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ABSTRACT

This study examines the time and frequency dependency nexus between foreign
exchange (FX) rates and country risk in Turkey. We considered Turkey because it is a
negative outlier country in terms of the progress of these indicators. Using quarterly
data from 1990/Q1 to 2018/Q4 and the Wavelet Coherence approach, we find that an
increase in the country risk causes an increase in the FX rates at different frequencies,
especially in the medium and long term and different periods. The results highlight
the significance of country risk for the progress of the FX rates. Policy implications are
discussed.
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I. INTRODUCTION

The literature includes a variety of studies on economic and financial indicators
like country risk, current account balance, FX rates, foreign trade, Gross Domestic
Product (GDP) growth, inflation, interest rates, and stock market index. All these
indicators have crucial functions for economies (Orhan et al., 2019).

The FX rates and country risk are two significant indicators affecting nearly all
other economic and financial indicators (for example, Korhonen, 2015; Demir, 2019;
Kartal et al., 2020; Kartal et al., 2021a). Sudden increases and decreases in the FX
rates and country risk cause adverse impacts on the above-mentioned indicators as
well as countries and economies thorough affecting cost, prices, and competition
power of domestic producers (Kartal et al., 2021b). For this reason, sustainability in
the FX rates and country risk is quite significant for the development of countries,
economies, and markets.

Many researchers examine the FX rates from different perspectives in the
current literature. For example, Onanuga and Shittu (2010), Maitra (2017), Obeng
and Sakyi (2017), and Kartal (2020) examine the FX rates from the interest rates
perspectives, while Hajilee and Al Nasser (2014), Korhonen (2015), Jebran and
Igbal (2016), Demir (2019), Kartal et al. (2020), Narayan et al. (2020), Depren et
al. (2021), and Kartal ef al. (2021a) examine the FX rates from stock market index
perspectives, and Sujit and Kumar (2011), Wang and Chueh (2013), and Dinger ef
al. (2018) examines the FX rates from the gold prices. Moreover, the FX rates are
examined in terms of the nexus with Credit Default Swap (CDS) spreads (Fontana
and Scheicher, 2016, Hassan et al., 2017), economic policy uncertainty (Krol,
2014; Beckmann and Czudaj, 2017; Sharif et al., 2020), geopolitical risk (Iyke ef
al., 2022), foreign portfolio inflows (Kartal ef al., 2020), monetary policy indicators
like emission (Depren et al., 2021), oil prices (Kartal, 2021); sovereign credit risk
(Augustin et al., 2020), and volatility (Depren et al., 2021; Devpura et al., 2021;
Kartal et al., 2021a).

Also, the current literature includes various studies concerning country risk
and its sub-components, which are economic risk, financial risk, and political risk
that all constitute the country risk (Political Risk Services (PRS) Group, 2021a).
For instance, Bordo et al. (2009) explore the nexus between country risk and FX
rates. Rodriguez (2016) examines the nexus between political risk and exchange
rate regimes. Bahmani-Oskooee ef al. (2019) examine the nexus between political
risk and real FX rates. Iyke et al. (2022) examine the impact of geopolitical risk on
FX rates. Gokmenoglu et al. (2019) examine the nexus between economic risk and
foreign direct investment. Kirikkaleli and Oziin (2019) examine the nexus between
political risk and sovereign credit risk. Kirikkaleli (2020a) examines the effect of
economic, financial, and political risk on the stock market in Taiwan. Kirikkaleli
and Gokmenoglu (2020) examine the nexus between political risk and sovereign
credit risk. Athari et al. (2021) examine the nexus between economic risk and
sovereign credit ratings.

In addition to these studies, there are also some other studies that examine the
nexus between risk sub-components. For example, Kirikkaleli (2016) examines the
nexus between political, financial, and economic risks. Ertugrul et al. (2019) focus
on the nexus between political, financial, and economic risks. Kirikkaleli (2019)
examines the nexus between economic risk and financial risk. Kirikkaleli (2020b)
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reviews the significance of political risk for economic and financial risk. Shuaibu
and Kirikkaleli (2020) investigate the nexus between economic risk and political
risk. Kirikkaleli (2021) reviews the nexus between economic risk and financial
risk. Moreover, Kondoz et al. (2021) research the nexus between economic risk and
financial risk.

