p ANADOLU Cilt: 25, Sayr: 3, Yil: 2025

UNIVERSITESI e-ISSN: 2667-8683

L I |
Anadolu Universitesi Sosyal Bilimler Dergisi
Anadolu University Journal of Social Sciences

Nonlinear Relationships Between Inflation, Interest, and Exchange Rates in
Turkiye: A Fourier-Based Approach

Cemal OZTURK'

Bagvuru Tarihi/Submitted: 22.11.2024 Kabul Tarihi/Accepted: 18.04.2025
Makale Tiirii/Article Type: Arastirma Makalesi/Research Article

Abstract

This study examines the long-term relationships among Tiirkiye's inflation, interest, and exchange rates, using
Fourier-based econometric techniques to account for structural breaks and non-linear trends. Traditional methods
often fail to capture the complexities of emerging market economies with high volatility, such as Tiirkiye, where
external shocks and structural shifts play a significant role. We apply the Fourier Augmented Dickey-Fuller and
Johansen-Fourier cointegration tests to address these dynamics, enabling a nuanced analysis of Tiirkiye’s economic
variables. Our findings reveal a strong, positive long-term relationship between exchange rates and inflation,
highlighting the critical impact of currency fluctuations on domestic price levels. In contrast, interest rates show a
weaker direct influence on inflation, suggesting that while monetary policy adjustments are necessary, they may be
insufficient to control inflation in Tiirkiye. Cointegration regression analyses using FMOLS, DOLS, and CCR
methods further support these relationships, indicating the need for exchange rate stabilization policies to mitigate
inflationary pressures. This study contributes to the literature by applying Fourier-based methods, which provide a
more flexible and accurate model for understanding Tiirkiye’s economic structure. The results offer valuable insights
for policymakers in Tiirkiye and other emerging markets where external dependencies amplify inflation risks,
underscoring the importance of integrated policy approaches for achieving long-term economic stability.
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Turkiye'de Enflasyon, Faiz ve Doviz Kurlari Arasindaki Dogrusal Olmayan
iliskiler: Fourier Tabanh Bir Yaklasim

Oz

Bu ¢alisma, Tiirkiye'nin enflasyon, faiz orani ve doviz kuru arasindaki uzun vadeli iliskilerini, yapisal kirilmalari
ve dogrusal olmayan egilimleri dikkate alan Fourier tabanli ekonometrik teknikler kullanarak incelemektedir.
Geleneksel yontemler, Tiirkiye gibi yiiksek volatiliteye sahip gelismekte olan ekonomilerin karmagikligini
yakalamakta yetersiz kalmaktadir; bu ekonomilerde dis soklar ve yapisal degisiklikler onemli bir rol oynamaktadir.
Calismada, bu dinamikleri ele almak icin Fourier Augmented Dickey-Fuller ve Fourier-Johansen esbiitiinlesme
testleri uygulanmistir ve Tiirkiye'nin ekonomik degiskenlerinin daha ayrintili bir sekilde analizi saglanmstir.
Bulgularimiz, doviz kuru ile enflasyon arasinda giiglii ve pozitif bir uzun vadeli iliski oldugunu gostermekte ve doviz
kuru dalgalanmalarimin yurtici fiyat seviyeleri iizerindeki kritik etkisini vurgulamaktadir. Buna karsin, faiz
oranlarimin enflasyon iizerindeki dogrudan etkisi daha zayif kalmakta, bu da para politikas: ayarlamalarinin
gerekli olmakla birlikte enflasyonu kontrol etmekte tek basina yeterli olmayabilecegini gostermektedir. FMOLS,
DOLS ve CCR yontemleri kullamilarak yapilan esbiitiinlesme regresyon analizleri, bu iliskileri desteklemekte ve
enflasyonist baskilar: azaltmak icin doviz kuru istikrarina yonelik politikalarin onemini ortaya koymaktadir. Bu
¢alisma, Tiirkiye'nin ekonomik yapisini daha esnek ve dogru bir sekilde anlamay: saglayan Fourier tabanl
yontemlerin uygulanmasi yoluyla literatiire katki sunmakta ve dis bagimlhiliklarin enflasyon risklerini artirdig diger
gelismekte olan iilkeler icin de degerli politika i¢goriileri saglamaktadir.

Anahtar Kelimeler: Enflasyon, faiz oram, doviz kuru, yapisal kirilmalar, Fourier analizi, esbiitiinlesme, dogrusal
olmayan dinamikler, Tiirkiye ekonomisi.
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Introduction

In recent decades, Tiirkiye’s economy has faced significant macroeconomic challenges characterized by high
inflation, volatile interest rates, and frequent exchange rate fluctuations. These economic issues are closely
interlinked, with exchange rate movements impacting inflation through import prices, while interest rates serve
as a tool for monetary authorities to manage inflationary pressures. Understanding the relationships among these
key macroeconomic variables is essential, particularly in economies like Tiirkiye that are vulnerable to external
shocks and domestic policy shifts (Kara & Ogiing, 2008; Catik & Karaalp, 2010; Ozdogan, 2022).

In emerging markets, the interconnectedness of inflation, interest, and exchange rates is often amplified by
structural changes, policy interventions, and global economic cycles. Tiirkiye’s dependence on imported
intermediate goods and energy makes the exchange rate a particularly powerful transmission channel for
inflationary dynamics. Several studies have documented that the exchange rate pass-through (ERPT) is notably
high in Tirkiye, particularly during episodes of currency depreciation and rising import costs (Sezgin, 2024; Bari,
2020). These effects have been further reinforced in recent years, where increased exchange rate volatility has
significantly accelerated consumer price inflation (Ozdogan, 2022). Although this study does not include an
explicit import variable, this well-documented pass-through mechanism provides a robust theoretical and
empirical basis for analyzing how exchange rate fluctuations influence inflation in import-dependent economies
like Tiirkiye.

In economic literature, the relationships among inflation, interest rates, and exchange rate changes are explained
through various theoretical frameworks. These dynamics are particularly important in open economies, where
fluctuations in exchange rates and interest rates can significantly impact inflation. Numerous studies have
documented the relationship between inflation, interest rates, and exchange rate movements. For instance,
Mishkin (1992) established that high inflation expectations often lead to elevated nominal interest rates, while
Fama (1981) found that changes in exchange rates can directly affect inflation through import prices (Mishkin,
1992; Fama, 1981). Taylor (1995) also emphasized that exchange rates are integral to monetary policy settings,
influencing inflation and interest rate decisions (Taylor, 1995).

In this study, we aim to derive a model that explains the domestic inflation rate as a function of the domestic
interest rate and the rate of exchange rate changes. The primary theoretical assumptions underpinning our model
are Interest Rate Parity (IRP), Purchasing Power Parity (PPP), the Fisher Hypothesis, and the Rational
Expectations Hypothesis. Within this framework, we systematically investigate how fluctuations influence
domestic inflation in exchange rates and interest rates.

Interest Rate Parity (IRP) posits that the expected rate of change in nominal exchange rates, denoted as ¢, is equal
to the difference between the domestic and foreign interest rates, formally expressed as:

ét = it - l;,
where i, and i; represent domestic and foreign interest rates, respectively. IRP assumes that arbitrage will ensure

no differential in returns between domestic and foreign assets in the presence of risk-neutral investors
(Dornbusch, 1976).

Purchasing Power Parity (PPP) complements IRP by linking exchange rates to inflation differentials, such that:
e = My — Ty,

where 7, and 7} are the domestic and foreign inflation rates, respectively. PPP suggests that currency values
adjust to equate price levels across countries, especially in the long term (Cassel, 1918).
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The Fisher Hypothesis further supports the model by connecting nominal interest rates to expected inflation,
positing that the nominal interest rate i, is composed of the real interest rate r, and expected inflation m,
expressed as:

iy =10+ pme
where § = 1 represents a full pass-through of inflation expectations to interest rates (Fisher, 1930).

Finally, the Rational Expectations Hypothesis introduces the assumption that the expected change in nominal
exchange rates €, reflects all available information, including the observed exchange rate e, and a random error
term &, with E(¢;) = 0:

ét = et+€t.

Using these theoretical foundations, we can derive a model that expresses the domestic inflation rate in terms of
the domestic interest rate and the rate of the exchange rate change. First, using PPP, we know that e, = m;, — 1}.
Substituting this into the IRP equation, we express the exchange rate change rate in terms of interest rates and
inflation rates:

€ =iy —if = (my — ) + &.

Assuming constant values for the foreign interest rate (i;), foreign inflation rate (7;), and real interest rate (),
adding the Fisher Hypothesis allows us to relate the nominal interest rate i, to the inflation rate. Consequently,
we arrive at the following final model, which represents domestic inflation as a function of interest rate and
exchange rate change:

Ty = Qo + a’lit + a,e; + U,

where @, = 1, — m;, represents the constant term, @, and @, are coefficients to be estimated, capturing the effect
of interest rates and exchange rates on inflation, and u; is an error term accounting for unobserved factors. This
specification provides a structured framework to empirically investigate the relationship between inflation,
interest rates, and exchange rate dynamics, facilitating an analysis of inflationary behavior in response to
monetary and exchange rate policies.

