advertised TLREF as BMR, a new financial instru-
ment recently developed by BIST. Turkey tried another benchmark rate named Turk-
ish Lira Reference Interest Rate (TRLIBOR) in the past. However, it was not successful 
because banks did not use this rate, and there were not many transactions based on the 
TRLIBOR rate. The 1-week repo interest (policy) rate of the Central Bank is not enough 
sometimes. Thus, the policy rate may not reflect the funding rate in the market. There-
fore, TLREF was developed and announced as a new benchmark rate to meet Turkey’s 
BMR needs in 2019. Hence, TLREF is used in borrowing and lending activities, deriva-
tive products, bonds and bills, and other financial instruments (BIST 2021a).

TLREF is calculated based on the transactions realized in BIST repo-reverse repo mar-
ket, which is significant for the BMR requirement. In the calculation, certain types of 
transactions (canceled transactions, special notifications, transactions settled outside of 
Takasbank, transactions from itself ) are excluded. Additionally, the bottom and top 15% 
of transactions are excluded (BIST 2021a). TLREF was announced first on June 17, 2019, 
and it included data from December 28, 2018, the date of the consolidation of repo mar-
kets and hence consolidation of liquidity in BIST. Figure  1 shows the development of 
TLREF.

According to Fig. 1, TLREF has a decreasing trend on average. Additionally, there 
is a significantly increasing underlying transaction volume. Hence, it can be said that 
TLREF does not have shortcomings, such as the quotation-based determination that 
LIBOR has. Therefore, TLREF is a highly reliable BMR for Turkey and other parties. 
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However, with the announcement of TLREF, financial institutions have to issue 
TLREF-based securities. Figure 2 shows the development of TLREF-based securities 
(bond and bills).

Figure 2 presents that securities issues began in August 2019. After this time, the 
cumulative issue volume of TLREF based securities has constantly increased. The new 
issuance of TLREF-based securities has a volatile trend depending on the funding 
needs of related parties, mainly banks, other financial institutions, the Turkish treas-
ury, and some corporate firms. In summary, the amount of TLREF based issues has 

0

5

10

15

20

25

30

35

0

20

40

60

80

100

120

140

160

180

De
c-

18
Ja

n-
19

Ja
n-

19
Fe

b-
19

Fe
b-

19
M

ar
-1

9
M

ar
-1

9
Ap

r-
19

Ap
r-

19
M

ay
-1

9
M

ay
-1

9
Ju

n-
19

Ju
n-

19
Ju

l-1
9

Ju
l-1

9
Au

g-
19

Au
g-

19
Se

p-
19

Se
p-

19
O

ct
-1

9
O

ct
-1

9
N

ov
-1

9
N

ov
-1

9
De

c-
19

De
c-

19
Ja

n-
20

Ja
n-

20
Fe

b-
20

Fe
b-

20
M

ar
-2

0
M

ar
-2

0
Ap

r-
20

Ap
r-

20
M

ay
-2

0
M

ay
-2

0
Ju

n-
20

Ju
n-

20
Ju

l-2
0

Ju
l-2

0
Au

g-
20

Au
g-

20
Se

p-
20

Se
p-

20
O

ct
-2

0
O

ct
-2

0
N

ov
-2

0
N

ov
-2

0
De

c-
20

De
c-

20

Underlying Transac�on Volume (Billion TL) TLREF (%, Right Axis)

Fig. 1 The development of TLREF and underlying transaction volume.  Source: BIST (2021a)

0

2

4

6

8

10

12

14

0

10

20

30

40

50

60

70

80

90

100

Au
g-

19

Se
p-

19

O
ct

-1
9

N
ov

-1
9

De
c-

19

Ja
n-

20

Fe
b-

20

M
ar

-2
0

Ap
r-

20

M
ay

-2
0

Ju
n-

20

Ju
l-2

0

Au
g-

20

Se
p-

20

O
ct

-2
0

N
ov

-2
0

De
c-

20

Cumula�ve Issue Volume (Billion TL) Issue Volume (Billion TL, Right Axis)

Fig. 2 The development of TLREF-based securities (billion TL). Source: Authors’ collections (Public Disclosure 
Platform PDP 2021)



Page 6 of 20Depren et al. Financ Innov            (2021) 7:44 

reached TL 94 billion as of 2020 year-end. Additionally, this volume may continue to 
increase with the replacement of LIBOR.