On the other hand, when the current literature is examined by considering the
FX rates and country risk at the same time, it can be stated that the literature is
not much rich although the number of studies has been increasing. For example,
Saeed ef al. (2012) consider the effect of political instability on the FX rates for
Pakistan. Bouraoui and Hammami (2017) consider the role of political instability
on the FX rates. Liu ef al. (2020) examine the nexus between country risk and
exchange rate regimes. Moreover, there are some studies, like Demir (2009), Topak
and Muzir (2011), Kartal (2020), Miinyas (2020), and Yildirim (2020), that examine
the nexus between the FX rates and country risk, including CDS spreads, country
risk premium, and sub-components of the country risk for countries including
Turkey. Hence, it is possible to state that the nexus between the country risk and
FX rates have not been comprehensively examined for the case of Turkey.

The current study focuses mainly on the nexus between FX rates and country
risk and, hence, addresses the research gap by considering that the nexus changes
at different times and frequencies. Our analysis considers Turkey becuase it is a
negative outlier country in terms of the progress of these indicators, as it can be
seen from Figure A.1 (See Appendix). To summarize, the United States Dollar/
Turkish Lira (USD/TRY, hereafter) FX rates increased in some years like 2000, 2002,
and 2018, while the country risk also increased around these years. Therefore,
analyzing the time and frequency dependency of the FX rates and country risk
can provide contributions to the literature. Also, such an examination can enable
policymakers to develop and implement new policies to prevent the negative
effects of these indicators on each other.

By considering the studies in the current literature, our hypothesis is that
there is a positive nexus between the FX rates and country risk. Moreover, we ask
whether country risk causes FX rates. To test the hypothesis, we used quarterly
data from 1990/Q1 to 2018/QQ4 on country risk index and USD/TRY rates, and the
Wavelet Coherence (WC) approach. We used the USD because it is highly used in
developed and emerging countries (Khan et al., 2019; Atmaca and Karadas, 2020).
The results show that an increase in country risk leads to an increase in the USD/
TRY rates, especially in the medium and long term, and in different periods. The
results show that country risk is a significant predictor of Turkey’s USD/TRY FX
rates.

The study has two major contributions. First, it is the first to examine the time
and frequency dependency between the FX rates and country risk in Turkey.
Second, it applies the WC approach for the first time to examine the nexus between
the FX rates and country risk for Turkey. Moreover, policy implications are
constructed based on the outcomes gathered from the WC approach. This study
consists of a total of four sections. After the introduction section that includes the
literature review, Section II introduces the data and methodology. This section
presents both the theoretical background of the country risk, the methodology,
some major events regarding sub-components of the country risk in Turkey, and
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empirical methodology. Section III presents the empirical results, discussion, and
policy implications. Section IV presents the conclusion.

II. DATA AND METHODOLOGY

A. Data

The data on the country risk of Turkey is gathered from the PRS Group (2021b),
while the data on the USD/TRY FX rates are gathered from the Central Bank of the
Republic of Turkey (CBRT, 2021). We use quarterly data because the country risk
is calculated quarterly. Table 1 presents a description of the variables used in the
empirical analysis.

Table 1.
Description of Variables

This table presents the details about the data sources of the variables. In this table, the variables column presents
the variables that are considered; the symbols column presents the symbols used to represent the variables; the
descriptions column presents the long definition of the variables, and the source column presents the data sources
from which data for the variables are obtained.

Variables Symbols Descriptions Source
Country Risk CR Country Risk Index PRS Group (2021b)
Foreign Exchange Rate USD/TRY USD/TRY FX Rates CBRT (2021)

B. Country Risk Methodology

Although it is possible to examine the nexus between the risk variables (i.e.,
economic, financial, and political risks) and the FX rates and vice versa, another
option is to combine these risks into a composite index (PRS Group, 2021a). The PRS
Group (2021a) calculates a country risk index that combines economic, financial,
and political risks for countries by taking each component into account. Table 2
shows a summary of the sub-components that are considered in the country risk.

Table 2.
Country Risk Components

This table presents the main risk groups included in the country risk calculation. In the PRS Group approach, there
are 3 main components as economic risk, financial risk, and political risk. This table also presents a summary of the
sub-components of these three components.