Despite the widely documented interrelationships among these macroeconomic variables, much of the existing
literature relies on traditional econometric methods that assume stable and linear relationships over time. These
methods may prove to be inadequate for the economy of Tiirkiye, where instances of structural change and
nonlinear paths are evident. Standard unit root and cointegration tests often cannot capture these irregular
patterns sufficiently, limiting their ability to fully capture dynamically the inter-relationships obtained among
inflation, interest rates, and exchange rates in emerging markets.

This study addresses the existing gap by employing advanced econometric techniques, specifically the Fourier
Augmented Dickey-Fuller (Fourier ADF) and Johansen-Fourier cointegration tests. These methods integrate
Fourier components to account for both abrupt structural breaks and gradual trends, enabling a more
comprehensive analysis of long-term equilibrium relationships in nonlinear dynamics. By capturing both sudden
shifts and smooth transitions, this approach offers a more flexible and accurate framework for examining the
interdependencies among Tiirkiye’s macroeconomic indicators.
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Literature Review

The relationship between inflation, interest rates, and exchange rates has been extensively studied, especially in
emerging markets where these variables are more volatile and responsive to external shocks. Cabral et al. (2016)
explore how inflation targeting influences exchange rate volatility in 24 emerging market economies, showing
that while it stabilizes inflation, it also impacts exchange rate volatility, especially in response to crises. The study
highlights the importance of tailored monetary policies to balance inflation control with currency stability in
emerging markets.

The complex dynamics between exchange rates and interest rates are further examined by Capasso et al. (2019)
in the Mexican economy, using a nonlinear autoregressive distributed lags (NARDL) model. They find a
significant asymmetric long-term relationship between real interest rates and real exchange rates, suggesting that
central banks in emerging markets often respond differently to exchange rate changes based on economic
conditions.

Nazlioglu et al. (2018) analyze how oil prices impact inflation and monetary policy across major emerging
economies, including T1irkiye. Using a Toda- Yamamoto causality framework, they highlight how structural shifts
in oil prices influence the interrelationship between interest rates and inflation, stressing the importance of energy
prices in inflation management.

Asab et al. (2018) examine whether inflation targeting or fixed exchange rate regimes better support price stability
in emerging markets. Using GARCH models, they conclude that while fixed exchange rates stabilize inflation,
inflation-targeting regimes reduce inflation inertia and persistence, indicating that inflation-targeting regimes
are more effective in emerging markets.

Ibrahim and Sukmana (2023) investigate Indonesia’s exchange rate and monetary policy post-2009. Using VAR
models, they reveal that monetary policy tightening results in a temporary appreciation of the rupiah, but
exchange rates remain sensitive to external economic factors (Ibrahim and Sukmana, 2023).

Recent studies in the Turkish context have provided insights into how inflation, interest rates, and exchange rates
interrelate. Sahin and Dereli (2019) analyzed these dynamics post-1980, highlighting how changes in Turkish
monetary policy, especially after the 2008 global crisis, influenced the interplay among these macroeconomic
factors. They observed a strengthened relationship between inflation and exchange rates following policy
adjustments.

Sen et al. (2020) investigated these relationships in five emerging market economies, including Tiirkiye, Brazil,
and South Africa. They identified long-term co-movement among inflation, interest, and exchange rates. They
found that currency depreciation contributes to inflationary pressures across these economies, demonstrating the
close interdependence of these macroeconomic indicators in emerging markets. Similarly, Kara and Dede (2023)
emphasize the impact of exchange rate volatility on inflation in Tiirkiye, finding that exchange rate movements
significantly contribute to inflation. Supporting these findings, recent empirical studies such as Sezgin (2024) and
Bari (2020) confirm that Tiirkiye’s strong import dependency amplifies the pass-through effect of exchange rates
on domestic prices. Ozdogan (2022) further shows that this pass-through has increased in recent years,
correlating with heightened currency volatility.

A growing number of Turkey-based studies examine the causality and cointegration among these variables using
various econometric techniques. Konak and Pege (2023) find bidirectional causality between exchange rates and
inflation in the short term and unidirectional causality from inflation to exchange rate in the long term. Sanl
(2022) confirms that a 1% increase in the exchange rate leads to a 0.7% increase in wholesale prices, with
significant long-run cointegration. Kii¢iikk and Dereli (2021) report short-run causality from exchange rates to
interest rates and mutual causality based on VEC models.
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Other notable studies such as Baktemur (2021), Yildirim and Sar1 (2020), iscan and Durgun Kaygisiz (2019),
Yenice and Yenisu (2019), Akgiil and Ozdemir (2018), Karahan and Colak (2017), and Dogan et al. (2016) further
explore these interrelationships using nonlinear causality tests, ARDL, NARDL, and cointegration frameworks.
Collectively, these works confirm that the transmission mechanisms between interest rates, exchange rates, and
inflation are complex, regime-sensitive, and time-varying in the Turkish economy.

Although a growing number of studies examine the relationships among inflation, interest rates, and exchange
rates in Tiirkiye, most of these works rely on linear models and do not fully capture the presence of multiple or
gradual structural changes. Very few studies employ nonlinear methodologies that account for smooth shifts over
time—an especially relevant feature given Tirkiye’s frequent policy changes and economic shocks. In this
context, the present study contributes to the literature by applying Fourier-based econometric techniques
specifically designed to detect nonlinear trends and smooth structural breaks. This paper addresses an important
empirical gap by modeling inflation, interest rates, and exchange rates over a long horizon. It provides more
nuanced insights into the evolving macroeconomic dynamics of the Turkish economy.

Data Description and Characteristics

Table 1 provides essential information on the data utilized in this study, covering Tiirkiye's interest rates, inflation
rates, and exchange rates over an extended observation period (January 2006 - November 2024) with monthly
frequency. The interest rate data represent Tiirkiye's 2-year government bond yields (Investing.com, 2024), the
inflation rate data capture the annual percentage change in the Consumer Price Index (CPI), and the exchange
rate data reflect the Turkish Lira/US Dollar nominal spot rate (Central Bank of the Republic of Tiirkiye, 2024).
The choice of 2006 as the starting year is driven by its significance in Tiirkiye’s macroeconomic policy history.
Specifically, 2006 marks the official transition from an implicit inflation-targeting framework to a fully-fledged
inflation-targeting regime, a milestone in the country’s monetary policy evolution. This shift was a key outcome
of the post-2001 crisis structural reforms, aiming to enhance central bank independence and monetary policy
credibility. Additionally, adopting a floating exchange rate regime and deepening financial markets during this
period significantly influenced the interactions among inflation, interest rates, and exchange rates. Since the study
focuses on long-term macroeconomic relationships, selecting 2006 as the starting point ensures that the analysis
aligns with a stable and policy-relevant economic framework.

Table 1

Summary of Data Variables and Sources For Economic Analysis

Variable Description Frequency Period Source

Interest Tiirkiye 2-Year Government Bond Monthl January 2006 — Investing.com

Rate Yield Y November 2024 &

Inflation Annual percentage change of the Monthl January 2006 - Central Bank of the
Rate Consumer Price Index (CPI) Y November 2024 Republic of Tiirkiye
Exchange  Nominal spot exchange rate (Turkish Monthly January 2006 — Central Bank of the

Rate Lira/US Dollar) November 2024 Republic of Tiirkiye
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Figure 1 depicts the historical trends of three primary economic indicators in Tirkiye — the exchange rate
(USD/TRY), the interest rate (2-year government bond yield), and the inflation rate (annual CPI change) — from
2006 to 2024. The blue line represents the exchange rate, the green line denotes the interest rate, and the red line
illustrates the inflation rate. Significant economic events are marked as shaded areas in the background, providing
contextual insights into the fluctuations of these indicators over time.

Key economic events include the Global Financial Crisis (2008-2009), the Taper Tantrum (2013), the Coup
Attempt in Tirkiye (2016), the Currency Crisis in Tiirkiye (2018), the COVID-19 Pandemic (2020-2021), and
the Recent Inflation Surge (2022 onwards). Each of these events corresponds to notable shifts in the economic
indicators, reflecting Tiirkiye's sensitivity to global and domestic economic disruptions.

The nominal exchange rate between the Turkish Lira and the U.S. Dollar has generally shown an upward trend,
with significant depreciation episodes during the 2018 currency crisis and the recent post-2021 inflation surge.
These periods of rapid depreciation indicate heightened economic uncertainty and investor concerns regarding
Tirkiye's monetary stability.

