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Abstract

This paper introduces the Fourier-LSTAR (FLSTAR) test, which addresses the critical challenge of testing for 
unit roots in time series characterized by both unknown structural breaks and nonlinear dynamics. We propose 
and evaluate this novel unit root test, which integrates a logistic smooth transition autoregressive (LSTAR) 
model with a flexible Fourier function to capture such complexities. Critical values and simulation properties  
of the test are derived, demonstrating its robustness and stable performance across varying conditions. We apply 
the FLSTAR test to annual unemployment rates for CIVETS countries and find that unemployment hysteresis 
holds for most nations, except Colombia, where the plucking model is applicable. These results highlight  
the heterogeneous nature of unemployment dynamics in emerging economies and underscore the importance 
of employing robust testing procedures that accommodate data complexities to avoid misleading policy 
inferences. The FLSTAR test demonstrates superior power and size properties in Monte Carlo simulations, 
offering a valuable new tool for empirical researchers.
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INTRODUCTION
The concept of stationarity is fundamental in time series analysis, as non-stationarity can lead to spurious 
inferences. Although traditional unit root tests, such as the Dickey-Fuller and Augmented Dickey-Fuller 
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(ADF) tests, provided the foundational methodology, they often prove inadequate when applied to real-
world data characterized by complexities such as structural breaks and nonlinear dynamics (Enders, 2014; 
Kočenda and Černý, 2015). Neglecting these features can compromise the reliability of stationarity testing.

Recognizing the limitations of assuming linearity and stability, research has focused on developing 
more robust unit root tests. To address structural changes, particularly multiple and smooth breaks 
of unknown timing and form, Fourier functions have proven effective (e.g., Becker et al., 2004, 2006). 
Concurrently, the prevalence of nonlinear behavior in economic time series (Tong, 2015; Enders  
and Granger, 1988) spurred the development of tests based on regime-switching models. Among these, 
Smooth Transition Autoregressive (STAR) models, particularly their Logistic (LSTAR) and Exponential 
(ESTAR) variants, allow for gradual transitions between different economic states (Teräsvirta and Anderson, 
1992). LSTAR models are especially adept at capturing asymmetric dynamics, such as differing behaviors 
during economic expansions and contractions (Skalin and Teräsvirta, 1999).

While existing approaches have combined Fourier functions with ESTAR models to jointly account  
for structural breaks and symmetric nonlinearity (e.g., Christopoulos and Leon-Ledesma, 2010, 2011; Guris, 
2019; Ranjbar et al., 2018), a notable gap remains in the development of tests capable of accommodating 
both structural breaks and LSTAR-type asymmetric nonlinearity.

This study addresses this gap by proposing a novel two-stage unit root test, termed the Fourier-
LSTAR (FLSTAR) test. Following the methodology of Christopoulos and Leon-Ledesma (2010, 2011), 
the first stage involves removing deterministic components (constant/constant trend) and accounting 
for structural changes in the series using a Fourier approximation. In the second stage, the stationarity  
of these filtered residuals is examined using the LSTAR-based unit root test developed by Pascalau (2007).  
The FLSTAR test proposed herein uniquely combines the strengths of Fourier approximations for capturing 
smooth breaks with the LSTAR framework’s capacity to model nonlinear mean reversion. This explicit 
integration represents a significant advancement over existing approaches, which may exhibit low power 
or size distortions when applied to the complex data generating processes increasingly encountered  
in time series analysis.

The remainder of this paper is structured as follows: next section details the theoretical framework  
of the STAR model, the derivation of the LSTAR-based unit root test, and the integration of Fourier 
functions to account for structural breaks; Section 2 presents the simulation studies, including  
the generation of critical values for the FLSTAR test and an assessment of its size and power properties 
under various conditions; Section 3 presents the empirical application of the FLSTAR test to unemployment 
rates in the CIVETS economies, that is, in Colombia, Indonesia, Vietnam, Egypt, Turkey, and South 
Africa, discussing the findings regarding unemployment hysteresis; Finally, last section concludes  
the paper, summarizing the main contributions, discussing policy implications, and suggesting avenues 
for future research.

1 MODEL
A STAR model is a regime-switching model that allows a time series to transition smoothly 
between two different autoregressive (AR) structures. A STAR model of order p can be represented  
as follows:

 � � � �10 1 20 2
' ' ,t t t t d tY z z F Y e� � � � �� � � � �          for t = 1,…,T,			     � (1)

here, Yt represents the time series variable of interest, and et is a white noise error term, and � �1 1
,..., ,j j j� � � ��  

and � �1
,...,t t t pz Y Y� �

��  denote the AR coefficients for the two distinct regimes (Teräsvirta and Anderson, 
1992). The transition between these regimes is governed by the transition function, F(.), which  
is continuous, and bounded between 0 and 1 as:
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–	 If F  (.) = 0, the model behaves according to the first AR structure (defined by ).
–	 If F   (.) = 1, the model operates under the second AR structure (defined by ).
–	 If 0 < F   (.) < 1, the model’s behavior is a weighted average of the two structures.