Economic Risk
Annual Inflation Rate GDP per Head
Budget Balance as a Percentage of GDP

Current Account as a Percentage of GDP
Real GDP growth
Financial Risk

Current Account as a Percentage of Exports of Goods and Services
Exchange Rate Stability

Foreign Debt as a Percentage of GDP

Foreign Debt Service as a Percentage of Exports of Goods and Services
Net International Liquidity by Months of Import Cover
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Table 2.
Country Risk Components (Continued)
Political Risk
Bureaucracy Quality
Corruption
Government Stability

Democratic Accountability
Ethnic Tensions
Investment Profile
Internal/External Conflict
Law and Order
Military in Politics
Religious Tensions
Socioeconomic Conditions
Source: PRS Group, 2021a.

Hence, the country risk index includes economic, financial, political risks and
hence it is more appealing to relate it to the FX rates, rather than doing so for its
components and the FX rates. In the country risk, political risk has 50% weight,
while each of economic and financial risk has a 25% weight. The country risk is
classified as very high (0-50), high (50-60), moderate (60-70), low (70-80), and very
low (80-over) (PRS Group, 2021a). The risk level is low when the score is high, and
the risk level is high when the score is low. As can be seen from Table 1, the country
risk of Turkey has increased significantly in times of crisis (for e.g., in 2000, 2001,
and 2018). In this context, Table 3 summarizes some events that occurred in Turkey
over the period between 1990 and 2018.

Table 3.
Some Economic, Financial, and Political Events in Turkey (1990-2018)

This table presents some economic, financial, and political events. In this table, the column of major events presents
the events, the column of components presents the sub-heading of the risk types, and the column of the risk types
Ppresents main risk groups based on the PRS Group’s classification.

Year Major Events Components Risk Types
1994 Public deficit crisis Budget balance Economic
1994 Depreciation of TRY Exchange rate stability Financial
1997 Military memorandum Internal conflict Political
1999 Natural disaster (earthquake) GDP per head Economic
2000 Banking crisis Real GDP growth Economic
2000 Depreciation of TRY Exchange rate stability Financial
2001 Banking crisis GDP per head Economic
2001 Depreciation of TRY Exchange rate stability Financial
2002 General election Democratic accountability Political
2007 E-memorandum Democratic accountability Political
2007 General election Democratic accountability Political
2007 Presidential election Democratic accountability Political

2008 Global crisis Real GDP growth Economic
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Table 3.
Some Economic, Financial, and Political Events in Turkey (1990-2018) (Continued)
Year Major Events Components Risk Types
2010 Constitutional referendum Democratic accountability Political
2011 High current account deficit Current account (% of GDP) Economic
2013 Civil war Internal conflict Political
2013 Corruption investigations Bureaucracy quality Political
2014 Presidential election Democratic accountability Political
2015 Terrorism Internal conflict Political
2016 Military coup attempt Internal conflict Political
2017 Constitutional referendum Democratic accountability Political
2018 Currency crisis Exchange Rate Stability Financial
2018 High FX rates & debt Foreign debt (% of GDP) Financial
2018 Presidential election Democratic accountability Political
2018 High consumer price index Annual inflation rate Economic

Source: Authors’ collection through the internet.

As it can be seen from the Table 3, there are various economic, financial, and
political events that affected the country risk of Turkey. Hence, it can be beneficial
to research the nexus between the country risks and the FX rates in Turkey.

C. Empirical Methodology

Using a novel technique, this study contributes to the literature by investigating
the linkage between the FX rates and country risk. This study detects a time and
frequency dependence between the variables. For this purpose, the study employs
the WC approach that includes phase differences developed by Goupillaud et al.
(1984) and Torrence and Compo (1998). The spectral nature of the time series is
revealed by the wavelet analysis, especially in a manner such that several periodic
features of the time series change over time. The wavelet transformation tool
permits the decomposition of the time series into different frequencies. This study
employs the Morlet wavelet function because it offers an adequate balance between
time and frequency, which are the major components of any wavelet analysis. The
Morlet wavelet function has the following form (Kartal et al., 2021b):