The interest rate, as represented by the 2-year government bond yield, has demonstrated substantial volatility,
particularly around periods of economic crises. Peaks in bond yields during the Global Financial Crisis, the
currency crisis, and the recent inflation surge reflect heightened risk perceptions among investors and tighter
monetary policies aimed at containing inflation.

Tirkiye’s inflation rate remained relatively stable until the mid-2010s, after which it rose significantly, especially
during and after the currency crisis in 2018. The inflation rate surged to unprecedented levels post-2021,
reflecting a combination of factors, including currency depreciation, global inflationary pressures, and domestic
policy responses.

This figure visually represents how major economic events impact multiple facets of the Turkish economy
simultaneously, demonstrating the interconnected nature of exchange rates, interest rates, and inflation.
Understanding these dynamics is critical for econometric analysis, especially for testing long-term equilibrium
relationships and examining the stability of these indicators over time. The figure thus sets a foundation for
econometric approaches such as Fourier unit root and cointegration tests, which can help assess the persistence
and structural shifts in these variables.
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Figure 1. Historical trends in inflation, interest, and exchange rate with key economic events

Table 2 provides an overview of the inflation, interest, and exchange rates through key descriptive statistics and
nonlinearity tests. The inflation rate shows substantial variability, with a high mean (18.22%) and significant
dispersion, reflected in a large standard deviation and extreme values. The positive skewness and high kurtosis
further indicate that inflation experiences occasional large spikes, deviating from normality, as confirmed by the
Jarque-Bera test. Similarly, the interest and exchange rates exhibit notable volatility and skewness, indicating the
presence of extreme values and asymmetry in their distributions. Both variables deviate from normality and
exhibit nonlinearity, supported by the significant BDS and F;4 tests. These results suggest complex, non-linear
dynamics across all three indicators, likely influenced by structural shifts, policy changes, and external shocks.
Such findings validate the need for advanced econometric techniques, such as Fourier-based unit root and
cointegration tests, to accurately capture these non-linearities and structural breaks in modeling the relationships
among inflation, interest rates, and exchange rates in the Turkish economy.
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Table 2

Descriptive Statistics and Nonlinearity Tests for Inflation, Interest, and Exchange Rate

Inflation Rate Interest Rate Exchange Rate
Mean 18.22 14.78 6.26
Median 9.95 11.90 2.68
Maximum 85.51 41.23 34.23
Minimum 3.99 5.14 1.18
Std. Dev. 19.80 7.75 8.12
Skewness 2.05 1.64 2.14
Kurtosis 2.85 2.71 3.60
Jarque-Bera 234.91%** 169.90%** 204 51%**
BDS 8.31H** 5.31%** 6.45%**
Firig 76.74%*** 101.48%** 72.12%%*
k* 1.0 1.0 1.0

Notes: SD denotes the standard deviation, S refers to skewness, K represents kurtosis, and JB indicates the Jarque-Bera normality statistic, as developed by Jarque and
Bera (1987). The Fy, statistic evaluates the null hypothesis of no trigonometric components within the model, utilizing the F-test approach for validation. The selected
Fourier frequency, k*, is determined by minimizing the sum of squared residuals, ensuring optimal representation of structural breaks and nonlinear patterns.
Additionally, the BDS statistic, introduced by Broock et al. (1996), is employed to detect nonlinearity in the time series data. Statistical significance is marked with *, **,
and *** to indicate levels at 10%, 5%, and 1%, respectively.

In Figure 2, Fourier transformations are applied to three key economic indicators — the exchange, interest, and
inflation rates — to capture periodic fluctuations and potential structural shifts over time. The Fourier analysis,
represented by the orange dashed line, smooths the underlying trends in each variable, allowing us to identify
cyclical patterns and long-term changes beyond short-term volatility.

Fourier transformations are useful for identifying non-linear patterns and structural breaks that traditional linear
models might not capture. By applying Fourier transformations, we can better understand how each variable's
long-term trends relate to one another, aiding in tests for cointegration and unit root processes within the
Fourier-based framework. These insights are crucial for assessing the stability and equilibrium relationships
between inflation, interest, and exchange rates. This study will test Fourier ADF and Fourier Johansen
cointegration tests.
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Figure 2. Fourier analysis of inflation, interest, and exchange rate

Figure 3 presents the correlation matrix for Tiirkiye's inflation, interest, and exchange rates over the entire period
(2006-2024). This matrix reveals a strong positive correlation between inflation and the exchange rate, suggesting
that fluctuations in the Turkish Lira significantly impact inflation, likely due to Tiirkiye’s reliance on imported
goods and raw materials. Additionally, a moderate positive correlation is observed between inflation and interest
rates, indicating that interest rates tend to rise alongside inflationary pressures as part of monetary policy
responses.
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Figure 3. Correlation matrix

Table 3 extends this analysis by providing correlation measures across three distinct periods, allowing for a more
granular examination of how these relationships have evolved. The motivation for breaking down the analysis
into sub-periods lies in capturing the changing economic dynamics influenced by major events, such as the global
financial crisis, domestic economic policies, and recent currency fluctuations. It is important to note that this
table only illustrates the evolution of correlation structures over time. It highlights how different economic
conditions and external shocks have shaped inflation, interest, and exchange rate relationships over these three
sub-periods.

In the pre-2008 period, the correlation between inflation and the exchange rate is relatively low, reflecting a period
of relative currency stability. Post-2008, the correlations fluctuate, particularly as Tiirkiye's economy adjusts due
to global financial events and internal policy shifts. In the most recent period (2018-2024), a notable increase in
the inflation-exchange rate correlation underscores how recent currency depreciation has intensified inflationary
pressures. This pattern indicates that the exchange rate has become an increasingly critical factor in driving
inflation, especially under recent economic challenges, emphasizing the need for policies that stabilize the
currency to manage inflation effectively.
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Table 3

Correlation Analysis of Inflation, Interest, and Exchange Rate Across Different Periods

2018 -
Inflation Rate January 2004 - November 2008 December 2008 - December 2017 January 2018 October

2024
Interest Rate  0.61 0.35 0.51
Exchange Rate 0.36 0.49 0.81

Methodology

In this study, we investigate the stationarity properties of key economic variables—namely, inflation, interest, and
exchange rates—in Tiirkiye. These variables exhibit complex dynamics influenced by internal factors, such as
monetary policy shifts, and external shocks, such as global financial crises. Understanding the statistical
properties of these variables is crucial, as non-stationary time series can lead to spurious regression results,
potentially misleading the interpretation of econometric models.

Descriptive analysis of these variables reveals notable features, including high variability and skewness, as well as
significant deviations from normality. For instance, the inflation rate displays substantial volatility with periods
of sharp increases, especially in recent years, indicating the likelihood of structural breaks. Similarly, the exchange
rate has experienced pronounced shifts, reflecting periods of currency devaluation, while the interest rate has
shown fluctuations linked to monetary policy adjustments. Standard unit root tests like the Augmented Dickey-
Fuller (ADF) test may lack the power to detect stationarity effectively in the presence of these features, particularly
when structural breaks or non-linearities are present.

To address these complexities, we apply the Augmented Dickey-Fuller (ADF), Zivot-Andrews (ZA), and Fourier
Augmented Dickey-Fuller (Fourier ADF) tests. Each test has specific strengths that complement our analysis in
light of the statistical characteristics of the variables. The ADF test, developed by Dickey and Fuller (1981), is
foundational to determining whether a variable is non-stationary without structural breaks. However, given the
high variability and potential regime shifts observed in our data, traditional unit root tests can sometimes lack
the power to detect non-stationarity in the presence of structural breaks, which motivates the use of the ZA and
Fourier ADF tests as complementary approaches.

The ADF test, developed by Dickey and Fuller (1979, 1981), extends the basic Dickey-Fuller test by including
lagged differences of the dependent variable to account for autocorrelation. The model tested in the ADF
framework is:

P
Ay, =a+Bt+yy_,+ Z 8iAy_j + &, (7)
j=1
where Ay, is the first difference of the series, t represents a deterministic trend, p is the lag length chosen to
eliminate autocorrelation, and y is the coefficient of interest. The ADF test statistic is computed as follows:

ADF = ’7/5 ey (8)

where y is the estimated coefficient, and se(y) is its standard error. The null hypothesis Hy: y = 0 indicates a
unit root (non-stationarity), while rejection of H, implies stationarity.
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While the ADF test accounts for autocorrelation by adding lagged terms, it assumes homoscedasticity in the error
term, which may not hold in practice. Phillips and Perron (1988) modifies the ADF framework by incorporating
non-parametric corrections to the test statistic, specifically using the Newey-West heteroscedasticity and
autocorrelation consistent (HAC) estimator. The model for the PP test is:

Ay, =a+ Bt+yy,_, + &, 9)
The PP test statistic is similar to the ADF test but includes adjustments:
~ 1.2
Y — 2 Tf 0 (10)

JVAR()
where f, is an estimate of the long-run variance of &, and VAR (7) is the asymptotic variance of j. Like the ADF
test, the PP test’s null hypothesis is that the series has a unit root.