The logistic function that can be substituted for F   (.) is defined as:

� � � �� � 1

1 expt d t dF Y Y c�
�

� �� �� � � �� � .                                         			     � (2)

In this function, d is the delay parameter, c is the threshold parameter, and γ is the slope parameter 
(with γ > 0), which regulates the speed of transition between regimes. A large γ creates a rapid, almost 
instantaneous switch (approaching a Threshold Autoregressive Model), while a small γ results in a very 
slow, gradual transition. When γ approaches zero, the LSTAR model simplifies to a standard linear  
AR model (Teräsvirta and Anderson, 1992). Substituting Formula (2) into Formula (1) yields the formal 
LSTAR model:

� � � �� � 1

1 2
' ' 1 expt t t t d tY z z Y c e� � �

�

�� �� � � � � �� �  .           			�    (3)

Following the suggestions of Kapetanios et al. (2003), Teräsvirta (2006), and Pascalau (2007) imposed 
the constraint d = 1 and rearranged the parameters of Formula (3) to obtain:

Δ � �� � 1

2 1
' 1 exp ,t t t t tY z z Y c e� � �

�

�� �� �                     		   	   � (4)

here, 
1

1� �� �  through Formula (4), it is possible to represent the unit root null hypothesis  
as 0 2

0:H �� �� � �  against the alternative hypothesis 1 2
0: 0,H � � �� � � . However, the parameters γ and 

c are not identified under the null hypothesis, precluding a direct test. To address this, Pascalau (2007), 
drawing on Balke and Fomby (1997), and Kapetanios et al. (2003), assumed δ = 0. This assumption 
implies stationarity in the regime where the value of Yt –1 is small (close to zero) and non-stationarity  
in the remaining part of the sample. With this assumption, model (4) was redefined as:

Δ � �� � 1

2 1
' 1 expt t t tY z Y c e� �

�

�� �� � .                 				      � (5)

As unidentified parameters persist under the null hypothesis in Formula (5), Pascalau (2007) imposed 
the constraint c = 0 on Formula (5), applied a third-order Taylor expansion and obtained the following 
testable equation:

Δ                       						        � (6)

here, the unit root null hypothesis 0 1 2
: 0H � �� � , is tested against the LSTAR-type stationarity alternative 

hypothesis. For series with a non-zero mean or a deterministic trend, the data are first de-meaned  
or de-trended before applying this test. 

The Pascalau (2007) test may yield misleading results if the time series contains structural breaks.  
To address this, we adopt the two-stage approach of Christopoulos and Leon-Ledesma (2010), combining 
the LSTAR test with a Fourier function that can approximate smooth and gradual structural changes  
of unknown form. In the first stage, we remove the deterministic components (constant/constant  
and trend) and account for structural breaks by estimating one of the following regressions:

 ,                       			�    (7)

� � � �0 1 2 3
sin 2 / cos 2 /t tY t kt T kt T u� � � � � �� � � � �  .       			�    (8)
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In these models, sin(2πkt/T) and cos(2πkt/T) are trigonometric terms, π is the mathematical constant 
pi, k is the endogenously determined frequency value of the Fourier function, t is the trend term,  
and T is the number of observations. The value of k is not known as a priori. The selection of the optimal 
frequency, k, for the Fourier function is a critical step in the FLSTAR testing procedure. Following Enders 
and Lee (2012), we employ a grid search approach for k, typically ranging from 1 to 5, as higher frequencies 
can capture overly erratic movements. For each integer value of k within this range, Formula (7) or (8) 
is estimated. The optimal k (denoted k*) is then selected as the value that minimizes the sum of squared 
residuals (SSR). After determining the optimal frequency value (k*), the relevant model is estimated  
by substituting k*, and the residuals of this model are calculated as:

� � � �* *

0 2 3
sin 2 / cˆ oˆ ˆˆ s 2 /t tu Y k t T k t T� � � � �� �� � � �� � ,                 	   	   � (9)

� � � �* *

0 1 2 3
sin 2 / cos /ˆ ˆ 2ˆ ˆˆt tu Y t k t T k t T� � � � � �� �� � � � �� � .                		�   (10)

In these models, ût represents the series Yt after demeaning and/or detrending and adjustment for 
structural changes. In the second stage, we test the stationarity of the filtered residuals, using the LSTAR 
auxiliary regression from Formula (5):

Δ 2 4

1 1 2 1
ˆ ˆ ˆt t t tu u u e� �� �  .             						�       (11)

