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Abstract

Unemployment has considerable economic and social adverse impacts as it is strongly
correlated to inefficiencies and thus it is imperative to understand the unemployment dy-
namics. The literature on unemployment presents three main theories about unemployment
dynamics: the NAIRU, the Hysteresis and the Structuralist hypotheses which are linked to the
presence of unit roots in the unemployment dynamics. Both NAIRU and the structuralism
hypotheses propose that unemployment is a mean-reverting process and thus incompatible
with the presence of unit roots in its dynamics. On the contrary, if unit roots are present, one
may conclude in favour of Hysteresis, implying that unemployment does not tend to return
to equilibrium since any “natural” rate deviations will be permanent. The empirical literature
presents conflicting conclusions on the presence/absence of unit roots in unemployment dy-
namics. The aim of this work is to assess the impact of sampling choices, namely the time
frame and the frequency of the data, on unit-root tests applied to time series of unemployment
rates. For that purpose, we study the unemployment dynamics of 38 OECD countries, from
the first observation available on the OECD database to 2020, using univariate and panel
unit root tests, thus extending results presented in the literature to more extensive samples.
To assess the sensitivity of the unit-root tests to sampling characteristics - time frame and
time frequency - an exhaustive analysis of the tests results is performed, increasing sequen-
tially the sample and considering different univariate and panel unit-root tests. The results
show that the conclusions of most tests are highly sensitive to sampling choices, suggesting
that selecting samples to test for unit root presence in unemployment rates must be made
thoughtfully since the results may influence macroeconomic guidance on the pursuance of

costly stabilization policies and tools.
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Resumo

E imperativo compreender a dinimica do desemprego, uma vez que este esta fortemente
correlacionado com ineficiéncias, provocando adversos impactos sociais e economicos. A
literatura apresenta trés teorias sobre o desemprego: a NAIRU, a Histerese ¢ o Estrutu-
ralismo, relacionadas com a presenca de raizes unitarias na sua dinamica. Tanto a NAIRU
como o Estruturalismo propoem que o desemprego é um processo que retorna ao equilibrio,
sendo incompativel com a presenca de raizes unitarias na sua dinamica. Contrariamente, se
raizes unitarias estao presentes, pode-se concluir a favor da Histerese, implicando que qual-
quer desvio da taxa de “equilibrio” se perpetuara. A literatura empirica apresenta conclusoes
conflituantes sobre a presen¢a/auséncia de raizes unitarias na dindmica do desemprego. O
objetivo da presente dissertagao ¢é avaliar o impacto da escolha da amostra, nomeadamente o
intervalo de tempo e a frequéncia dos dados, nos testes de raizes unitarias aplicados a séries
temporais de taxas de desemprego. Para tal, avaliamos a dinamica do desemprego de 38 paises
da OCDE, desde a primeira observacao disponivel na base de dados da OCDE até 2020,
usando testes de raiz unitaria em contexto univariado e de dados em painel, estendendo re-
sultados apresentados na literatura a amostras mais extensas. Para avaliar a sensibilidade dos
testes as caracteristicas da amostra — intervalo e frequéncia temporal — realizamos uma analise
exaustiva dos resultados dos testes, aumentado sequencialmente a amostra e considerando os
diferentes testes de raizes unitarias. Os resultados demonstram que as conclusoes da maioria
dos testes apresentam forte sensibilidade as escolhas de amostragem, sugerindo que a se-
lecao das amostras para testar a presenca de raiz unitaria nas séries do desemprego deve ser
feita cuidadosamente, uma vez que os resultados podem influenciar a tomada de decisdo de

dispendiosas politicas macroeconémicas de estabilizagao do desemprego.

Cédigos JEL: C12; C52; C80; E24; J64

Palavras-chave: Desemprego, Raizes Unitarias, Caracteristicas da amostra, OCDE
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Chapter 1
Introduction

Unemployment has considerable economic and social adverse impacts as it is strongly
correlated to inefficiencies. It jeopardises the long-run economic growth and increases re-
distributive pressures and distortions at the economic level, rising poverty and inequality, and
limiting labour mobility. At the social level, unemployment can impact the mental distress of
the unemployed individuals, resulting in the loss of the workers’ skills, leading to the lack of
human capital or, ultimately, it can cause civil unrest. Accordingly, it becomes imperative to
understand the unemployment dynamics, so that policies that counteract this undesirable phe-
nomenon can be implemented and insights for well-designed macroeconomic policy-making
can be provided.