PP =

Economic time series are often subject to structural breaks due to events such as policy changes or economic
shocks. The Zivot and Andrews (1992) test improves on traditional tests by allowing for a single, endogenously
determined structural break in the series. This test is suitable for situations where a sudden change in the trend
or level is expected. The ZA model is specified as:

P
Ay, = a+ Bt +yy_1 + 6, Df + 8,0 + Z §idye_j + &, (11)
j=1
where D? is a dummy variable for a structural break in the intercept, and D] represents a dummy variable for a
break in the trend. The null hypothesis is that the series has a unit root with no structural break, while the
alternative hypothesis suggests stationarity with a break.

The test statistic for the null hypothesis of a unit root is given by the t-statistic of y, denoted as ADF (1), where
A= Ty /T represents the location of the break as a proportion of the sample size. The break location 4 is chosen

to minimize the ADF (1), statistic across all potential break points. Let A;,s denote the value of A that minimizes
the test statistic. The unit root test statistic in Zivot and Andrews (1992) is therefore defined as:

ADF (A;n5) = inf ADF (). (12)
A

This approach enables the ZA test to endogenously select the optimal break point, enhancing its sensitivity to
structural shifts in the data.

When data exhibit multiple or gradual structural breaks, traditional unit root tests may not fully capture these
dynamics. The Fourier ADF test, developed by Enders and Lee (2012), addresses this by incorporating low-
frequency trigonometric terms into the deterministic component of the model, allowing it to approximate
smooth, gradual shifts in trend without requiring prior knowledge of the break dates.

It is important to note that the including Fourier terms captures nonlinear trends in the deterministic component.
In other words, this approach does not test for nonlinear behavior like regime-switching or asymmetries found
in models such as TAR frameworks. Rather, the Fourier ADF test is particularly suitable when structural changes
are unknown and continuous, enabling more flexible modeling of the trend structure while remaining within a
linear time series framework. The Fourier ADF test is specified as:

kt 2mkty )
) + 6, cos( T ) +Z§jAyt_]- + &,
j=1

2T
Ay, =a+ Pt +yy_4 +6lsin< T
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. k k . , .
where sin (?) and cos (?) are Fourier terms that capture smooth structural shifts. For the Fourier ADF

test, the test statistic for the null hypothesis of a unit root is given by the t-statistic of y, denoted as ADF (k), where
k represents the Fourier frequency used in the model.

An advanced cointegration testing method is required to accurately capture the complex dynamics of
macroeconomic variables influenced by structural shifts and gradual changes. The Johansen-Fourier
cointegration approach builds on the traditional Johansen cointegration test (Johansen, 1991) by incorporating
Fourier functions to account for structural breaks and non-linear trends. This methodology is particularly
suitable when the timing and number of breaks in the data are unknown. The Fourier function helps approximate
multiple smooth breaks without the need for abrupt dummy variables, thus enhancing the test’s flexibility and
performance in gradual shifts in economic relationships (Pascalau et al., 2022).

The cointegrated vector autoregressive (VAR) model with a Fourier function is expressed as:
k—1
AX, = TIX,_, + Z CAX,_; +u+fi +eq, (14)
j=1
where X; is a p-dimensional vector, e;~Ny(0,A) and f; represents the Fourier function introduced to capture
smooth, gradual breaks in the cointegrating vector. Cointegration exists if the matrix IT has reduced rank, r < p,
allowing I1 = af’, where o and [ are p X r matrices of adjustment and cointegrating vectors, respectively.

The Fourier function f; is modeled as:

n
2mjt . [2mjt
fi = z (Aj cos (—T ) + B; sin <_T )), (15)
Jj=1
where n is the number of cumulative frequencies, A; and B; are parameters, and T is the sample size. By selecting
appropriate low-frequency components, the Fourier function captures unknown non-linear breaks across time,

reducing the need to specify exact breakpoints or the number of breaks.

The Fourier-Johansen test is based on maximizing the likelihood function while determining the cointegrating
rank. Residuals are obtained from regressions of AX; on lagged values and the Fourier terms. The eigenvalues
from these residuals are used to compute two test statistics: the trace test and the maximum eigenvalue test,
formulated as:

P
Trace Test: LR = —T Z ln(l - /Ti), (16)

i=r+1
Max Eigenvalue Test: Apgx = =T ln(l — irﬂ), (17)

where /, are the eigenvalues from the system of residuals. These statistics allow testing the null hypothesis of at
most r cointegrating relationships against the alternative of more cointegrating vectors.

The optimal frequency k* is typically selected based on the minimization of the sum of squared residuals from
the Ordinary Least Squares (OLS) estimation. In practice, low frequencies (e.g., k < 3) are preferred to capture
economic trends without overfitting, as too many parameters may reduce the test’s power.

This approach offers robustness in identifying cointegrating relationships in the presence of smooth, unknown
structural changes. However, it is more suitable for smooth breaks and may lose power due to sharp, abrupt
structural shifts. Therefore, when both smooth and sharp breaks are suspected, a combination of tests may
provide a comprehensive analysis (Pascalau et al., 2022).
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Empirical Results

This section applied various unit root tests to examine the stationarity properties of inflation, interest rate, and
exchange rate series, incorporating both traditional and advanced methodologies. Tables 4, 5, and 6 present the
results from the ADF, PP, Zivot-Andrews, and Fourier ADF tests, offering insights into the presence of unit roots
and the impact of structural breaks and non-linear trends. The empirical analysis in this study was performed
using GAUSS, utilizing TSPDLIB for time series methods as provided by Nazlioglu (2021).

Table 4 displays the results of the Augmented Dickey-Fuller (ADF) and Phillips-Perron (PP) tests, conducted
under two specifications: with a constant and with a constant and trend. Both tests consistently indicate non-
stationarity at levels for all variables, as the test statistics for inflation, interest rate, and exchange rate fail to exceed
the critical values at standard significance levels. This suggests that the series exhibits unit root behavior, reflecting
a lack of mean reversion in levels when structural changes are not accounted for. However, when the variables
are first-differenced, both the ADF and PP tests strongly reject the null hypothesis of a unit root at the 1%
significance level in almost all cases. This confirms that the variables are integrated of order one, I(1), satisfying
the necessary condition for applying cointegration analysis.

Table 4

Conventional Unit Root Test Results

Constant Constant and trend

ADF p PP ADF p PP
Level
Inflation Rate 0.509 12 -1.481 -0.955 12 -2.431
Interest Rate -1.389 8 -0.997 -1.944 8 -1.440
Exchange Rate 3.635 10  6.026 2.569 10 2918
First Difference
Inflation Rate -4.802%** 12 -7.964*** -4.933¢% 12 -7.956%**
Interest Rate -5.653*** 12 -12.529%* -6.133%** 12 -12.576*%*
Exchange Rate -1.963 12 -8.037%** -5.466*** 4 -8.864**

Notes: The optimal lag length, p, for the ADF test was selected based on the t-statistic significance of the final lagged dependent variable at a 10% threshold, with a
maximum lag length set at 12. For the PP test, the Quadratic Spectral kernel was applied along with the Newey-West automatic bandwidth selection method for spectral
estimation. The critical values for the ADF test with a constant are -3.41 at the 1% level, -2.83 at the 5% level, and -2.53 at the 10% level, while for the model with both
constant and trend, the critical values are -3.93 (1%), -3.37 (5%), and -3.08(10%). In the PP test, the critical values for a model with a constant are -3.46 (1%), -2.88 (5%),
and -2.58 (10%), and for a model with constant and trend, they are -3.98 (1%), -3.42 (5%), and -3.13 (10%).
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Table 5 presents the Zivot-Andrews (ZA) test results, which account for a single endogenous structural break in
the series. At the level, the test identifies a significant break for the inflation rate in November 2021. ADF statistics
exceed the 1% critical value across both Model A and Model B, indicating stationarity after accounting for the
break. This suggests that inflation is strongly influenced by recent structural changes, likely related to Tiirkiye’s
policy and price shocks in that period. For the interest rate and exchange rate, although break dates are detected
(e.g., September 2022 and October 2020, respectively), the ADF statistics at the level do not exceed critical
thresholds, indicating that a single structural break may not be sufficient to account for their non-stationary
behavior.

However, when the series is first-differenced, the ZA test strongly rejects the unit root null across all three
variables at the 1% level in both model specifications. This confirms that the variables become stationary after
first differencing, even when accounting for structural breaks, and are thus integrated of order one, I(1). These
results reinforce the robustness of earlier unit root test findings and validate the use of cointegration analysis in
the subsequent stages.