With the introduction of TLREF, Turkey has been preparing to replace LIBOR with 
TLREF. However, the level of TLREF would be very important in the forthcoming period 
as it will directly affect the financial sources of Turkish banks via borrowing activities 
and securities.

Literature review
There are limited but growing studies in the literature examining the nexus between 
BMR and determinants. For example, Chan (2011) examines BMR in Hong Kong 
between January 2007 and June 2010 by using a cointegration test and concludes that 
corporations can lower the interest rate risks using LIBOR rather than Hong Kong 
Interbank Offered Rate (HIBOR) and Singapore Interbank Offered Rate (SIBOR). Kanlı 
(2012) studied the BMR in Turkey between January 2007 and July 2012 and determined 
that TRLIBOR is the best indicator reflecting market expectations well in the short run. 
Additionally, Terzioğlu (2013) reviewed the BMR in Turkey between January 2006 and 
May 2012 by applying the cointegration test and concluded that foreign trade deficit and 
the increase in internal debt volume cause the increase in BMR. Akkaya (2018) studied 
the factors influencing TRLIBOR in Turkey between January 2003 and June 2017 using 
Auto-Regressive Distributed Lag (ARDL) bounding test and defined that real effective 
FX and change in consumer prices index significantly affect BMR. Moreover, Kim and 
Shi (2018) worked on BMR in China between 1987 and 2013 using quarterly data and 
probit models. They determined that inflation and money growth were the main factors. 
Regarding TLREF, the only examination performed is by Kartal (2019b) on a conceptual 
base.

Additionally, the nexus between different types of interest rates and determinants 
has great importance in the literature. There are various determinants like budget defi-
cit (Mukhtar and Zakaria 2008), current account balance (Jammazi et al. 2017; Dinçer 
et al. 2019), economic growth (Holston et al. 2017; Obeng and Sakyi 2017; Shaukat et al. 
2019), financial sector development (Egert et al. 2007), foreign trade (Gupta and Goyal 
2015), inflation (Muinhos and Nakane 2006; Ratti and Vespignani 2016), public debt 
(Tumwine et al. 2018), reserves (Gupta and Goyal 2015), and unemployment (Hol 2006; 
Taylor and Wieland 2016; Mitchell and Pearce 2017; Shapiro 2018), etc. However, these 
indicators are not included in this study, considering that these variables are announced 
on a monthly, quarterly, or yearly basis, whereas TLREF is announced daily. Considering 
the availability of data for independent determinants, three global and five country-level 
macroeconomic determinants and the pandemic are selected to analyze TLREF.

In the global determinant group, gold prices, MSCI emerging market index, and the 
volatility index (VIX) are included. Gold prices can affect TLREF in a similar (positive) 
or opposite (negative) direction depending on countries’ nature related to gold activi-
ties. Additionally, as an important volatility indicator, VIX can positively affect emerg-
ing countries up to a point. However, the MSCI emerging market index, which affects 
investment flows to emerging countries like Turkey, may negatively affect TLREF.

CDS spreads, FX, stock market index, amount of securities bought, and amount of 
money issued by Central Bank are considered in the country-level macroeconomics 
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determinants group. CDS spreads have a relationship with interest rates. For example, 
Kartal (2020b) defines a positive relationship between the interest rate (Central Bank 
weighted average cost of the fund) and CDS spreads for Turkey using multivariate adap-
tive regression splines. Additionally, the relationship between CDS spreads, and differ-
ent type of interest rates (e.g., interest rates of global fixed income convertible bonds, 
reinvestment rate, spot rate, Treasury bond interest rates) are researched in some stud-
ies like Alexander and Kaeck (2008), Galil and Soffer (2011), Galil et al. (2014), Hibbert 
and Pavlova (2017) and Yang et al. (2018) and a positive relationship is defined. Consid-
ering these studies, a positive effect of CDS spreads expected on TLREF. Five-years CDS 
USD spreads are selected as determinants as this maturity has the most liquidity (Hasan 
et al. 2016).