The literature on unemployment presents three main theories about unemployment dy-
namics: the NAIRU, the Hysteresis and the Structuralist hypotheses.

Authors such as Friedman and Phelps (Friedman, 1968; Phelps, 1967, 1972) argue that
macroeconomic shocks affect the unemployment rate temporarily, implying that unemploy-
ment follows a stationary, mean-reverting process. Thus, a shock, such as technological de-
velopment or monetary policy changes, does not affect the natural rate of unemployment
associated with an equilibrated labour market. Additionally, the concept of persistence in
the unemployment rate, also known as the NAIRU (Non-Accelerating Inflation Rate of Un-
employment) hypothesis, states that the usually slow speed of adjustment observed in the
unemployment rate towards the long-run equilibrium can be explained by real wage rigidities
and union behaviour.

On the other hand, Blanchard and Summers (1986, 1987) introduce the concept of hys-
teresis under which transitory shocks permanently affect the level of unemployment, i.e., any
deviations of unemployment from its “natural” rate will be perpetual. According to them, this
definition justifies the rationales such as the insider-outsider theory and the adverse impact
of unemployment on human and physical capital stocks, mostly during high and persistent

unemployment periods. Blanchard and Summers (1986) argue that current employees have



all the bargaining power in the wage-setting, setting the wages above the market-clearing equi-
librium, leaving no opportunities for the unemployed in the labour market. Phelps (1972) and
Pissarides (1992) emphasise that the unemployed population’s skills may depreciate since they
find obstacles in adjusting workers’ skills to those demanded by the available jobs. Long-term
unemployment gives a wrong signal to employers about unemployed people, undermining fu-
ture employment, and might increase the irrational behaviour of unemployed citizens, like the
decrease in job searching, resulting in the deterioration of the human capital stock.

The structuralist theory of Perron (1989); Phelps (1994) presents an alternative to the
hysteresis hypothesis. This theory implies that some occasional shocks, such as technological
development, monetary and fiscal policy adjustments, lead to permanent changes in the equi-
librium rate of unemployment, even though most of these shocks are temporary, i.e., unem-
ployment is described by a stationary process subject to occasional but permanent structural
changes.

The dynamics of the unemployment data are usually assessed via unit root tests. Both
NAIRU and the structuralism hypotheses propose that unemployment is a mean-reverting
process and thus incompatible with the presence of unit roots in its dynamics. On the con-
trary, if unit roots are present, one may conclude in favour of Hysteresis, implying that un-
employment does not tend to return to equilibrium since any “natural” rate deviations will be
permanent.

Even though it may appear simple to conclude on the unemployment dynamics, re-
searchers have no consensus on which theory suits better unemployment dynamics. In fact,
some studies provide empirical evidence for the natural rate hypothesis, meaning that the
unemployment rate follows a mean-reverting process, i.e., stationary series, such as in Bolat,
Tiwari, and Erdayi (2014); Camarero and Tamarit (2004); Furuoka (2017); Khraief, Shah-
baz, Heshmati, and Azam (2020). Other authors, however, provide empirical evidence in
favour of hysteresis in unemployment dynamics, i.e., nonstationary series, such as Bakas and
Makhlouf (2019); Chang (2011); Chang, Lee, Nieh, and Wei (2005); Ener and Arica (2011); H.-
Y. Lee, Wu, and Lin (2010). Furthermore, some empirical investigations conclude in favour
of the structuralist hypothesis, like Ayala, Cunado, and Gil-Alana (2012); Franchi and Oz-
donez (2008); C.-C. Lee and Chang (2008). Meanwhile, it is crucial to note that these studies
rely on either different unit root testing methodologies or different samples, which provides
the rationale to explain the discrepancies in the conclusions on the unemployment dynamics
present in the literature.