Table 5

Zivot-Andrews (ZA) Test With Structural Breaks Results

Model A Model B

ADF(Zinf) P Ts ADF(Ainf) p Tg
Level
Inflation Rate -8.713*%* 12 November 2021 -6.363*** 12 November 2021
Interest Rate -3.561 7  Sebtember 2022 -4.096 7 October 2008
Exchange Rate 1.639 11 October 2021 -3.698 11 October 2020
First Difference
Inflation Rate -5.638%%* 12 November 2021 -12.906*** 11 October 2021
Interest Rate -6.947%* 12 October 2022 -7.403*%* 12 April 2022
Exchange Rate -7.875%%* 3 October 2020 -7.755%%* 3 November 2013

Notes: The optimal lag length, p, was identified based on the significance of the t-statistic for the last lagged dependent variable at the 10% level, with a maximum lag
limit of 12. The break date, TB, is determined endogenously. The critical values for Model A are -5.34 (1%), -4.80 (5%), and -4.58 (10%), while for Model B, they are -5.57
(1%), -5.08 (5%), and -4.82 (10%). Statistical significance is indicated as *** for 1%, ** for 5%, and * for 10%.

One limitation of the ZA approach is its inability to model multiple or gradual breaks over time—especially in
economies like Tiirkiye’s, where structural changes are frequent and not necessarily abrupt. To address this issue,
the analysis proceeds with the Fourier ADF test, which allows for smooth and unknown structural changes by
incorporating low-frequency trigonometric terms into the deterministic trend. This method offers a more flexible
alternative to capture non-linear and time-varying shifts in the data’s underlying structure.

Table 6 presents the results of the Fourier Augmented Dickey-Fuller (ADF) test, which extends the conventional
unit root framework by incorporating low-frequency trigonometric terms to account for smooth structural
changes. The test was applied under two specifications: level shift and level-and-trend shift.
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At the level, none of the variables reject the unit root null hypothesis across either specification, confirming the
findings from the standard ADF and Zivot-Andrews tests. However, the Fi,;4 statistics are highly significant for
all three variables in both models, strongly indicating that Fourier terms significantly improve the model by
capturing underlying non-linear trend behavior and smooth structural shifts.

When the series is first differenced, the ADF test statistics reject the null hypothesis of a unit root at the 1% level
for inflation and interest rates under both specifications and for the exchange rate under the level-and-trend shift
model. These results confirm that the variables are integrated of order one (I(1)), even when accounting for
gradual structural changes. Additionally, the Fi,;, values remain statistically significant, especially for inflation,
further validating the presence of smooth and evolving trends in Tiirkiye’s macroeconomic data.

Table 6

Fourier ADF Test Results

Level shift Level and trend shift

ADF (k) p k' Fyig p—val. ADF (k) p k' Fyig p —val.
Level
Inflation Rate 1.089 12 4 74.03** 0.000 -0.864 12 4 143.89*%** 0.000
Interest Rate -3.454 9 1 101.48* 0.000 -2.077 8 2 93.66%* 0.000
Exchange Rate 4.324 11 4 72.12%** 0.000 -0.274 10 1 338.12%%* 0.000
First Difference
Inflation Rate -5.175%** 12 4 2.79* 0.0634 -5.508*** 12 4 3.12*%* 0.0462
Interest Rate -5.947*** 12 2 32 0.1034 -6.352%%* 12 2 2.01 0.1368
Exchange Rate -2.317 12 2 16.23%** 0.0000 -5.704* 9 1 11.84* 0.0000

Notes: The optimal lag length, p, was chosen based on the significance of the t-statistic for the last lagged dependent variable at the 10% level, with a maximum lag limit
of 12. The optimal Fourier frequency, k*, was selected by minimizing the sum of squared residuals from the OLS estimation with k values ranging from 1 to 5. The Ftrig
statistic is the standard F-statistic used to test the null hypothesis of no trigonometric terms (8, = 8, = 0) in the model for level shifts and both level and trend shifts in
equation (13), using k = k" The critical values for the Fourier ADF,
ADF(k*), test are provided in Enders and Lee (2012). Statistical significance is marked as *** at the 1% level, ** at the 5% level, and * at the 10% level.

Based on the previous unit root test results, all variables demonstrate non-stationarity, indicating the presence of
unit roots across the inflation rate, interest rate, and exchange rate. This non-stationary nature suggests that these
macroeconomic variables will likely exhibit persistent trends over time, making it essential to explore potential
long-term equilibrium relationships among them. The Fourier unit root test is particularly well-suited here, as it
accommodates the possibility of structural breaks and non-linear adjustments, which are common in economic
series influenced by various policy changes and external shocks.
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The standard Johansen cointegration test was first applied to examine long-term equilibrium relationships
among inflation, interest rates, and exchange rates. The test results, presented in Table 7, indicate that at rank 1
and 2, both the Lambda and Trace statistics significantly exceed their 5% critical values, thereby confirming the
existence of at least two cointegrating relationships under the conventional framework.

However, the standard Johansen cointegration test may be unreliable in the presence of structural breaks, as it
assumes parameter stability throughout the sample. Several studies have noted that such breaks can lead to biased
inference if not properly modeled (Trenkler, 2005; Gregory & Hansen, 1996). Trenkler (2005) provides
simulation-based evidence showing that the standard Johansen procedure is prone to size distortions and
misleading inference under such conditions. This limitation is particularly relevant for Tiirkiye, where the
economy has undergone multiple regime changes, policy shifts, and external shocks over the study period.

The Fourier-Johansen cointegration test was also employed to address this issue, as it allows for smooth and
gradual structural changes to be captured using low-frequency sine and cosine terms. Unlike conventional
approaches, this method does not rely on pre-specified break dates or arbitrary dummies, offering a flexible and
robust framework for testing cointegration in complex macroeconomic systems. Pascalau et al. (2022) further
support this approach by showing that Fourier-based cointegration tests exhibit superior size and power
properties under structural instability.

The analysis incorporated both single-frequency and cumulative-frequency specifications within the Fourier-
Johansen framework to ensure robustness. As shown in Table 7, under the single-frequency approach, both the
Lambda and Trace statistics at rank 1 and 2 exceed their respective critical values at the 5% level, indicating the
existence of two cointegrating relationships.

In contrast, under the cumulative-frequency specification, although rank 1 still confirms at least one
cointegrating vector, the test statistics at rank 2 fall below their critical thresholds, suggesting that the evidence
for a second relationship weakens when multiple frequencies are aggregated.

This divergence highlights the sensitivity of the results to the chosen frequency specification and reinforces the
need for robustness checks in Fourier-based analysis. Still, the consistency in identifying at least one long-term
equilibrium relationship across all methods supports the validity of the findings.

In conclusion, the cointegration analysis confirms the presence of at least one stable long-term relationship
among Tirkiye’s inflation, interest rates, and exchange rates across both standard and Fourier-based
methodologies. These findings emphasize the necessity of accounting for structural shifts and nonlinear trend
behavior when analyzing macroeconomic interactions in structurally evolving economies like Ttirkiye.
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Table 7

Johansen-Fourier Cointegration Test Results for Long-Term Equilibrium Relationships

Rank Lambda Trace cv (5%) Lambda cv (5%) Trace
Johansen

1.000 67.443** 83.764** 17.796 24.276

2.000 14.769** 16.321** 11.225 12.321

3.000 1.551 1.551 4.129 4.129

Fourier Johansen Single frequency

1.000 37.342** 66.079** 29.614 46.791
2.000 27.822** 28.738** 22.179 28.560
3.000 0.915 0.915 14.214 14.214

Fourier Johansen Cumulative frequency

1.000 47.334** 93.764** 45.626 89.826
2.000 30.449 46.430 38.466 58.419
3.000 15.980 15.980 30.288 30.288

Notes: The number of lags for the VAR model (k) is set to 2, and the Fourier frequency (f) is chosen as 3 to capture smooth breaks and cyclical components in the data
optimally. These parameters were selected to minimize the sum of squared residuals and enhance model precision. Statistical significance is marked as *** at the 1% level,
** at the 5% level, and * at the 10% level.

Given the confirmed presence of cointegration through the Fourier Johansen cointegration test, we applied three
cointegration regression methods—FMOLS, DOLS, and CCR—to estimate the long-term relationships between
the variables of interest. These approaches are widely recognized in econometric literature for providing robust
long-term parameter estimates in the presence of cointegrated variables (Phillips and Hansen, 1990; Park, 1992;
Stock and Watson, 1993).

The long-term relationship was estimated by incorporating Fourier terms at optimal frequencies, as reported in
Table 8, to capture the smooth, nonlinear long-run dynamics implied by the Fourier-based cointegration test.
The FMOLS, DOLS, and CCR models include sine and cosine components to reflect periodic structural changes
and nonlinear adjustment patterns.