FX is related to interest rates. Various studies (Hol 2006; Paramati and Gupta 2013; 
Gupta and Goyal 2015; Maitra 2017; Obeng and Sakyi 2017; Kartal et al. 2018; Gopina-
than and Durai 2019; Kartal 2019b) have researched the effects of FX on the different 
type of interest rates (e.g., credit interest rate) in various countries (Italy, selected coun-
tries (Norway, Sweden, Denmark), Sri Lanka, India, Ghana, Turkey). A positive relation-
ship between FX and interest rates is generally found in these studies. However, FX can 
negatively affect interest rates while the investment preferences of investors are directed 
to FX rather than interest rates. By considering these studies, either positive or a nega-
tive effect of FX can be seen on TLREF. USD/TL FX is selected as a determinant because 
it is popular in Turkey.

Additionally, indicators related to stock markets are used as a determinant for examin-
ing interest rates. Wong et al. (2006) worked on Singapore and the USA for the period 
from January 1982 to December 2012 by using cointegration and causality tests and 
determined that stock prices of Singapore are related to the interest rate in the long run; 
however, a similar relationship is not valid for the USA. Jammazi et al. (2017) used the 
USA sample and determined that stock returns are one of the driving forces of interest 
rates in the USA. Tursoy (2019) studied Turkey and defined that stock prices are nega-
tively correlated with interest rates. Hence, a negative effect of the stock market index is 
expected on TLREF. XU100 index is selected as a determinant as this is the main index 
in Turkey.

Additionally, the money supply is a determinant that should be considered in interest 
rate analysis. In this context, a different type of money supply indicator (emission vol-
ume, M2 volume, total money supply) is examined by researchers (Onanuga and Shittu 
2010; Gupta and Goyal 2015; Kartal 2019b) in countries (Europe, Nigeria, India, Turkey). 
A negative relationship between money supply and interest rates is found generally in 
these studies. A negative effect of the money supply is expected on TLREF. The amount 
of money issued by the Central Bank is selected as a determinant because this is the 
main money supply indicator.

In addition to these four country-level factors, the amount of securities bought by the 
Central Bank can affect the interest rate. Therefore, TLREF is calculated in the repo-
reverse repo market where Treasury bonds are traded. The amount of securities bought 
by the Central Bank increases Treasury bonds bought and sold and restricts the out-
standing volume of Treasury bonds in the market. Therefore, this is considered in the 
analysis as a determinant. Also, the effect of the determinants is expected to be negative.
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Moreover, a black swan case called the COVID-19 pandemic occurred at the end of 
2019 (World Health Organization (WHO) 2021). This unprecedented case has affected 
countries worldwide, economic and financial markets, and indicators (Goodell 2020; 
Rizwan et al. 2020). The pandemic’s presence in the analysis was defined on March 11, 
2020, for the first time in Turkey (Ministry of Health of Turkey (MHT) 2020). Hence, a 
total of nine determinants are selected for analysis in this study.

As BMR are relatively new, they can be observed in new financial studies with new 
functions, which replace LIBOR. By focusing on global and country-level macroeco-
nomic determinants that may influence the interest rate, with the data including the 
entire period since the announcement of BMR, applying machine learning algorithms 
can contribute to the literature.

Data, variables, and methodology
Data sources

The daily data between December 28, 2018, and December 31, 2020, was used in the 
study. Data for TLREF and independent determinants were gathered from BIST (2021b) 
and Bloomberg (2021), the Central Bank of the Republic of Turkey (CBRT 2021), and 
MHT (2020) to analyze the determinants of the TLREF.

Variables

The dependent variable is TLREF. According to the literature review, there is a nexus 
between interest rates and various determinants. Independent variables used in the anal-
ysis are defined from the literature review by considering data availability and grouped 
as global or country-level factors. Table 1 summarizes the variables.

Methodology

Data preprocessing

Daily data are collected from different sources. All data are combined after considering 
missing values in the period.