1 1
@(t)n de~@te 2t 1)

where i is V=1, and e depicts the non-dimensional frequency. Adebayo and
Kirikkaleli (2021) argue that the use of continuous wavelet transformation is good
for extracting the time-series features. Furthermore, Orhan et al. (2021) conclude
that the Continuous Wavelet Transform (CWT) helps the cross-wavelet analysis to
discover the time and frequency interaction between two-time series. The CWT for
a discrete-time series is defined as:
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where m=0,1,2,--,N-1 and the indicator |W *(s)I*> depicts the wavelet power
spectrum, which reveals the variance of the time series. A cone of impact shows the
effects of the observations. The process of generating data is the null hypothesis,
in which the stationary process has a power spectrum background. The power
spectrum is formed as follows:

WX (s)|? 1
D | n(2)| <p) = Lpxz, )
62 2

where Fourier frequency is depicted by the scale of the mean spectrum (P). The
parameter O represents the variance, and X? illustrates the two series. In addition,
p is less than P, when 1 is real wavelets and 2 is the complex wavelets for v. The
co-movement of the two-time series (p,q) is investigated using the WC as:

|S (s‘“‘Wnpq(s))|2
s (s w)R) s (s wape)

R,(s) =

(4)

where S depicts the smoothing operator for time and scale. The phase difference
(¢,,) of series (p,q) is investigated in the WC as:

L Wnpq
Ppq=tan™" (ﬁ) ®)

And ¢ €[-m,m1]. Where the imaginary and real component operators are
denoted by O and L, respectively; and p leads g, when ¢pq€ [O ] but g leads p,
when ¢4 € [ > 0] correspondingly. Alternatively, the anti- phase difference also
occurs for the series, whereby p leads g, when ¢,,,€ [ M, — —] but g leads p, when
$pq€ [ > T[] correspondingly.

The wavelet analysis has some advantages over the Fourier method as it
combines information from both simultaneously time and frequency domains. To
the best of our knowledge, no study has previously used the wavelet coherence
approach to obtain information on the dynamic correlation and/or causality
between country risk and FX rates at different frequencies and different time
periods in Turkey. Therefore, this allows us to capture the long- and short-run
causal links between FX rates and country risk. As argued by Adebayo and
Akinsola (2021), if time series exhibit structural breaks, researchers risk producing
inaccurate findings when using traditional causality tests. Using the wavelet
coherence approach ensures accurate findings if times series exhibit structural
breaks.
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III. EMPIRICAL RESULTS

A. Descriptive Statistics

Our quarterly data has 116 observations and runsfrom 1990/Q1 to 2018/Q4. Table
4 presents the descriptive statistics of the variables.

Table 4.
Descriptive Statistics

This table presents descriptive statistics of the variables that are used in the study. The figures contain descriptive
statistics of the raw variables that are for Turkey for the period between 1990/Q1 to 2018/Q4. All figures are in points.

Country Risk USD/TRY

Mean 58.63014 1.299952
Median 60.68150 1.357500
Maximum 68.50000 5.836067
Minimum 40.25133 0.002400
Standard Deviation 6.335245 1.191812
Skewness -1.062220 1.160860
Kurtosis 3.721887 4.785178
Jarque-Bera 24.33278 41.45668
Probability 0.000005 0.000000
Observations 116 116
Units Points Points

As Table 4 shows, the country risk has the highest mean value (58.63), ranging
from 40.25 to 68.5, and the USD/TRYrate has a mean value of 1.299 that ranges
from 0.002 to 5.84. Moreover, standard deviation values indicate that the USD/TRY
is less volatile as compared to the country risk —the standard deviation of country
risk is five times higher than that of USD/TRY. The Jarque-Bera probability values
show country risk and USD/TRY are not normally distributed.