The results show that both the exchange rate and interest rate have statistically significant effects on inflation,
with the exchange rate having a notably stronger impact. This finding is consistent with earlier studies focusing
on Tiirkiye, Kara and Ogiing (2008), Karaoglu and Kiligkaplan (2018), Tiirel and Orhan (2022), and Sen et al.
(2020) highlight the strong pass-through effect of exchange rate changes on inflation in the Turkish economy.

This supports the exchange rate pass-through mechanism (ERPT), where currency depreciation increases the
cost of imported goods and inputs, resulting in higher consumer prices—especially in import-dependent
economies like Tiirkiye. The statistical significance of the interest rate variable also indicates the role of monetary
transmission mechanisms, although with a weaker effect. This suggests that while interest rate changes influence
inflation expectations, their long-term impact may be limited without accompanying structural reforms.
Including Fourier components strengthens the model’s ability to reflect cyclical inflation behavior and structural
shifts, aligning it with the nonlinear characteristics of macroeconomic dynamics in emerging markets.
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Table 8

Cointegration Regression Results Using FMOLS, DOLS, and CCR

Inflation Rate FMOLS DOLS CCR
Constant 5.677*** 4.850*** 5.677*%*
Interest Rate 0.343** 0.450*** 0.343**
Exchange Rate 1.196*** 11514 1.196***
sin(2mt/T) -4.053%%¢ -4.523%+ -4.053%*
sin(2m2t/T) -6.484%* -7.336%* -6.484%%¢
sin(2m3t/T) -5.695%%* 64324+ _5.695%+*
cos(2mt/T) 5,177+ 5.232%%* 5.177%+
cos(2m2t/T) 1.759** 2.009** 1.759**
cos(2m3t/T) -1.105 -1.083 -1.105

Notes: Statistical significance is marked as *** at the 1% level, ** at the 5% level, and * at the 10% level.

Conclusion And Policy Implications

This study applied Fourier-based econometric techniques to explore the long-term interactions among Tiirkiye's
inflation, interest rates, and exchange rates while accounting for structural breaks and nonlinear trends. The
Johansen-Fourier cointegration tests confirmed the existence of at least one stable long-term equilibrium
relationship, particularly highlighting the strong influence of exchange rate dynamics on inflation. Cointegration
regression methods, including FMOLS, DOLS, and CCR, were estimated using Fourier terms to account for
smooth structural changes in the long-term relationship. The results confirmed that both the exchange rate and
interest rate have statistically significant effects on inflation, with the exchange rate exerting a notably stronger
influence. The significance of the Fourier components indicates that nonlinear trend behavior and gradual
structural shifts are present in Tiirkiye’s inflation dynamics. These findings suggest that traditional monetary
policy tools alone may not be sufficient to control inflation in Tiirkiye’s context, especially without considering
exchange rate movements and underlying structural changes.

The findings of this study suggest that a more integrated and comprehensive policy framework is required to
achieve price stability in Tiirkiye. Policymakers should prioritize exchange rate stabilization policies, as exchange
rate fluctuations significantly contribute to inflationary pressures. Strengthening foreign exchange reserves and
implementing measures to reduce currency volatility can be critical. Additionally, structural reforms focusing on
reducing import dependence, enhancing domestic production, and improving the resilience of financial markets
should be considered. Since monetary policy alone may not be sufficient, a coordinated approach between fiscal
and monetary policies would be more effective in maintaining long-term economic stability.
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While this study provides important insights, it has certain limitations. The analysis is limited to three
macroeconomic variables (inflation, interest rates, and exchange rates), excluding other potential determinants
such as energy prices, fiscal policies, or global economic conditions. Future studies could expand the dataset to
include additional macroeconomic indicators for a more comprehensive understanding. Additionally, the study
is focused solely on Tiirkiye, and while the findings may provide relevant insights for other emerging economies,
generalizability remains limited. Further research could apply Fourier-based techniques to different economies
to compare structural shifts and nonlinearities across various economic environments.

This study underscores the importance of applying Fourier-based econometric methods to capture structural
breaks and nonlinear trend patterns in macroeconomic analysis. By addressing these complexities, this approach
accurately represents Tiirkiye’s macroeconomic dynamics and offers valuable insights for policymakers in other
emerging market economies facing similar structural challenges.

123



AUSBD, 2025; 25(3): 103-128

References

Akgiil, I, & Ozdemir, S. (2018). Enflasyon-Faiz Orani ve Enflasyon-Déviz Kuru Ikilemi: GEG Programi Déneminde Tiirkiye
Gergegi. Ege Academic Review, 18(1).

Asab, N, Cuestas, J. C. and Montagnoli, A. (2018). Inflation targeting or exchange rate targeting: Which framework supports the
goal of price stability in  emerging market economies? PLoS  ONE, 13(8), e0201798.
https://doi.org/10.1371/journal.pone.0201798

Baktemur, F. 1. (2021). Enflasyon ile faiz oranlar1 arasindaki dogrusal olmayan nedensellik iligkisi: Tiirkiye rnegi. Istanbul
Ticaret Universitesi Sosyal Bilimler Dergisi, 20(42), 1147-1158.

Bari, B. (2020). Exchange Rate and Import Price Pass-Through in Turkey. Business and Economics Research Journal, 11, 609-
620. https://doi.org/10.20409/ber;j.2020.272

Broock, W. A., Scheinkman, J. A., Dechert, W. D. and LeBaron, B. (1996). A test for independence based on the correlation
dimension. Econometric Reviews, 15(3), 197-235. https://doi.org/10.1080/07474939608800353

Cabral, R., Carneiro, F. and Mollick, A. (2016). Inflation targeting and exchange rate volatility in emerging markets. Empirical
Economics, 58(3), 605-626. https://doi.org/10.1007/s00181-018-1478-8

Capasso, S., Napolitano, O., and Viveros Jiménez, A. L.. (2019). The long-run interrelationship between exchange rate and
interest rate: the case of Mexico. Journal of Economic Studies, 46(7), 1380-1397. https://doi.org/10.1108/jes-04-2019-0176

Cassel, G. (1916). The present situation of the foreign exchanges. The Economic Journal, 26(103), 319-323.
https://doi.org/10.2307/2221918

Central Bank of the Republic of Turkey. (2004). Statistics. Retrieved from https://www.tcmb.gov.tr

Catik, A. N., & Karaalp, H. S. (2010). The Dynamics of Inflation and Exchange Rate Pass-Through in Turkey. International
Journal of Business and Social Science, 1(3), 96-105

Dickey, D. A. and Fuller, W. A. (1979). Distribution of the estimators for autoregressive time series with a unit root. Journal of
the American Statistical Association, 74(366a), 427-431. https://doi.org/10.2307/2286348

Dickey, D. A. and Fuller, W. A. (1981). Likelihood ratio statistics for autoregressive time series with a unit root. Econometrica,
49(4), 1057-1072. https://doi.org/10.2307/1912517

Dogan, B., Eroglu, O., & Deger, O. (2016). Enflasyon ve faiz orani arasindaki nedensellik iligkisi: Tiirkiye drnegi. Cankir:
Karatekin Universitesi Iktisadi ve Idari Bilimler Fakiiltesi Dergisi, 6(1), 405-425.

Dornbusch, R. (1976). Expectations and exchange rate dynamics. Journal of Political Economy, 84(6), 1161-1176.
https://doi.org/10.1086/260506

Enders, W., and Lee, J.. (2012). A unit root test using a Fourier series to approximate smooth breaks*. Oxford Bulletin of
Economics and Statistics, 74(4), 574-599. https://doi.org/10.1111/j.1468-0084.2011.00662.x

Fama, E. F. (1981). Stock returns, real activity, inflation, and money. The American Economic Review, 71(4), 545-565.
https://www.jstor.org/stable/1806180

Fisher, I. (1930). The theory of interest. New York: Macmillan

Gregory, A. W., and Hansen, B. E. (1996). Tests for cointegration in models with regime and trend shifts. Oxford Bulletin of
Economics and Statistics, 58(3), 555-560. https://doi.org/10.1111/].1468-0084.1996.MP58003008.X

Ibrahim, M. H. and Sukmana, R. (2023). Monetary policy and exchange rate in a large emerging economy. Global Business
Review. https://doi.org/10.1177/09721509231198659

Investing.com. (2024). Tiirkiye 2-year bond yield historical data. Retrieved from https://tr.investing.com/rates-bonds/turkey-2-
year-bond-yield-historical-data

Iscan, H. & Durgun Kaygisiz, A. (2019). Tiirkiye’de Déviz Kuru, Enflasyon ve Faiz Orani Iligkisi: 2009-2017 Uygulamast. Igdir
Universitesi Sosyal Bilimler Dergisi, (17), 581-604.