Table 1 Independent variables

A positive (+) relationship means that TLREF increases when independent variables increase

A negative (−) relationship means that TLREF decreases when independent variables increase

Group Variable Symbol Description Effect

Global Gold prices GOLD Gold prices per ounce (USD) +, −
MSCI emerging market index MSCI_EM MSCI emerging market index −
VIX index VIX Chicago board options exchange volatility 

index
+, −

Country-level 
macroeco-
nomic

CDS spreads CDS 5-years CDS spreads (USD) +
BIST main index XU100 Trading day closing value −
USD/TL FX USDTL USD/TL FX +, −
CBRT securities CBRT_SEC Amount of Securities Bought By CBRT −
Emission amount EMISSION Amount of money issued by CBRT −

Other COVID-19 COVID 1: If the pandemic exists; 0: otherwise +, −
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The model is constructed in five steps, data collection, data aggregation, data analy-
sis, evaluating models, and interpreting results. The flowchart of the methodology is 
detailed in Fig. 3.

First, the data collection step of the methodology consists of obtaining data from dif-
ferent data sources that affect TLREF. The second step is to aggregate the datasets to 
generate one combined dataset. In the third step, descriptive statistics and Least Abso-
lute Shrinkage and Selection Operator (LASSO) Regression output are given. In the 
fourth step, three different machine learning algorithms, which are Random Forest, Sup-
port Vector Machines, and k-Nearest Neighbors, are performed with a cross-validation 
approach. In the final step, results obtained from the models are evaluated.

Model building

In the last decade, researchers have frequently used supervised or unsupervised 
machine learning algorithms to overcome real-life problems in different areas such as 
banking, finance, economics, education, and medicine. In these areas, the frequently 
used algorithms are Random Forest, Support Vector Machines, k-Nearest Neighbors, 
Naïve Bayes, and Neural Networks (Kou et al. 2014). In the literature, many studies 
use machine learning algorithms (and deep learning algorithms) with a cross-valida-
tion approach to predict the factors affecting the dependent variable in the time series 
data (Kou et al. 2019, 2021). Machine learning algorithms with the classical repeated 

Fig. 3 The process of the methodology in the research.  Source: Authors’ construction
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cross-validation approach are used to determine the influencing factors affecting 
TLREF (Parmezan et al. 2019; Shen et al. 2020; Kumar et al. 2021; Zhang et al. 2021).

The Random Forest algorithm, proposed by Breiman in 2001, is based on the bag-
ging learning method. The process of the algorithms is as follows (Schonlau and Zou 
2020):

1. Subsamples with size n are selected randomly  (ntree), indicating the number of trees 
constructed.

2. mtry parameter determines the number of predictors included for each split of the 
node.

3. For each split, the best predictors are selected to prune the tree.
4. The target variable is estimated by aggregating the results of each tree.

The Support Vector Machines approach proposed in 1992 for classification and 
regression problems is older than the Random Forest. The mathematical background 
of this approach is based on minimizing the regression error using the cost function 
(e-intensive loss function). The minimization problem is described as follows (Law 
and Shawe-Taylor 2017):

The first term of the objective function represents the regularization constraint to 
prevent over-fitting and the second term is the ε-insensitive loss function. ξ+i , ξ−i  rep-
resent the slack variables in the optimization problem. In Eq. 1, y, x, and b represent the 
dependent variable, independent variables, and the error term, respectively. The term w 
is the weight parameter of the model.

The k-Nearest Neighbors algorithm, based on the calculation of distance measures, 
is proposed by Bentley in the early 1970s. Although different distance measures can be 
used in this analysis, Euclidean distance, Manhattan Distance, and Minkowski distance 
are frequently used for regression or classification problems. The algorithm steps are as 
follows (Khun and Johnson 2013):

1. Determine the k value, which is the nearest observation to be used in the distance 
calculation.

2. Select suitable distance measure based on the dataset.
3. Predict the target variable according to the selected distance measure.

(1)

objective : min
w,b

1

2
w2

+ C

n
∑

i=1

(

ξ+i + ξ−i

)

subject :

yi − w.xi − b ≤ ε + ξ+i

w.xi + b− yi ≤ ε + ξ−i

ξ+i , ξ−i ≥ 0∀i
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Model testing and cross‑validation

Separation of the dataset into training and testing datasets is the most crucial step of 
machine learning modeling. The training dataset is used to enhance the model, while the 
test dataset is used to test the model results to prevent overfitting or under-fitting prob-
lems. A k-fold with t-repeat cross-validation is used in the machine learning algorithms 
to improve the model accuracy. In this study, k and t are set as 10 and 5, respectively, for 
obtaining a robust model. The steps for this process are as follows (Kucheryavskiy et al. 
2020):

1. Dataset has separated into k equal-sized subsamples.
2. k-1 sub-samples are used as training datasets, and one sample is used as a testing 

dataset.
3. k estimations are used for reaching a single estimation.
4. Steps 1 to 3 are repeated t times to produce more robust results.