The unit root null hypothesis is again tested with an F-test on 0 1 2
: 0H � �� � . This F-statistic, 

which we term the FLSTAR test statistic, follows a non-standard distribution for which we simulate 
critical values. To handle potential serial correlation, Formula (11) can be augmented with lagged 
values of the dependent variable (Δût–i). If the unit root null is rejected, it implies the series  
is stationary around a deterministic component that exhibits smooth structural changes, with  
an asymmetric, LSTAR-type adjustment process. As a final step, one can test for the significance  
of the structural breaks in the case of stationarity, by applying a standard F-test to the null hypothesis 
that all Fourier coefficients are jointly zero. Critical values for this test are provided by Becker et al.  
(2006).

The parameters for all models within the two-stage FLSTAR testing framework are estimated 
using Ordinary Least Squares (OLS). This choice is both computationally straightforward and statistically 
appropriate for the task at hand. While alternative estimation techniques like the Generalized Method  
of Moments (GMM) exist, OLS is preferred here for its simplicity and efficiency. GMM is more powerful 
in contexts with endogenous regressors or when the model is defined by moment conditions that OLS 
cannot handle. However, in this framework, the regressors in the auxiliary equation are predetermined, 
and the standard assumptions for OLS are met under the null hypothesis. In this context, OLS is equivalent 
to the Method of Moments and is the most direct and efficient method for estimating the parameters and 
constructing the necessary F-statistics.

2 SIMULATIONS
2.1 Critical values
Critical values for the proposed unit root test are derived by applying an F-test to the null hypothesis   

0 1 2
: 0H � �� �  within the framework of Formula (11). This was performed for sample sizes (T) of 50, 

100, and 250, and for T = 1 000 to obtain asymptotic critical values, with 50 000 simulations conducted  
for each scenario. The resulting critical values are presented in Table 1. These critical values were calculated 
for Fourier frequencies (k) of 1, 2, 3, 4, and 5.
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2.2 Power and size properties
In this section, we evaluate the size and power properties of the test. The size of the FLSTAR test measures 
how often the test will incorrectly conclude that a time series is stationary when, in fact, it truly has a unit 
root (is non-stationary). The power of the FLSTAR test measures how likely the test is to conclude that 
a time series is stationary (by rejecting the unit root null hypothesis) when the series truly is stationary. 

To evaluate the size properties of the test statistic, the following data generating process is considered:

1 2 3

2 2
t t

kt kt
T T
� �� � � �

� � � �                                                                     
,  � (12)

ut = ut–1 + εt ,
						�       (13)

Table 1  Critical values

Source: Author's own elaboration

Sample size Frequency
Demeaned Detrended

1% 5% 10% 1% 5% 10%

T = 50

1 7.6106 4.6831 3.5326 6.2567 3.7626 2.7285

2 5.4050 3.2489 2.4240 5.6405 3.4990 2.6102

3 5.1770 3.3523 2.6354 5.4502 3.3081 2.4938

4 5.2799 3.4915 2.7132 5.3878 3.2558 2.4223

5 5.2050 3.4517 2.6894 5.2446 3.2039 2.3736

T = 100

1 7.3603 4.4841 3.3482 4.8159 2.9274 2.2025

2 4.8931 3.0120 2.2789 4.7591 2.9751 2.2754

3 4.9500 3.3577 2.6658 4.6047 2.9373 2.2736

4 5.0904 3.4586 2.7190 4.4998 2.8885 2.2239

5 5.1053 3.4601 2.7079 4.5117 2.8678 2.2177

T = 250

1 7.1524 4.4650 3.3316 3.9219 2.5155 1.9057

2 4.8832 2.9303 2.1815 4.2477 2.7391 2.1073

3 4.9104 3.3582 2.6635 4.2458 2.7586 2.1515

4 5.1057 3.4758 2.7147 4.1749 2.7041 2.0890

5 5.0572 3.4296 2.7014 4.1196 2.7178 2.0912

T = 1 000

1 7.4843 4.4930 3.3351 3.5554 2.2581 1.7120

2 4.8800 2.8837 2.1198 4.0122 2.5739 1.9765

3 4.8594 3.3341 2.6651 3.9854 2.5834 2.0340

4 5.1302 3.4802 2.7397 3.9789 2.6318 2.0289

5 5.0647 3.4680 2.7340 3.9701 2.5823 2.0094
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Data generation process
T = 100

k = 1 k = 2 k = 30

β2 = β3 = 1 0.042 0.046 0.045

β2 = β3 = 0.5 0.045 0.043 0.045

β2 = β3 = 0.1 0.047 0.043 0.045

Data generation process
T = 250

k = 1 k = 2 k = 30

β2 = β3 = 1 0.042 0.046 0.045

β2 = β3 = 0.5 0.042 0.046 0.045

β2 = β3 = 0.1 0.042 0.046 0.045

here, εt denotes standard normally distributed residuals. To assess the size properties, frequency 
values (k) of 1, 2, and 3, sample sizes (T) of 100 and 250 are considered. Additionally, the coefficients  
of the trigonometric terms β2 = β3 are set to 1, 0.5, and 0.1. Values of β2 and β3 close to 0 imply that  
the series approaches linearity. The simulation results are presented in Table 2.