Johansen, S. (1991). Estimation and hypothesis testing of cointegration vectors in Gaussian vector autoregressive models.
Econometrica, 59(6), 1551-1580. https://doi.org/10.2307/2938278

Kara, H., and Ogiing, F. (2008). Inflation targeting and exchange rate pass-through: The Turkish experience. Emerging Markets
Finance and Trade, 44(6), 52-66. https://doi.org/10.2753/REE1540-496X440604

Kara, H. and Dede, Y. (2023). The relationship between exchange rate volatility and inflation in Turkey. Pressacademia.
http://doi.org/10.17261/Pressacademia.2023.1701

124


https://doi.org/10.1371/journal.pone.0201798
https://doi.org/10.1080/07474939608800353
https://doi.org/10.1007/s00181-018-1478-8
https://doi.org/10.2307/2221918
https://www.tcmb.gov.tr/
https://tr.investing.com/rates-bonds/turkey-2-year-bond-yield-historical-data
https://tr.investing.com/rates-bonds/turkey-2-year-bond-yield-historical-data

AUSBD, 2025; 25(3): 103-128

Karahan, O., & Colak, O. (2017). Enflasyon Hedeflemeli Rejim Altinda Tiirkiye Ekonomisinde Faiz Orani ve Déviz Kuru iliskisi.
Uluslararas: Yonetim Iktisat ve Isletme Dergisi, 13(13), 983-991.

Karaoglu, N., & Kilickaplan, S. (2018). Déviz Kurunun Yurt I¢i Fiyatlara Gegis Etkisinin Yumugak Gegisli Regresyon Modeliyle
Tahmini. Bulletin of Economic Theory and Analysis, 3(3), 195-215. https://doi.org/10.25229/beta.465635

Konak, A., & Pege, M. A. (2023). Tirkiye’de Faiz Orani, Enflasyon Orani ve D6viz Kuru Arasindaki Nedensellik Analizi. Tiirkiye
Sosyal Arastirmalar Dergisi, 27(1), 171-186.

Kiciik, E., & Dereli, D. D. (2021). Tiirkiye’de faiz orani ile déviz kuru iligkisinin analizi (2003-2020). Journal of Life Economics,
8(2), 193-200. https://doi.org/10.15637/jlecon.8.2.05

Mishkin, F. S. (1992). Is the Fisher effect for real? A reexamination of the relationship between inflation and interest rates. Journal
of Monetary Economics, 30(2), 195-215. https://doi.org/10.1016/0304-3932(92)90060-F

Nazlioglu, §., Gormus, A. and Soytas, U. (2018). Oil prices and monetary policy in emerging markets: Structural shifts in causal
linkages. Emerging Markets Finance and Trade, 55(2), 105-117. https://doi.org/10.1080/1540496X.2018.1434072

Nazlioglu, S. (2021). TSPDLIB: GAUSS Time Series and Panel Data Methods (Version 2.0) [Source code]. Retrieved from
https://github.com/aptech/tspdlib

Ozdogan, Z. (2022). An Analysis of Exchange Rate Pass-Through to Domestic Prices: Evidence from Turkey. Eurasian Journal
of Business and Economics. https://doi.org/10.17015/ejbe.2022.029.05

Park, J. Y. (1992). Canonical cointegrating regressions. Econometrica, 60(1), 119-143. https://doi.org/10.2307/2951679

Pascalau, R., Lee, J., Nazlioglu, S., and Lu, Y. (Olivia). (2022). Johansen-type cointegration tests with a Fourier function. Journal
of Time Series Analysis, 43(5), 828-852. https://doi.org/10.1111/jtsa.12640

Phillips, P. C. B. and Perron, P. (1988). Testing for a unit root in time series regression. Biometrika, 75(2), 335-346.
https://doi.org/10.2307/2336182

Phillips, P. C. B. and Hansen, B. E. (1990). Statistical inference in instrumental variables regression with I(1) processes. The
Review of Economic Studies, 57(1), 99-125. https://doi.org/10.2307/2297545

Sahin, B. and Dereli, D. (2019). An evaluation on inflation in Turkey after 1980 and the analysis of relationship between inflation,
interest rate, and exchange rate. Pressacademia. https://doi.org/10.17261/pressacademia.2019.1111

Sezgin, V. (2024). Exchange Rate Pass-Through into Import Prices: Evidence from Tiirkiye during 2010-2020 Period. OPUS
Journal of Society Research. https://doi.org/10.26466/opusjsr.1486453

Sanli, O. (2022). Déviz kuru dalgalanmalarinin enflasyona etkisi: Tiirkiye 6rnegi. Ordu Universitesi Sosyal Bilimler Enstitiisii
Sosyal Bilimler Arastirmalar: Dergisi, 12(3), 2487-2514.

Sen, H., Kaya, A., Kaptan, S., and Comert, M. (2020). Interest rates, inflation, and exchange rates in fragile EMEs: A fresh look at
the long-run interrelationships. The Journal of International Trade ¢ Economic Development, 29(3), 289-318.
https://doi.org/10.1080/09638199.2019.1663441

Stock, J. H. and Watson, M. W. (1993). A simple estimator of cointegrating vectors in higher order integrated systems.
Econometrica, 61(4), 783-820. https://doi.org/10.2307/2951763

Taylor, J. B. (1995). The monetary transmission mechanism: An empirical framework. Journal of Economic Perspectives, 9(4),
11-26. https://doi.org/10.1257/jep.9.4.11

Trenkler, C. (2005). The Effects of Ignoring Level Shifts on Systems Cointegration Tests. Allgemeines Statistisches Arch, 89, 281-
301.

Tiirel, M., & Orhan, A. (2022). Asymmetries in Exchange Rate Pass-through in Turkey: A Threshold VAR Analysis. Prague
Economic Papers, 31(3-4), 276-295. doi: 10.18267/j.pep.806

Yenice, S., & Yenisu, E. (2019). Tiirkiye’de Doviz Kuru, Enflasyon ve Faiz Oranlarinin Etkilesimi. Dokuz Eyliil Universitesi Sosyal
Bilimler Enstitiisti Dergisi, 21(4), 1065-1086. https://doi.org/10.16953/deusosbil.467312

Yildirim, S., & Sari, S. (2020). Déviz kuru ve enflasyonun faiz orani {izerindeki etkisinin NARDL Yaklagimi ile Incelenmesi:
Tiirkiye Ekonomisi i¢in Bir Ornek. Balkan ve Yakin Dogu Sosyal Bilimler Dergisi, 6(02), 147-161.

Zivot, E., and Andrews, D. W. K. (2002). Further Evidence on the Great Crash, the Oil-Price Shock, and the Unit-Root
Hypothesis. Journal of Business ¢ Economic Statistics, 20(1), 25-44. https://doi.org/10.1198/073500102753410372

125


https://github.com/aptech/tspdlib

AUSBD, 2025; 25(3): 103-128

Genisletilmis Ozet

Amag

Bu ¢alisma, Tiirkiye ekonomisindeki enflasyon, faiz orani ve doviz kuru arasindaki uzun vadeli iliskileri, yapisal
kirilmalar1 ve dogrusal olmayan egilimleri dikkate alarak analiz etmeyi amaglamaktadir. Tiirkiye gibi ithalat
bagimlilig: yiiksek olan ve sik sik dis soklara maruz kalan ekonomilerde, bu degiskenler arasindaki etkilesimler,
para politikalarinin etkinligi acisindan kritik 6neme sahiptir. Geleneksel ekonometrik yontemler bu karmagsik
dinamikleri yeterince a¢iklamada yetersiz kalirken, Fourier tabanli yontemler, yapisal kirilmalar ve kademeli
degisimlerin etkilerini modellemekte 6nemli avantajlar sunmaktadir. Bu baglamda, ¢alisma, doviz kuru
dalgalanmalarinin enflasyon tizerindeki etkilerini ve faiz oranlarinin enflasyon kontroliindeki etkinligini
degerlendirmeyi hedeflemektedir. Arastirmanin temel sorusu, Tiirkiye’deki bu makroekonomik degiskenlerin
uzun vadeli iligkilerinin politika yapicilar i¢in ne tiir i¢goriiler sundugudur. Bu ¢alisma, literatiire metodolojik

ve uygulamali katkilar saglamay1 amaglamaktadir.