The first unit root test was introduced in 1979 by Dickey and Fuller (Dickey & Fuller,
1979). Since then, numerous alternatives have been developed and proposed in the literature
to improve the performance of the tests and account for more complex dynamics in the

data—generating processes.



The present research categorises the unit root testing framework into univariate and panel
environments. The univariate tests use the information of an individual (country) to conclude
individually for unit roots in a sample. The panel framework analysis corresponds to using a
series of multiple individuals simultaneously to conduct the tests, where the conclusions are
dependent on all individuals in the sample.

The standard unit roots tests under the univariate framework include the Dickey-Fuller
test (Dickey & Fuller, 1979) and its augmented version (ADF) (Said & Dickey, 1984), devel-
oped to deal with the serial correlation of the error by including lagged terms of the dependent
variable in the regression. These tests and those developed by Phillips and Perron (1988) -
PP test - and Elliott, Rothenberg, and Stock (1996) - DF-GLS test - state in the null hypothe-
sis presence of the unit root (non-stationarity) and its absence (stationarity) in the alternative.
Kwiatkowski, Phillips, Schmidt, and Shin (1992) propose the KPSS test considering stationar-
ity as the null hypothesis and non-stationarity in the alternative. Kwiatkowski et al. (1992) and
Choi (1994) suggest combining tests with distinct null hypotheses to confirm the conclusion
about unit-root presence.

The research developed by Perron (1989) is the milestone to accept that the standard
unit root tests are biased toward the non-rejection of the unit root null hypothesis when the
presence of a structural break characterises the sample; thus, other researchers also developed
unit root tests considering structural breaks to handle the biases. The test developed by Bai
and Perron (2003) is the most widely used used test to control for time series structural breaks.
Perron (1990, 1997), Zivot and Andrews (1992), and J. Lee and Strazicich (2003, 2004) present
unit root tests that account for the changes in parameters caused by structural breaks.

Panel unit root tests were developed to tackle the issue of the low power observed in the
univariate framework analysis. Two generations of panel unit root tests may be defined. Tests
of the first generation were developed under the assumption of cross-sectional independence
between the individuals in the sample. While some of these tests have non-stationarity as the
null hypothesis — Maddala and Wu (1999), Choi (2001), Levin, Lin, and James Chu (2002)
and Im, Pesaran, and Shin (2003) - others have stationarity as the null hypothesis - Hadri
(2002). The second generation of tests allows for cross-sectional dependency between the
individuals in a sample, such as the tests developed by Moon and Perron (2004), Bai and
Ng (2004), Chot (2006) and Pesaran (2007). Neither of the previously mentioned tests takes
into account structural breaks. Therefore, some authors developed panel unit root tests that
consider possible structural breaks and cross-sectional dependency - Im, Lee, and Tieslau
(2005), Westerlund and Edgerton (2008), Banerjee and Carrion-i Silvestre (2015), and more
recently, Arsova and Karaman Orsal (2021).

Since no empirical investigations assess the effects of the time span and time-frequency

choices in the results of the unit-root tests, the present dissertation focuses on these issues



by examining unemployment dynamics in the 38 OECD countries. The investigation con-
tributes to the existing literature by (i) applying a vast battery of unit root tests to more ex-
tensive samples than those used in previous empirical studies; (i) detecting how the sampling
frequency and time spans might produce distinct unit-root tests conclusions.

The results of this work provide insights to future research on unit root analysis, which
is essential for macroeconomic guidance about pursuing costly macroeconomic stabilisation
policies and tools.

The dissertation is organised as follows: Section 2 introduces the fundamental concepts
and reviews the literature regarding unit root tests on unemployment dynamics analysis; Sec-
tion 3 displays the data used for the investigation, the unit root tests under analysis and applied
econometric methodologies; Section 4 discusses the empirical results. Concluding remarks

are given in Section 5.



Chapter 2

Literature Review

2.1 Fundamental concepts

Before proceeding to the literature review, a brief introduction of five fundamental con-
cepts is relevant: unemployment rate, stationarity, unit root processes, structural breaks and

cross-sectional dependence.