Empirical results
Descriptive statistics

Before creating a machine learning model to estimate TLREF, the LASSO regression 
approach, a feature selection analysis, is performed to determine the most important 
factors affecting TLREF. As a result of the LASSO regression process, oil prices are 
excluded from the analysis because the correlation between oil prices and TLREF is not 
statistically significant.

Box and Whisker Plot (which provides the basic characteristics of a variable) of each 
variable is given in Fig. 4.

In Fig. 4, the average, median, and standard deviation (SD) of TLREF is 15.69, 14.58, 
and 6.05, respectively. As VIX, MSCI_EM, and XU100 have several outliers, the Coef-
ficient of Variation (CV) of MSCI_EM is lower than 10%, while the CV value of VIX and 

Fig. 4 The box and whisker plot and descriptive statistics
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CBRT_SEC is higher than 50%. Furthermore, skewness and kurtosis statistics of VIX are 
significantly higher than others.

Furthermore, Brock–Dechert–Scheinkman (BDS) test is performed to check the non-
linearity structure of variables. The results of the BDS test are presented in “Appendix”. 
According to the BDS test results, the null hypothesis is rejected. Hence, the results indi-
cate the non-linearity of the variables.

The performance of the algorithms

R2, Root Mean Square Error (RMSE), and Mean Absolute Error (MAE), the goodness 
of fit criteria, are used to determine the best algorithms that can predict level values of 
the TLREF. The goodness of fit criteria is given in Table 2 for Random Forest, Support 
Vector Machines, and k-Nearest Neighbors algorithms. Additionally, the OLS method is 
performed to compare the results between machine learning algorithms and the tradi-
tional approach.

Based on Table  2,  R2 values of Random Forest and Support Vector Machines algo-
rithms are high. However, the goodness of fit criteria of the k-Nearest Neighbors algo-
rithms is not satisfactory for predicting TLREF. The Random Forest algorithm has the 
highest  R2 and lowest RMSE and MAE values than the other algorithm. Therefore, the 
Random Forest algorithm details are used for interpretation. Although the  R2 value of 
the OLS method is 91.2%, the impact of some factors is not statistically significant. Thus, 
this can be strong evidence that parametric model assumptions are not met in OLS. 
Since multicollinearity and other assumptions should be tested to continue the OLS 
analysis, it is preferred to use machine learning approaches with no strict assumptions 
on the data and distributions.

Analysis results

Variable importance analysis is performed to measure the effects of the independent 
determinants. Variable importance for the Random Forest algorithm is given in Fig. 5.

According to the variable importance analysis, it is determined that amount of securi-
ties bought by CBRT (CBRT_SEC) is the most important factor affecting TLREF, fol-
lowed by the amount of money issued by CBRT (EMISSION), gold prices (GOLD), FX 
(USD/TL FX), main stock market index (XU100), the volatility index (VIX), CDS spreads 
(CDS), and MSCI emerging market index (MSCI_EM). COVID is determined as the fac-
tor that has no significant impact on TLREF.

In addition to variable importance analysis, thresholds crucial to measuring the impact 
of the independent determinants on TLREF are also analyzed. In Fig. 6, thresholds of the 
independent determinants by predicted values of TLREF are given.

Table 2 The goodness of fit criteria of the models

Algorithm R square (%) RMSE MAE

Random forest 99.1 0.610 0.415

Support vector machines 94.5 1.505 1.164

OLS regression 91.2 1.804 1.375

k-nearest neighbors 63.6 3.822 2.684
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Figure 6 shows that VIX should be higher than 30 to reduce TLREF. Similarly, the criti-
cal thresholds for GOLD, CBRT_SEC, and EMISSION are 1.500, 20, and 150, respec-
tively. This means that GOLD must be over 1.500, CBRT_SEC over 20, and EMISSION 
over 150 to keep TLREF low. However, CDS should be under 350 to reduce the TLREF. 
XU100 and USDTL should be between 1.100–1.200 and 6.5–7.5, respectively, to keep 
TLREF at low levels. Also, MSCI_EM should be lower than 950 to reduce the LREF.