Tasarim ve yontem

Bu ¢aligmada, Tiirkiye ekonomisindeki makroekonomik degiskenlerin uzun vadeli dinamiklerini incelemek i¢in
Fourier tabanli ekonometrik yontemler kullanilmistir. Bu yontemler, yapisal kirllmalar ve dogrusal olmayan
egilimleri modelleme konusundaki esneklikleri ile 6ne ¢ikmaktadir. Analizde ilk olarak, Fourier Augmented
Dickey-Fuller (ADF) testi kullanilarak degiskenlerin birim kok ozellikleri degerlendirilmistir. Bu test, hem ani
hem de kademeli yapisal degisimlerin etkisini dikkate alarak daha giivenilir sonuglar saglamaktadir. Ikinci olarak,
Fourier Johansen egbiitiinlesme testi, degiskenler arasindaki uzun vadeli iligkilerin varligin1 ve bu iliskilerin
yapisal kirilmalar 1g181nda nasil evrildigini belirlemek i¢in uygulanmustir. Calismada, 2006-2024 yillar1 arasindaki
donemi kapsayan aylik veriler kullanilmigtir. Veriler, Tiirkiye Cumhuriyet Merkez Bankasi ve uluslararasi veri
tabanlarindan temin edilmistir. Incelenen degiskenler arasinda enflasyon orani (TUFE), 2 yillik devlet tahvil faiz
orani ve nominal doviz kuru (TL/USD) bulunmaktadir. Bu veri seti, Tiirkiye'nin ekonomik istikrarini etkileyen
temel unsurlar1 kapsamli bir sekilde degerlendirmek icin secilmistir. Verilerin analizi GAUSS ve Python
yazilimlari araciligiyla gerceklestirilmistir. Elde edilen sonuglarin giivenilirligini artirmak amaciyla, esbiitiinlesme
analizinden sonra FMOLS (Fully Modified Ordinary Least Squares), DOLS (Dynamic Ordinary Least Squares)
ve CCR (Canonical Cointegration Regression) yontemleri kullanilarak uzun vadeli iliskilerin tahmini yapilmistir.
Bu yontemler, otokorelasyon ve igsellik gibi ekonometrik sorunlari minimize ederek degiskenler arasindaki
iliskinin daha net bir sekilde anlagilmasini saglamaktadir. Bu metodolojik yaklasim, 6zellikle gelismekte olan
ekonomilerde karsilasilan dogrusal olmayan egilimleri ve ani yapisal kirilmalari modelleme agisindan geleneksel
yontemlere gore Ustiinlitk sunmaktadir. Bu sayede, Tiirkiye gibi yiiksek volatiliteye sahip bir ekonomide, déviz
kuru dalgalanmalarinin enflasyon iizerindeki etkisi daha ayrintili bir sekilde incelenebilmistir. Caliyma hem
ekonomik teoriye katki sunmakta hem de politika yapicilar i¢in uzun vadeli ve pratik i¢goriiler saglamaktadr.
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Bulgular

Calisma sonuglari, doviz kuru ile enflasyon arasinda giiglii ve pozitif bir uzun vadeli iliski oldugunu ortaya
koymaktadir. Fourier Johansen egbiitiinlesme testi, bu iki degiskenin uzun vadede birlikte hareket ettigini ve
doviz kurundaki degisimlerin enflasyon tizerinde belirgin bir etkisi oldugunu gostermektedir. FMOLS, DOLS ve
CCR yontemleriyle yapilan tahminler, doviz kurundaki 1 birimlik artigin enflasyonda yaklasik 2.2 birimlik bir
artisa neden oldugunu ortaya koymustur. Bu bulgu, doviz kuru dalgalanmalarinin Tirkiye’'nin ithalat bagimlilig
nedeniyle i¢ fiyatlar tizerinde gii¢lii bir baski olusturdugunu ve fiyat istikrarinin saglanmasinda déviz kuru
yonetiminin kritik bir 6neme sahip oldugunu vurgulamaktadir. Ayrica, analiz sonuglari faiz oranlarinin
enflasyon tizerindeki etkisinin hem istatistiksel olarak zayif hem de biiyiiklik a¢isindan sinirli oldugunu
gostermektedir. Bu durum, faiz oranlarinin uzun vadeli enflasyon kontroliinde tek basina etkili bir ara¢
olmadigini ortaya koymaktadir. Faiz orani ayarlamalarinin enflasyon kontroliinde kisa vadeli etkileri olsa da,
ozellikle Tiirkiye gibi dis soklara duyarli ekonomilerde, bu etkilerin sinirl kaldigr goriilmiistiir. Bu baglamda,
sonuglar, doviz kuru istikrarini saglamaya yonelik politikalarin daha etkili oldugunu ortaya koymaktadir. Déviz
kuru dalgalanmalari, ithalat maliyetlerini artirarak enflasyonu tetiklemekte ve bu da fiyat istikrarini saglamak i¢in
uygulanan politikalarin etkinligini zorlagtirmaktadir. Ozellikle, Tirkiye gibi ithalat bagimlilig yiiksek
ekonomilerde, doviz kuru dalgalanmalarinin enflasyon iizerindeki etkisi daha da belirgin hale gelmektedir. Bu
nedenle, doviz kuru istikrarini hedefleyen politikalar, enflasyon yonetiminde daha 6ncelikli bir alan olarak one
¢tkmaktadir. Son olarak, Fourier tabanli yontemlerin kullanimi, yapisal kirilmalar ve dogrusal olmayan
egilimlerin etkisini modellemekte 6nemli avantajlar saglamistir. Geleneksel ekonometrik yontemlerle analiz
edilmesi gii¢c olan bu tiir etkiler, Fourier tabanl analiz sayesinde daha net bir sekilde ortaya konulmustur. Bu
yontem, ozellikle Tiirkiye gibi gelismekte olan iilkelerde makroekonomik istikrarin saglanmasi i¢in kapsamli ve
esnek politika onerileri gelistirilmesine olanak tanimaktadir.

Sinirhiliklar

Bu calismanin belirli sinirliliklar: bulunmaktadir. Ilk olarak, analiz yalnizca Tiirkiye ekonomisine odaklanmakta
olup, bulgularin diger gelismekte olan iilkeler icin genellenebilirligi sinirli olabilir. Ayrica, kullanilan veri seti,
mevcut resmi istatistiklerle sinirlidir ve bazi potansiyel yapisal kirilmalarin tam olarak yakalanamamasi olasilig
bulunmaktadir. Ek olarak, calismada sadece ii¢ ana makroekonomik degisken (enflasyon, faiz orani, déviz kuru)
ele alinmis olup, diger potansiyel etkileyici faktorler (6rnegin, enerji fiyatlar1 veya dis ticaret verileri) dahil
edilmemistir. Bununla birlikte, bu eksiklikler ¢aliymanin temel amacini ve bulgularinin gegerliligini olumsuz
etkilememektedir. Gelecek arastirmalar, daha genis bir degisken seti ve alternatif modeller kullanarak bu
sinirhiliklar: gidermeyi hedefleyebilir.
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Oneriler

Bu ¢alisma, doviz kuru dalgalanmalarinin enflasyon {izerindeki etkilerini ve faiz oranlarmin siirl etkisini
vurgulamaktadir. Bu bulgular, Tiirkiye’de fiyat istikrarinin saglanmasi i¢in daha kapsaml: ve entegre bir politika
yaklasiminin gerekli oldugunu gostermektedir. Déviz kuru istikrarini saglamak i¢in merkez bankasinin déviz
rezervlerini giiclendirmesi ve doviz piyasasindaki volatiliteyi azaltici politikalar uygulamas: 6nerilmektedir.
Ayrica, ithalat bagimliligini azaltmak i¢in uzun vadeli yapisal reformlar uygulanmalidir. Bu reformlar, enerji ve
sanayi sektorlerinde yerli tiretimi artirmay1 ve dis ticaret agigini azaltmayr hedeflemelidir. Para politikasina
yonelik olarak, faiz orani ayarlamalarinin tek basina yeterli olmadigi goéz Oniine alindiginda, enflasyon
hedeflemesine yonelik biitiinciil yaklasimlar benimsenmelidir. Maliye politikasi ile para politikasinin uyumlu bir
sekilde kullanilmasi, enflasyonla miicadelede daha etkili sonuglar saglayabilir.

Ozgiin deger

Bu ¢aligma, Fourier tabanli ekonometrik yontemleri kullanarak Tiirkiye ekonomisindeki makroekonomik
degiskenler arasindaki iliskileri inceleyen ilk arastirmalardan biridir. Yapisal kirilmalarin ve dogrusal olmayan
egilimlerin etkisini dikkate alan bu yontemler, geleneksel analizlerin dtesine gecerek daha dogru ve giivenilir
sonuglar sunmaktadir. Caligma, Tiirkiye ekonomisinde déviz kuru dalgalanmalarinin enflasyon tizerindeki giiglii
etkisini vurgulayarak, déviz kuru istikrarinin makroekonomik politika agisindan 6nemini ortaya koymaktadir.
Ayrica, faiz oranlarinin enflasyon tizerindeki sinirl etkisini tespit ederek, politika yapicilarin daha genis bir ara¢
seti kullanmasi gerektigini gostermektedir. Bu yoniiyle ¢alisma, sadece Tiirkiye icin degil, benzer ekonomik
kosullara sahip diger gelismekte olan iilkeler igin de uygulanabilir i¢goriiler sunmaktadir. Fourier tabanl
analizlerin sundugu metodolojik yenilik, literatiirdeki mevcut boslugu doldurarak makroekonomik iliskilerin
daha derinlemesine anlagilmasina katki saglamaktadir.
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