Table 2  Size properties of the test

Note: Computed using 10 000 simulations at the 5% significance level.
Source: Author's own elaboration

As shown in Table 2, the proposed test does not exhibit significant size distortions, with empirical sizes 
remaining close to the nominal 5% significance level across all scenarios. A more detailed examination 
reveals that the empirical sizes are consistently slightly below the 5% nominal level, typically ranging 
between 4.2% and 4.7%. This indicates that the FLSTAR test is slightly conservative. The stability  
of the size properties, even with the inclusion of Fourier terms of varying magnitudes, confirms  
the robustness and reliability of the FLSTAR testing procedure. The magnitude of the trigonometric 
term coefficients appears to have a negligible impact on the test’s size, particularly as the number  
of observations increases.

To determine the power properties of the test, an LSTAR model augmented with a Fourier function 
is considered:

1 2 3

2 2
tt

kt ktY
T T

v� �� � � �
� � �

��
�  

,  			�    (14)

Δ ϵ  .    			�    (15)

The power properties are examined using various parameter configurations: smoothing parameter  
γ = 0.05, 0.1, 1; location parameter c = {–10, –5, 0.5, 10}; Frequency value k = 1 and 2; β = {–1.9, –1.0, –0.2}. 
These evaluations were conducted for sample sizes of 100 and 250 observations, with 10 000 simulations 
performed for each experimental setting.
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Table 3  Power properties of the test

Source: Author's own elaboration

Data generation process T = 100 T = 250

β c γ k = 1 k = 2 k = 1 k = 2

0.05 0.1435 0.2150 0.1742 0.2549

–10 0.1 0.1451 0.2153 0.1725 0.2586

1 0.0206 0.0533 0.0206 0.0665

0.05 0.136 0.2048 0.1638 0.2440

–5 0.1 0.1448 0.2146 0.1750 0.2582

1 0.0516 0.1077 0.0791 0.1597

–1.9 0.05 0.1204 0.2048 0.1449 0.2288

0.5 0.1 0.1260 0.2146 0.1560 0.2372

1 0.2267 0.1077 0.2595 0.3235

0.05 0.0910 0.1512 0.1068 0.1915

10 0.1 0.0661 0.1186 0.0756 0.1561

1 0.0490 0.0547 0.0489 0.0655

  0.05 0.0770 0.1317 0.0862 0.1692

–10 0.1 0.0910 0.1515 0.1065 0.1913

1 0.1268 0.2000 0.1466 0.2321

0.05 0.0777 0.1207 0.0727 0.1571

–5 0.1 0.0694 0.1323 0.0876 0.1726

1 0.1140 0.1859 0.1322 0.2171

–1 0.05 0.0596 0.1075 0.0608 0.1402

0.5 0.1 0.0603 0.1077 0.0649 0.1413

1 0.0843 0.1211 0.0890 0.1590

0.05 0.0843 0.0870 0.0422 0.1083

10 0.1 0.0307 0.0675 0.0289 0.0847

  1 0.0414 0.0461 0.0421 0.0591

0.05 0.0153 0.0379 0.0133 0.0479

–10 0.1 0.0163 0.0417 0.0139 0.0518

1 0.0221 0.0521 0.0203 0.0661

0.05 0.0144 0.0345 0.0122 0.0444

–5 0.1 0.0151 0.0374 0.0127 0.0469

1 0.0188 0.0446 0.0154 0.0515

–0.2 0.05 0.0129 0.0328 0.0107 0.0427

0.5 0.1 0.0129 0.0324 0.0096 0.0419

1 0.0310 0.0385 0.0354 0.0530

0.05 0.0108 0.0281 0.0086 0.0375

10 0.1 0.0090 0.0260 0.0065 0.0326

  1 0.0090 0.0298 0.0294 0.0407
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Examination of the results in Table 3 reveals a significant increase in the test’s power with higher 
Fourier frequency values (k) and larger sample sizes (T). Conversely, the power of the test diminishes 
as the absolute value of the location parameter (c) increases. Furthermore, holding other parameters 
constant, the test’s power decreases as the value of the autoregressive parameter β (representing the speed 
of mean reversion under the alternative) moves closer to zero (i.e., becomes less negative). A notable 
observation from Table 3 states that the overall power of the FLSTAR test can be quite low, particularly 
in smaller samples (T = 100) and for certain parameter configurations. This finding, while a limitation, 
is not unexpected and reflects a well-known trade-off in time series econometrics. Unit root tests,  
in general, are known to have low power, and this issue is often magnified for tests designed to detect 
complex alternatives involving both nonlinearity and structural breaks. 