2.1.1 Unemployment Rate

Unemployment rate, as defined by Eurostat!, is the ratio between the number of unem-
ployed persons and the labour force - represented by the sum of the employed and unem-
ployed citizens.

According to Eurostat, unemployed persons are “all persons 15 to 74 years of age (16 to
74 years in ES, I'T and the UK) who were not employed during the reference week, had actively
sought work during the past four weeks and were available to begin working immediately or
within two weeks.” Alternatively, a person is considered to be employed if has “worked at least
one hour for pay or profit during the reference week or were temporarily absent from such
work” (Eurostat). The labour force corresponds to the sum of unemployed and employed
citizens.

Thus, unemployment rate in a certain time, Uy, is formulated as follows:

_ Unemployed Citizens

Uy
Labour Force

2.1.2 Stationarity

Stationarity is a fundamental notion for studying time series, as it qualifies robust analytic

procedures by providing statistical stability or equilibrium to the series. Different forms of

1https://e(:.europa.eu/euro'stat/cache/1rnetadattat/EN/lfsi_esms.1r1trn¥3}5ur1it_rneasurf:l 645711702136


https://ec.europa.eu/eurostat/cache/metadata/EN/lfsi_esms.htm#unit_measure1645711702136

stationarity are defined, depending either on the statistical properties that are restricted or the
applied procedures to achieve it.

A time series is considered strictly stationary if the joint distribution of X3, ..., Xy, is the
same as the joint distribution of Xy, 4, ..., Xy, 4+, forall {1, ..., t,, and 7. Therefore, shifting
time by a random value does not change the process’s distribution, i.e., the probabilistic be-
haviour is the same across time. Therefore, the parameters that characterize the distribution
of the process depends on the lag (7) and do not depend on ¢, Maddala and Kim (1999).

Being defined in terms of the distribution function, stationarity is difficult to verify, thus
the concept defined in terms of moments is favoured. Weak, covariance or even second-order

stationarity is characterized as follows:

E[X)] = E[X,] = u
VXY =VIX}, =0

2

COU<Xt17 Xt2> = COU(Xt1+T7 Xt2+7—) = Vtito = V7

The covariance-stationarity restricts the mean and variance of X; to be finite and invariant
in time, and the covariance to be a function of the time distance, ¥4, +,, between two distinct
observations T = ¢} — t, i.e., the autocorrelation function depends only on the lag between
the observations. This form of stationarity is preferable in modelling time series since it is
equivalent to strict-stationarity when the series follows the normal distribution and imposes
fewer restrictions while guaranteeing statistical results viability.

Furthermore, a trend-stationary process materialises when an underlying trend is a pre-
dictable deterministic component displaying linear or quadratic dynamics that can be re-
moved, resulting in a stationary process (Maddala & Kim, 1999). In the presence of a shock,
a considerable and quick shift to the value of the series, a trend-stationary process is mean-
reverting, i.e., over time, the series will converge to the mean, which remains unaffected by
the shock.

2.1.3 Unit root processes

A random walk represents the prototype for a unit root process (Pfaff, 2008). A unit root
time-series process displays an unpredictable systematic pattern, leading to distorted analysis

and forecasts. A pure random walk without drift is defined as follows:

t
yt:yt—1+5t:yo+25t

s=1
Where ¢, is a white noise (set of independent and identically distributed, zero mean ran-

dom variables). If it is assumed that yy = 0, and the white noise process is independent of ¥,



then Fly;] = 0 and var(y;) = to?. Since the variance grows with time, a random walk is a
non-stationary time series. Note that Ay, = y;—y;—1 = € and so the first difference of a ran-
dom walk is stationary. Thus, by differencing the time series, stationarity is achieved, with the
mean and variance of the process being constant over time. A non-stationary process trans-
formed into a weakly-stationary process by differencing is said to be a difference-stationary
process. A process that has to be differenced d times in order to achieve weak stationarity
is said to be integrated of order d, denoted by I(d) (Engle & Granger, 1987). To assess the

value of d and therefore stationarity, researchers rely on unit root tests.