CBRT_SEC

EMISSION

GOLD

USDTL

XU100

VIX

CDS

MSCI_EM

COVID

Variable Importance

1

2

3

4

5

6

7

not important

8

Fig. 5 Variable importance analysis of random forest algorithm. 1 shows the most important variable, 
whereas 8 implies the least important variable

Fig. 6 Thresholds of the independent determinants by TLREF
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Interaction effects between independent determinants are analyzed in the analysis. 
Based on the interaction effect of GOLD and USDTL, the optimum scenario is that 
GOLD should be higher than 1.500 while USDTL should be between 6.5 and 7.5 to 
reduce TLREF. Additionally, interaction effects of GOLD and CBRT_SEC, GOLD and 
EMISSION, USDTL and CBRT_SEC, USDTL and EMISSION, and CBRT_SEC and 
EMISSION have a statistically significant impact on TLREF.

The actual and predicted values of the TLREF, predicted with the Random Forest algo-
rithm, are given in Fig. 7.

Model performance of both in-the-sample period and out-of-sample period is meas-
ured in this study. The actual and predicted values of TLREF are quite close to each 
other in both periods. Although the prediction model can predict sudden increases or 
decreases very well in the in-the-sample period, the predicted values of TLREF in the 
out-of-sample period are slightly lower than the actual values after January 31, 2021. In 
comparing actual and predicted values, it is assumed that in a graph where the actual 
values on the horizontal axis and the predicted values on the vertical axis, all data points 
are expected to be on (or close to) a 45° line. In this way, it is possible to visualize how 
close the predicted values are to actual values. In our study, all data points are almost 
placed on the 45° line, which means that model is sufficient for interpretation.

Discussion and policy implications

The empirical results of the Random Forest algorithm can be summarized; the most impor-
tant determinant affecting TLREF is the amount of securities bought by CBRT. Addition-
ally, the emission amount, gold prices, USD/TL FX, XU100 index, the volatility index, CDS 
spreads, and the MSCI emerging market index are other influential determinants.

The analysis results reveal that global and country-level macroeconomic determinants 
influence TLREF. However, the COVID-19 pandemic does not influence TLREF for the 
period examined, contrary to initial expectations.

By considering the analysis results, it is proposed that Turkey should focus on elimi-
nating the negative effects of country-level factors because it cannot lower the negative 

Fig. 7 Actual and predicted values of TLREF
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effects of global factors. In this context, the amount of securities bought by CBRT, coun-
try CDS spreads, USD/TL FX, amount of money issued by CBRT, and XU100 index can 
be better managed in Turkey’s different policies. For example, by decreasing the political 
risks of the country, CDS spreads can be decreased. Hence, foreign investment inflows 
to Turkey can be increased, and USD/TL FX can also be decreased. The USD/TL FX is 
quite significant for Turkey, as many FX-denominated debts affect the country’s credit 
rating notes, CDS spreads, and level of interest rates. Turkey can prevent the negative 
effects of FX on all economic indicators by keeping the USD/TL FX under control and at 
reasonable and fair levels. Additionally, similar effects can be provided with other poli-
cies such as comprehensive free trade agreements, swap agreements between Turkish 
Lira and convertible foreign exchange rates like USD, Euro, etc., decreasing the current 
account and foreign trade deficits.

After achieving success in managing country-level macroeconomic factors, Turkey 
should deal with global factors. In this context, Turkey can decrease the negative effects 
of global factors by eliminating the contagion effect. Specifically, stable FX rates should 
be provided for this aim.

Additionally, the critical thresholds in the effective variables should be considered. For 
example, TL 20 billion is a critical barrier for the number of securities bought by CBRT. 
In contrast, the barriers are 110,000 and 120,000 for the XU100 index, TL 150 billion for 
the amount of money issued by CBRT, and 350 for CDS spreads.

Moreover, the interactions between determinants should be considered in developing 
and applying policies. The analysis shows that there are interactions between gold prices 
and USD/TL FX; gold prices and amount of securities bought by CBRT; gold prices 
and amount of money issued by CBRT; USD/TL FX and amount of securities bought 
by CBRT; USD/TL FX and amount of money issued by CBRT; the number of securities 
bought by CBRT and amount of money issued by CBRT. These interactions reveal that 
a single variable should not be applied to any policy without considering the interaction 
with other determinants.