Several factors contribute to the observed low power: First, when the mean-reversion parameter θ is 
close to zero (e.g., –0.2), the process is “nearly non-stationary.” Distinguishing such a slowly mean-reverting 
process from a true random walk is an inherently difficult statistical problem for any test. Second, power 
is highly sensitive to the location parameter c. When the absolute value of c is large, the time series crosses 
the threshold infrequently. This means the stationary behavior specified by the alternative hypothesis  
is rarely observed in the data, giving the test very little information with which to reject the null. Third,  
the FLSTAR test is designed to detect a highly specific alternative: stationary, asymmetric adjustment 
around a smoothly breaking deterministic trend. The cost of this flexibility is a reduction in power 
compared to simpler tests. If the true nonlinearity is weak (small γ) or the structural breaks are very 
subtle, the test may struggle to distinguish this complex alternative from a simple unit root process. 
Despite these challenges, it is crucial to note that the power systematically improves with the sample 
size, which is a desirable property.

3 EMPIRICAL APPLICATION
Following the first oil shock, observed changes in unemployment rates, particularly in developed 
countries, spurred a significant increase in research aimed at understanding their dynamics. Friedman 
(1968), and Phelps (1967, 1968) proposed that unemployment rates are a stationary process, implying that  
the effects of shocks are temporary, and introduced the natural rate hypothesis to the literature. Conversely, 
Blanchard and Summers (1986) argued that unemployment rates follow a unit root process, where  
the effects of shocks are permanent, thereby introducing the unemployment hysteresis theory. To distinguish 
between these two fundamental hypotheses, unit root tests are extensively employed in the literature  
(see, for example, León‐Ledesma and McAdam, 2004; Yilanci et al., 2020; Ball and Onken, 2022; Dadam 
and Viegi, 2024; Guisinger et al., 2024; Yilanci et al., 2024).

This study examines the validity of unemployment hysteresis in the CIVETS countries using the newly 
introduced Fourier LSTAR (FLSTAR) unit root test. The acronym CIVETS was coined in 2009 by Robert 
Ward, global forecasting director at the Economist Intelligence Unit, who identified these nations  
as a second tier of countries poised to drive economic growth in the subsequent decade. CIVETS comprises 
Colombia, Indonesia, Vietnam, Egypt, Turkey, and South Africa. These countries are generally characterized 
by young and growing populations, as well as diverse and dynamic economies (Geoghegan, 2010).  
The annual data for this analysis were obtained from the IMF e-data service, covering the following 
periods: 1980–2023 for Colombia, South Africa, and Turkey; 1990–2023 for Egypt and Vietnam;  
and 1983–2023 for Indonesia. These specific period ranges were selected based on data availability.  
The analysis is conducted using annual data, a choice motivated by several key considerations. First  
and foremost, the study’s focus is on unemployment hysteresis, a long-run phenomenon concerning  
the permanent or persistent effects of economic shocks over many years. Annual data, by smoothing  
out short-term fluctuations, is well-suited for investigating such low-frequency dynamics. Second, from 
a practical standpoint, annual data provides the longest and most consistent time series available for  
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the CIVETS countries, a crucial factor for the statistical power and reliability of unit root tests that must 
account for structural breaks. While higher-frequency data (e.g., quarterly) could offer insights into 
seasonal patterns and the precise intra-year timing of shocks, it would come at the cost of a significantly 
shorter time span. Furthermore, using annual data avoids potential distortions from seasonal adjustment 
procedures and aligns with the FLSTAR test’s strength in capturing smooth, long-term structural changes 
rather than seasonal cycles. Therefore, annual data are deemed most appropriate for investigating  
the long-run persistence of unemployment in this context.

A related consideration is the choice of the starting periods in the 1980s and 1990s and the inherent 
challenges of using long historical data. We acknowledge that the CIVETS economies and their labor 
markets have evolved significantly over these decades. Furthermore, official statistics are often subject 
to changes in definitions and survey methodologies, making perfect long-run harmonization difficult. 
However, this structural evolution is precisely the phenomenon our study seeks to address. A long time 
series is essential for the statistical power needed to test a long-run concept like hysteresis. Indeed, the very 
premise of employing a Fourier-based test is to formally account for such gradual, long-term evolution. 
The Fourier function is specifically included to capture smooth structural changes, which can arise from 
fundamental economic transitions, demographic shifts, policy reforms, or even implicitly from changes 
in data collection methodologies. Therefore, while we recognize the imperfections of historical data,  
we argue that using the longest available series and employing a methodology robust to structural breaks 
provides a more powerful and insightful analysis of long-run unemployment persistence than would 
be possible with a shorter, more recent dataset.