2.1.4 Structural breaks

Unexpected shifts in the process parameters that rule the time-series dynamics lead to
effects known in the literature as structural breaks. External events are the leading cause of
the changes, provoking significant alterations in the time-series pattern. A structural break
can be represented by dummy variables formulating the changes in parameters as follows
(Zivot & Andrews, 1992):

ye =+ pt+60DU, + DT, + ¢

where DU, is a dummy vatiable capturing a shift in the intercept, DU, = 1ift > T'B, and
zero otherwise. T'B corresponds to the break moment. DT} is a dummy variable capturing
the shift in the trend, where D1, =t — T'B if t > T'B, and zero otherwise.

2.1.5 Cross-sectional Dependence

When conducting investigations that resort to panel data (time series of various indi-
viduals), the concept of cross-sectional dependence, denominated as CSD, is crucial. The
individuals of the panel can be correlated since some common factors, such as oil prices,
interest rates’ movements and watfare states, affects all of them in diverse levels.

Whereas some tests do not account for this characteristic, denominated as first-generation
panel unit-root tests, others make this consideration when analysing time series, designated

by second-generation unit-root tests.



2.2 Empirical studies of unemployment dynamics

Numerous empirical studies have investigated unemployment dynamics in OECD coun-
tries by scrutinising unit root properties of the unemployment rate. Availability of data and
the significant international impact of the organisation explains the large number of OECD
based studies. While some authors conclude in favour of the hysteresis hypothesis, others
reject it, and a third group supports the structuralist theory by controlling for the presence
of structural breaks. Table 2.1 displays a summary of OECD based studies

The table evidences that even identical univariate unit root tests lead to different conclu-
sions. For example, Mitchell (1993) finds unit roots in all time series except in Italy, con-
cluding for the hysteresis hypothesis for almost all countries under analysis. Roed (1996) and
Roed (2002) also conclude that the hysteresis thesis better describes unemployment dynamics
except for the USA. Roed reduces the number of analysed countries from the former to the
latter study because the 2002 research also includes the assessment of unemployment and
vacancy rates effects on inflation dynamics, and a limitation of data is present, which requires
a reduction in the countries for the analysis. Féve, Hénin, and Jolivaldt (2003) performs the
same methodology as in Reed (2002) and adds eleven countries for unit root presence exami-
nation. The investigation achieves a contradictory conclusion for Canada in respect to Roed’s
study, but overall also favours the hysteresis hypothesis for most countries. It is worth high-
lighting that the main differences between these studies are the samples’ period and frequency
characteristics, reinforcing the importance of detecting whether and how these characteristics
impact the tests’ conclusions.

When controlling for structural breaks in univariate analysis, Papell, Murray, and Ghiblawi
(2000) tind evidence favouring the structuralist thesis for ten countries, where an unit root is
not identified and thus hysteresis is rejected. C.-C. Lee and Chang (2008) performs a simi-
lar methodology and selects higher sampling spans to avoid seasonal adjustments and short
sample periods shortcomings. For the limitation of data availability, there is a reduction in the
number of countries under analysis. The investigation finds that a unit root is not present in
all time series, favouring the structuralist thesis for all countries. Contradictory conclusions
are present for all countries where Papell et al. (2000) find unit root presence, favouring the
hysteresis hypothesis. The sample span is considerably different, and the number of consid-
ered breaks is distinct: the first study considers one break while the second examines between
two and four. These differences explain the divergent conclusions and reinforce the necessity
of studying the sample span impact on unit-root tests results.