B. Wavelet Power Spectrum

Figure 1 depicts the wavelet power spectrum of the country risk of Turkey from
1990/Q1 to 2018/Q4. There is strong volatility at frequencies at the period of scale
0-32 in between 1990 and 1997 for the country risk. The probable reasons for this
volatility may be attributed to the public deficit crisis in 1994 and the military
memorandum in 1997. Furthermore, there is proof of significant volatility at high
frequency at the scale of 0-8 between 1998 and 2003. There are a series of events
that can be attributed to this volatility, such as natural disaster (earthquake) in
1999, the banking crisis in 2000 and 2001, the FX rate crisis in 2001, and the general
election in 2001.
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Figure 1.
Power Spectrum for Country Risk

The horizontal axis shows times in quarterly period, whereas the vertical axis shows the frequency. The black cone
shows the influence area. The lighter colors show a higher degree of dependence between the variables. 0-8 scale
shows short term, 8-16 scale shows medium-term, and 16-32 scale shows long-term. 1/16-1/2 shows low-frequency,
1/2-4 shows medium-frequency, 4-16 shows high-frequency. Right arrows show a positive correlation, while left
arrows show a negative correlation between variables. Right-down and left-up arrows show that the first variable
causes the second variable. Also, right-up and left-down arrows show that the second variable causes the first variable.
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Figure 2.
Power Spectrum for USD/TRY

The horizontal axis shows times in quarterly period whereas the vertical axis shows the frequency. The black cone
shows the influence area. The lighter colors show a higher degree of dependence between the variables. 0-8 scale
shows short term, 8-16 scale shows medium-term, and 16-32 scale shows long-term. 1/32-1/4 shows low-frequency,
1/4-0.4 shows medium-frequency, 4-32 shows high-frequency. Right arrows show a positive correlation, while left
arrows show a negative correlation between variables. Right-down and left-up arrows show that the first variable
causes the second variable. Also, right-up and left-down arrows show that the second variable causes the first variable.
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Figure 2 depicts the wavelet power spectrum of the USD/TRY from 1990/Q1 to
2018/Q4. There is proof of USD/TRY volatility at high frequency of a scale 0-4 during
the period in between 1993 and 1994 . The most probable cause of this volatility
is the currency and public deficit crisis in 1994, which resulted in a 6% drop in
output, triple-digit inflation (almost 125%), loss of half of the CBRT's reserves, and
nearly 50% increase in the USD/TRY. Furthermore, there is proof of volatility at a
scale of 0-8 between 2000 and 2003. The probable reason for this volatility can be
attributed to the depreciation of TRY in 2000 and 2001, respectively.

C. The WC Approach

The correlation and causality nexus between the USD/TRY and country risk are
simultaneously captured at different frequencies (i.e. low, medium, and high),
using the WC approach. Figure 3 portrays the results of the WC between the USD/
TRY and country risk.
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Figure 3.
The WC between USD/TRY and Country Risk

The horizontal axis shows times in the quarterly period whereas the vertical axis shows the frequency. The black
cone shows the influence area. The lighter colors show a higher degree of dependence between the variables. 0-8
scale shows short term, 8-16 scale shows medium-term, and 16-32 scale shows long-term. 0-0.4 shows low-frequency,
0.4-0.6 shows medium-frequency, 0.6-1.0 shows high-frequency. Right arrows show a positive correlation, while left
arrows show a negative correlation between variables. Right-down and left-up arrows show that the first variable
causes the second variable. Also, right-up and left-down arrows show that the second variable causes the first variable.
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As Figure 3 shows, the majority of the arrows are rightward and down at the
period of scale 4-16, and medium frequency, which suggests a positive connection
between the USD/TRY and country risk between 2000 and 2018. This shows that
the country risk leads the USD/TRY for these periods. Hence, an increase in the
country risk also causes an adverse development in the USD/TRY in Turkey.

IV. DISCUSSION AND POLICY IMPLICATIONS

The WC approach results show that there is a time and frequency dependency
between the country risk and USD/TRY in Turkey. Hence, the outcomes of the WC
approach highlight the importance of the country risk for the progress of the FX
rates (i.e., USD in this study) in Turkey. By considering the empirical results that are
obtained from the WC approach, Turkey should always focus on keeping country
risk at minimum levels to avoid an increase in the FX rates. The results gathered
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from the WC approach are consistent with the current literature (for example,
Bordo et al., 2009; Bahmani-Oskooee ef al., 2019; Kartal, 2020; Kartal et al., 2021),
which establishes a positive connection between the FX rates and country risk.