Besides the policies recommended above, other policies can be developed and applied 
by Turkish regulatory authorities. Possible outcomes of new policy practices on TLREF 
should be foreseen before implementation by considering each determinant’s threshold 
and interaction between determinants. These are several important issues that should be 
considered in policy development and application. Arguably, economic growth can be 
stimulated by developing the borrowing and securities issue capacity of Turkish financial 
institutions based on TLREF via increasing economic activities.

Conclusion
LIBOR is retiring at the end of 2021, and countries should be ready to replace LIBOR 
with benchmark rates. In this context, the development of a national benchmark rate is 
required. As a new and financial innovation product, Turkey developed and announced 
TLREF as a benchmark rate. Financial institutions have used it to provide credits 
and issue bonds and bills based on TLREF. Hence, Turkey has been preparing for the 
replacement of LIBOR with TLREF. The study examines the development of TLREF and 
its main determinants since the beginning of the announcement.



Page 16 of 20Depren et al. Financ Innov            (2021) 7:44 

The results and expected effects of determinants on TLREF are consistent except for 
that of oil prices. The results imply that Turkey should prioritize country-level macro-
economic determinants to have and sustain low-level TLREF because they are fully or 
mostly under the country’s control. In contrast, global factors cannot be controlled by 
Turkey. However, Turkey can decrease the negative effects of global factors on TLREF 
by eliminating the contagion effect of FX rates by making them stable. Additionally, 
some policy proposals are recommended based on the findings. The negative effects of 
the influential determinants on TLREF can be decreased, and economic activities and 
growth can be stimulated by increasing the borrowing and security issue capacity of 
Turkish banks on TLREF.

The main limitation of the study is that it focuses solely on Turkey. Examining mul-
tiple countries that announced the national benchmark rate, like the USA, UK, Euro 
Area, Switzerland, and Japan, could help expand the current literature. Additionally, 
other determinants can be included in a novel analysis; some determinants like eco-
nomic growth, inflation, and unemployment cannot be considered due to the restriction 
on data available in the study. These determinants are announced monthly or quarterly, 
while TLREF is announced daily. When more data is accumulated, monthly or quarterly 
announced determinants could also be used. Moreover, other statistical and economet-
ric methods like copula analysis, multivariate adaptive regression splines, neural net-
works, wavelet coherence approach, etc., can be applied for examining benchmark rates 
in the forthcoming studies.

Appendix
See Table 3.

Table 3 BDS test results

The BDS test’s null hypothesis indicates that data in a time series is independently and identically distributed. The brackets 
show p values

Dimension TLREF VIX GOLD MSCI_EM CDS XU100 USDTL CBRT_SEC EMISSION

2 0.2008
[0.000]

0.1785
[0.000]

0.1956
[0.000]

0.1880
[0.000]

0.1823
[0.000]

0.1845
[0.000]

0.2000
[0.000]

0.2053
[0.000]

0.2031
[0.000]

3 0.3415
[0.000]

0.3036
[0.000]

0.3330
[0.000]

0.3180
[0.000]

0.3079
[0.000]

0.3120
[0.000]

0.33991
[0.000]

0.3471
[0.000]

0.3451
[0.000]

4 0.4397
[0.000]

0.3878
[0.000]

0.4292
[0.000]

0.4072
[0.000]

0.3928
[0.000]

0.3993
[0.000]

0.4375
[0.000]

0.4452
[0.000]

0.4439
[0.000]

5 0.5081
[0.000]

0.4431
[0.000]

0.4958
[0.000]

0.4681
[0.000]

0.4493
[0.000]

0.4584
[0.000]

0.5054
[0.000]

0.5136
[0.000]

0.5124
[0.000]

6 0.5550
[0.000]

0.4787
[0.000]

0.5416
[0.000]

0.5093
[0.000]

0.4854
[0.000]

0.4981
[0.000]

0.5524
[0.000]

0.5612
[0.000]

0.55593
[0.000]

Observations 945 945 945 945 945 945 945 945 945
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