Resorting to first generation panel unit root tests as central methodology, Song and Wu
(1998) firmly reject the hysteresis in unemployment. Camarero and Tamarit (2004) engage

in a similar strategy and reach the same conclusion. Regardless, the authors apply panel



unit root test allowing individual analysis and find unit root presence for seven countries thus
favouring the hysteresis hypothesis. Camarero, Carrion-i Silvestre, and Tamarit (2006) employ
univariate and second generation panel unit root tests, simultaneously considering structural
breaks in the data-generating process. The results evidences for unit root absence both in
the panel and the country-by-country analysis, favouring the natural rate hypothesis and the
structuralist thesis when accounting for structural breaks. J.-D. Lee, Lee, and Chang (2009)
achieve the same conclusion of hysteresis rejection, while applying similar methodology. The
results depict the invariability of the tests outcomes to different approaches, and the variability
regarding the different assumptions, such as the presence of structural breaks and cross-
sectional dependency or independence.

The sample selection depends on the data available at the commencement of the study
and the requirements of the tests, with some panel unit-root tests demanding balanced data,
i.e., equal number of observations without ruptures in the sample. The prolonged study pe-
riod and the longstanding interval between the study termination and its revision and official
publication explain the disparity between the last year of analysis and the publication moment.

Using similar samples (time spans and frequencies), various authors can reach different
conclusions concerning unemployment dynamics in OECD countries, explained by different
assumptions about the number of structural breaks, the employed unit root tests, and the

characteristics of the panel data (cross-sectional dependence or independence).



SYeaIq yum

paroaloy £preax ¥00Z - 0961 61 (6002) Te w1 [
$1591 3003 J1un [oued pue NeLEATUN)
sy[ea3q TeImy ¥00C (8002)
paroaloy Apeag vl
-ONIIS YIIA $1S91 300 I[UN IIBIFLATU ) - (3sore9) GQ]T Suey) pue 297 -0
wﬂw\ﬁ.mﬁw %H-QSOU mvjwuv@ Mwuﬂuuﬂwﬁm WQN MOON
A[reax 61 (9007) e 10 ozaTRWIE))
-Aq-Axunod pue pued ur paldaloy  (ISD YPIM $159) [oued PUE 2IBIFEATU) - (3sa11389) 9661
SILUNOD UDAIJS UT pawiiy AAVANS (¥002)
. Apreax 100T - 9561 61
-U0d - JAVYNS ‘PaelY - JAVIN + {av  pued auol)  Javin WIPWY], PUE OJOIEWE)
VSN PUE SPUvEOyoN 6661 .
. SSAY + AV Aporreng) 1C (€00T) Te 12 249,
epeue)  FoJ 1dodoxo  powrIuo)) - (3sa17e9) 9961
661
VS 03 3dooxs pawrsguo)) SSa + AV Apeag 01 (2002) Py
- (3s917389) 0961
$ALUNOD U} UT padloy 2 y7 Apeax L66T - SS61 91 (0002) Te 32 [deq
paroaloy 1591 3003 31U [PUT] Lparrengy 2661 - 0L61 ST (8661) nA\ pue Suog
SILUNOD JNoJ Ur S3nsat sno 1S9 %uﬁdﬁ@ﬁ.ﬁm
g . Aparreng) Y661 - 0L61 91 9661) Pooy
- H—Eaﬂ <WD MOm uQUUM@ @uEMGGOU @OOEEOM.& wWnWIXew 138X + mgaﬂ
1661
Aery 303 3da0%0 pawguo) $3893 dd + AAV Aparreng) ST (€661) TPYHIN
- (3s91389) 0961
s1sk SN
UOISN[OU0D SISIINSAH] K3o[opoyroN Kouanborxy (s)soyqiny
-Teuy Jo syeax -uno)

sarpas paseq (IDHO JO Arewrwuns y g S[qeL,

10



Chapter 3
Data and Methodology

This chapter describes the data to evaluate unemployment dynamics in OECD countties,
the unit root tests applied to the time series, and the methodology employed to conduct the
study and achieve the conclusions.

To denote the unemployment rate time series throughout the study we use u; as notation.

3.1 Data

We study unemployment dynamics in thirty-eight OECD countries by examining their
unemployment time series. These experiments are performed using data collected from the
OECD database on 16/11/2021. Table 3.1 displays the countties under consideration and
the first observation available. The last observation under examination corresponds to the
last observation of the year 2020, and there is no missing observations in the time frame for
all countries.