When considering the sub-components of the country risk (i.e., economic,
financial, and political risks) and events that occurred in Turkey for the period
examined, itis obvious that some of them cannot be managed by Turkey. However,
Turkey can deal with most of these by firstly focusing on domestic issues. Later,
Turkey can deal with other issues that are not fully or partially controlled by itself.
Some policy proposals can be recommended based on our results.

Concerning the political risk, Turkey was faced with some military coup
attempts, terrorist attacks, and elections that are held in short periods. Hence,
Turkey can prevent military coup attempts by increasing structural reforms and
preventing terrorist attacks by using central intelligence capacity more efficiently.
Moreover, making elections on time is also beneficial. Hence, Turkey can decrease
the political risk and prevent the negative effects of political issues on the country
risk.

Concerning the financial risk, itis known that Turkey has high FX-denominated
debts and high FX rates. Negative progress in these two figures supports each
other. For this reason, Turkey should try to decrease FX-denominated debts by
making some regulatory legislation so that FX-denominated borrowing and
lending activities should not be more attractive than TRY-denominated activities.
Moreover, Turkey should re-arrange the financial infrastructure and markets to
prevent the depreciation of TRY. Turkey can decrease the financial risk by limiting
the dollarization effect.

Concerning the economic risk, Turkey has been faced with inflation, public
deficit, and current account problems that sometimes result in crisis. Therefore,
Turkey should focus on decreasing the negative issues in these areas so that the
economic risk of Turkey can be decreased to prevent in turn any crisis. By taking
actions to minimize the economic, financial, and political risks, Turkey can prevent
a sharp deterioration of its currency.

As a summary, there are various issues that Turkey can address to minimize
the negative effects of the country risk on the FX rates. Turkey can focus on factors
that are mostly or partially under its control. Later, other less controllable issues
can be dealt with.

Considering the importance of the country risk for the FX rates, we highly
recommend that Turkey should position the following up and management of
the country risk at the macro-prudential level, encouraging the participation of
a large body of economic authorities like CBRT and the Ministry of Finance. This
will ensure better country risk management. Lastly, decision-makers of Turkey
can develop better policies by benefiting from the high-frequency data that are not
available to researchers as well as the public.

V. CONCLUSION

This study investigates time and frequency dependency of the FX rates and country
risk in Turkey. To our knowledge, these time and frequency dependency between
the indicators has not been comprehensively examined for Turkey. We consider
the USD/TRY exchange rate (because it is the most used FX rate in Turkey) and
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country risk from 1990/Q1 to 2018/Q4, and use the WC approach. We find that
changes in the country risk lead to changes in the FX rate in Turkey at different
frequencies and different periods. This highlights the importance of country risk
as a predictor of the FX rates in Turkey.

The results suggest that an increase in the country risk also causes an increase
in the FX rates in Turkey. Hence, the country risk should be controlled to minimize
its negative impact on the Turkish economy. This can be achieved by positioning
the country’s management of country risk at the macro-prudential level, ensuring
a close monitoring of the nexus between country risk and FX rates. Naturally, by
considering the importance and effect of the country risk on the FX rates, decision-
makers in Turkey can develop better policies to minimize country risk induced FX
rate volatility by exploiting high-frequency data that are not publicly available.

The study also has some limitations. We mainly focus on Turkey because it is
one of the emerging countries that has high country risk. Some of the emerging
countries with high country risk close to Turkey, like Brazil, Russia, Mexico, Italy,
and Greece, should be considered in future studies. Also, other major currencies
like Euro and Sterling can be investigated in terms of their nexus with country
risks. Alternative proxies of country risk, like CDS spread or sub-components of
the country risk, can be considered in future studies. Moreover, new and different
methods, like machine learning algorithms and the quantile-on-quantile regression
approach, can be used in future studies to establish the relation between country
risk and exchange rates to obtain new insights.
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APPENDIX

Figure A.1.
Progress of the USD/TRY FX Rates and Turkey’s Country Risk
This figure shows the progress of the USD/TRY FX rates and country risk of Turkey. The country risk is presented in

left axis, while USD/TRY FX rates are presented in right axis. Also, an increase in the USD/TRY FX rates represent an
adverse progress, whereas a high level rating in country risk indicate low risk and a low level rating implies high risk.
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