If the unemployment rates, when examined for stationarity using the FLSTAR unit root test, are 
found to possess a unit root, this indicates the validity of unemployment hysteresis in the respective 
country. Conversely, the rejection of the unit root null hypothesis suggests that unemployment rates can 
be modeled by a stationary LSTAR process. In such instances, the plucking model of unemployment  
is considered applicable. The “plucking model” posits that unemployment rises sharply during recessions 
but falls more slowly during expansions (Suah, 2024). In analyzing these unemployment rates, structural 
changes arising from factors such as labor market reforms, major recessions (e.g., the Global Financial 
Crisis), or demographic shifts will be accounted for using Fourier functions.

We applied the FLSTAR unit root test to the unemployment series of the CIVETS countries; the results 
are presented in Table 4.

Table 4  The results of FLSTAR Unit Root Test

Note: �*, **, and *** denote the statistics significance at the 1, 5, and 10% levels, respectively. The critical value at the 1% level for the F test is 6.730 
(Becker et al., 2006).

Source: Author's own elaboration

Countries Opt. frequency F test FLUR test stat. Opt. lag length

Colombia 1 15.5782* 6.9871** 1

Egypt 4 16.2617* 0.1574 0

Indonesia 1 52.5740* 3.3190 0

South Africa 1 9.7971* 2.1501 0

Turkey 1 19.8331* 2.5861 1

Vietnam 1 69.0721* 2.4196 9
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The findings in Table 4 reveal a notable distinction for Colombia, where the FLSTAR unit root test 
led to the rejection of the unit root null hypothesis at the 5% significance level. Furthermore, the F test  
statistic for Colombia is also statistically significant. This suggests that Colombia’s unemployment 
can be characterized by a stationary LSTAR process; consequently, the plucking model may be  
an applicable framework for understanding its dynamics. In contrast, for the remaining CIVETS countries 
– Egypt, Indonesia, South Africa, Turkey, and Vietnam – the FLSTAR test statistics were not significant. 
Therefore, the null hypothesis of a unit root could not be rejected for these nations, indicating the validity  
of unemployment hysteresis. The persistence of a unit root in these countries, even when analyzed with 
the flexible FLSTAR framework, points to deeper structural issues or stronger hysteresis effects in their 
labor markets. These divergent findings across the CIVETS group, obtained through a unified testing 
framework, highlight that a ‘one-size-fits-all’ approach to labor market policy in emerging markets is likely 
suboptimal. Furthermore, the FLSTAR test’s ability to identify these nuances demonstrates its superior 
practical utility for policymakers and researchers analyzing complex macroeconomic time series. These 
results also imply that the shocks to unemployment rates in countries exhibiting hysteresis are likely  
to have lasting effects. 

CONCLUSION
This study addressed a notable gap in the time series analysis literature by proposing and evaluating  
a novel two-stage unit root test, termed the Fourier-LSTAR (FLSTAR) test. Recognizing the limitations  
of traditional unit root tests in the presence of structural breaks and nonlinear dynamics, the FLSTAR test 
was designed to simultaneously account for multiple, potentially smooth, structural changes via Fourier 
approximation and LSTAR-type asymmetric nonlinearity. The first stage of the test removes deterministic 
components and adjusts for structural breaks in the series, while the second stage employs an LSTAR-
based unit root test on the filtered residuals.

Main contribution of this paper is that it explicitly differentiates itself from and advances upon prior 
methodologies. While Enders and Lee (2012) pioneered the use of Fourier terms to accommodate smooth 
breaks, their test operated within a linear framework and may therefore overlook nonlinear mean reversion. 
Subsequent tests, such as Christopoulos and Leon-Ledesma (2010), and Ranjbar et al. (2018) incorporated 
symmetric ESTAR nonlinearity but could not capture asymmetric dynamics. The FLSTAR test uniquely 
synthesizes these developments by integrating Fourier terms into an LSTAR model, providing the first 
framework for testing unit roots against the alternative of stationarity with both smooth breaks and 
asymmetric adjustment. This is particularly relevant for economic phenomena – such as the “plucking” 
model of unemployment – in which behavior during recessions and expansions differs markedly.

The paper successfully derived new critical values for the FLSTAR test statistic across various sample 
sizes and Fourier frequencies. Subsequent simulation results indicate that the FLSTAR test exhibits  
no significant size distortions, demonstrating stable performance across different magnitudes  
of trigonometric term coefficients and sample sizes. The power of the test increases with higher Fourier 
frequency values and larger sample sizes. However, it decreases as the absolute value of the LSTAR 
location parameter increases or as the coefficients of the Fourier terms approach zero, suggesting reduced 
effectiveness in scenarios with weaker nonlinearity or less pronounced structural breaks.

An empirical application to unemployment rates in the CIVETS countries showcased the practical 
utility of the FLSTAR test. The results indicated that while Colombia’s unemployment rate can 
be characterized by a stationary LSTAR process, supporting the plucking model, unemployment 
hysteresis appears valid for Egypt, Indonesia, South Africa, Turkey, and Vietnam. This heterogeneity 
underscores the necessity of advanced testing methods capable of handling both structural changes  
and nonlinear dynamics, particularly in developing economies where economic and demographic shifts are  
significant.
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The study’s results have important implications for economic policy and research. For countries 
exhibiting hysteresis, such as Egypt, Indonesia, South Africa, Turkey, and Vietnam, structural reforms may 
be necessary to address persistent unemployment, given the permanent impact of shocks. In contrast, for 
Colombia, where unemployment is found to be stationary, temporary measures might suffice to manage 
fluctuations, aligning with the plucking model. 

Looking forward, several avenues for future research emerge from this study. The FLSTAR testing 
framework could be extended and applied to other key macroeconomic and financial time series where 
the interplay of structural changes and asymmetric nonlinearities is theoretically plausible, thereby 
broadening its empirical relevance. Additionally, comparative studies evaluating the performance  
of the FLSTAR test against other recently developed nonlinear and non-stationary testing procedures 
across a wider array of data generating processes would be a valuable addition to the literature, further 
elucidating its relative strengths and limitations.

ACKNOWLEDGMENTS
This study was supported by the Scientific and Technological Research Council of Turkey (TUBITAK) 
1002 – short-term support module under Grant 223K276. The author thanks TUBITAK for their supports.

References

BALKE, N. S., FOMBY, T. B. (1997). Threshold Cointegration [online]. International Economic Review, 38(3): 627–645. 
<https://doi.org/10.2307/2527284>.

BALL, L., ONKEN, J. (2022). Hysteresis in Unemployment: Evidence from OECD Estimates of the Natural Rate 
[online]. International Finance, 25(3): 268–284. <https://doi.org/10.1111/infi.12424>.

BECKER, R., ENDERS, W., HURN, S. (2004). A General Test for Time Dependence in Parameters [online]. Journal of Applied 
Econometrics, 19(7): 899–906. <https://doi.org/10.1002/jae.751>.

BECKER, R., ENDERS, W., LEE, J. (2006). A Stationarity Test in the Presence of an Unknown Number of Smooth Breaks 
[online]. Journal of Time Series Analysis, 27(3): 381–409. <https://doi.org/10.1111/j.1467-9892.2006.00478.x>.

BLANCHARD, O. J., SUMMERS, L. (1986). Hysteresis and the European Unemployment Problem [online]. In: FISCHER, 
S. (eds.). NBER Macroeconomics Annual, Cambridge, MIT Press. <https://doi.org/10.1086/654013>.

CHRISTOPOULOS, D. K., LEÓN-LEDESMA, M. A. (2010). Smooth Breaks and Non-Linear Mean Reversion: Post-
Bretton Woods Real Exchange Rates [online]. Journal of International Money and Finance, 29(6): 1076–1093.  
<https://doi.org/10.1016/j.jimonfin.2010.02.003>.

CHRISTOPOULOS, D. K., LEON-LEDESMA, M. A. (2011). International Output Convergence, Breaks, and Asymmetric 
Adjustment [online]. Studies in Nonlinear Dynamics & Econometrics, 15(3). <https://doi.org/10.2202/1558-3708.1823>.

DADAM, V., VIEGI, N. (2024). Investigating Unemployment Hysteresis in South Africa [online]. South African Journal  
of Economics, 92(3): 331–353. <https://doi.org/10.1111/saje.12366>.

DICKEY, D. A., FULLER, W. A. (1979). Distribution of the Estimators for Autoregressive Time Series with a Unit Root 
[online]. Journal of the American Statistical Association, 74(366a): 427–431. <https://doi.org/10.2307/2286348>.

ENDERS, W. (2014). Applied Econometric Time Series. John Wiley & Sons.
ENDERS, W., GRANGER, C. W. J. (1998). Unit-Root Tests and Asymmetric Adjustment with an Example Using 

the Term Structure of Interest Rates [online]. Journal of Business & Economic Statistics, 16(3): 304–311.  
<https://doi.org/10.2307/1392506>.

ENDERS, W., LEE, J. (2012). The Flexible Fourier Form and Dickey-Fuller Type Unit RootTests [online]. Economics Letters, 
117(1): 196–199. <https://doi.org/10.1016/j.econlet.2012.04.081>.

FRIEDMAN, M. (1968). The Role of Monetary Policy. The American Economic Review, 58(1): 1–17. 
GEOGHEGAN, M. (2010). From West to East [online].  Chambre de commerce de Hong Kong. [cit 3.6.2025].  

<http://www.china-briefing.com/news/wp-content/uploads/2010/04/HSBC-Speech-27Apr10.pdf>.
GUISINGER, A. Y., JACKSON, L. E., OWYANG, M. T. (2024). Age and Gender Differentials in Unemployment and Hysteresis 

[online]. Studies in Nonlinear Dynamics & Econometrics, 28(4): 567–581. <https://doi.org/10.1515/snde-2022-0068>.
GÜRIŞ, B. (2019). A New Nonlinear Unit Root Test with Fourier Function [online]. Communications in Statistics-Simulation 

and Computation, 48(10): 3056–3062. <https://doi.org/10.1080/03610918.2018.1473591>.
KAPETANIOS, G., SHIN, Y., SNELL, A. (2003). Testing for a Unit Root in the Nonlinear STAR Framework [online]. Journal 

of Econometrics, 112(2): 359–379. <https://doi.org/10.1016/S0304-4076(02)00202-6>.



2026

103

106 (1)STATISTIKA

KOČENDA, E., ČERNÝ, A. (2015). Elements of Time Series Econometrics: an Applied Approach. Charles University in Prague, 
Karolinum Press.

LEÓN‐LEDESMA, M. A., MCADAM, P. (2004). Unemployment, Hysteresis and Transition [online]. Scottish Journal  
of Political Economy, 51(3): 377–401. <https://doi.org/10.1111/j.0036-9292.2004.00311.x>.

PASCALAU, R. (2007). Testing for a Unit Root in the Asymmetric Nonlinear Smooth Transition Framework. Department  
of Economics, Finance and Legal Studies University of Alabama, unpublished manuscript.

PHELPS, E. S. (1967). Phillips Curves, Expectations of Inflation and Optimal Unemployment Over Time [online]. Economica, 
35(139): 254–281. <https://doi.org/10.2307/2552305>.

PHELPS, E. S. (1968). Money-Wage Dynamics and Labor-Market Equilibrium. Journal of Political Economy, 76(4, Part 2): 
678–711.

RANJBAR, O., CHANG, T., ELMI, Z. M., LEE, C. C. (2018). A New Unit Root Test Against Asymmetric ESTAR Nonlinearity 
with Smooth Breaks [online]. Iranian Economic Review, 22(1): 51–62. <https://doi.org/10.22059/ier.2018.65349>.

SAID, S. E., DICKEY, D. A. (1984). Testing for Unit Roots in Autoregressive-Moving Average Models of Unknown Order 
[online]. Biometrika, 71(3): 599–607. <https://doi.org/10.2307/2336570>.

SKALIN, J., TERÄSVIRTA, T. (1999). Another Look at Swedish Business Cycles, 1861–1988. Journal of Applied 
Econometrics, 14(4): 359–378.

SUAH, J. L. (2024). The” plucking” Model of the Unemployment Rate Floor: Cross-country Estimates and Empirics. Bank  
for International Settlements, Monetary and Economic Department.

TERASVIRTA, T., ANDERSON, H. M. (1992). Characterizing Nonlinearities in Business Cycles Using Smooth Transition 
Autoregressive Models [online]. Journal of Applied Econometrics, 7(S1): S119–S136. <https://doi.org/10.1002/
jae.3950070509>.

TONG, H. (2015). Nonlinear Time Series Analysis [online]. [cit. 10.6.2024]. <https://encyclopediaofmath.org/images/8/87/
Nonlinear_time_series_analysis.pdf>.

YILANCI, V., OZKAN, Y., ALTINSOY, A. (2020). Testing the Unemployment Hysteresis in G7 Countries: a Fresh Evidence 
from Fourier Threshold Unit Root Test. Romanian Journal of Economic Forecasting, 23(3): 49–59.

YILANCI, V., KIRCA, M., CANBAY, Ş., SAĞLAM, M. S. (2024). Unraveling Unemployment Hysteresis in Nordic Countries: 
a Multifaceted Analysis of Age, Gender and Frequency Differentials [online]. International Journal of Manpower, 45(6): 
1093–1111. <https://doi.org/10.1108/IJM-03-2023-0147>.

ZHOU, J. (2010). Smooth Transition Autoregressive Models: a Study of the Industrial Production Index of Sweden [online]. 
Dissertation. [cit. 1.4.2025]. <https://urn.kb.se/resolve?urn=urn:nbn:se:uu:diva-126752>. 