For fourteen countries there is not enough yearly data observations to apply all the meth-
ods, which hinders part of the analysis. The fourteen countries are: Colombia, Costa Rica, Es-
tonia, Greece, Hungary, Iceland, Israel, Latvia, Lithuania, Poland, Slovakia, Slovenia, Switzer-
land and Turkey.

For New Zealand and Switzerland, there is no monthly data.

Country  Start | Country Start | Country Start
Australia 1979 | Greece 1999 | Norway 1989
Austria 1993 | Hungary 1996 | Poland 1997
Belgium 1983 | Iceland 2003 | Portugal 1983
Canada 1955 | Ireland 1983 | Slovakia 1998
Chile 1986 | Israel 2012 | Slovenia 1996
Colombia 2007 | Italy 1983 | South Korea 1990

11



Country  Start | Country Start | Country Start
Costa Rica 2011 | Japan 1955 | Spain 1987
Czechia 1993 | Latvia 1999 | Sweden 1983
Denmark 1983 | Lithuania 1999 | Switzerland 2010
Estonia 1997 | Luxembourg 1983 | Turkey 2005
Finland 1988 | Mexico 1987 | United Kingdom 1983
France 1983 | Netherlands 1983 | United States 1955
Germany 1991 | New Zealand 1986

Table 3.1: OECD counttries and first observation available

3.2 Unit root tests under study

This section introduces the unit root tests, both univariate and panel, considered in this
study. The tests considered in this study are chosen for two main reasons: they are imple-
mented credibly in software such as R and STATA, and represent the primordial unit root

tests in the literature, having served as the basis for developing more complex tests.

3.21 Univariate Environment
Dickey-Fuller and Augmented version of the test

Dickey and Fuller (1979) develop the first test for assessing the presence of a unit root in

a time series. Considering the model:

ug = DTy +yup1 + &

where wu; is the unemployment rate, DT} is a deterministic component (zero, drift, drift plus
trend), and &; is the error term described as a white noise process with mean 0 and variance
02, the hypotheses of interest are the unit root presence Hy : 7 = 1 against the stationary
alternative [y : v < 1.

In order to facilitate the test, u;—; is subtracted to both equation sides:

Aug =uy —uy_1 = DTy + puy_1 + €

The test hypotheses become Hy : p = 0 equivalent to Hy : 7y = 1 against the alternative
hypothesis H; : p < 0 equivalent to H; : v < 1
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The Dickey-Fuller test assumes error homogeneity, an assumption that is commonly vi-
olated. To overcome this issue, Said and Dickey (1984) augment the test with higher-order
differences (lags) of the dependent variable for residual structure correlation correction. Thus,

the augmented Dickey-Fuller test exploits the following model specification:

K
Auy = DT + puy—1 + Z BiAu_j + &
j=1
where K is the lag-augmentation with &, ~ iddN (0, 02), a set of independent and identically
distributed white noise process with a normal distribution of mean 0 and variance 0. If no
correction is made to account for the serial correlation of the errors, K = 0, one obtains the
standard Dickey-Fuller test.

The model can be constructed under three deterministic component assumptions:

K
Auy = a+fBt+pu_i+ Y Bidu_;+eg 3.1)
j=1
K
Auy = a+pu_i+ Y Bidu_j+e (3.2)
j=1
K
A'th = pPUi_1 -+ ZﬁjAut,j + & (33)
j=1

In 3.1, a time trend plus a drift formulate the deterministic component while in 3.2 only a
drift formulates the deterministic component and in 3.3 there is no deterministic component.

There are, in the literature, different testing procedures concerning the employment of
the DF and ADF test. While some suggest starting with the less-restrictive model, equation
(3.1), others recommend starting with the most restrictive model, equation (3.3). Applying
the procedure proposed by Pfaff (2008) and displayed in Figure 3.1, one may conclude that
either the series is stationary around a zero or non-zero mean or stationary around a linear
trend or the series contains a unit root with a zero or a non-zero drift.

The unit root null hypothesis is tested using a conventional t-ratio for p. However, the
test does not follow a conventional distribution, and one needs to compare the test statistic

with critical values derived in Dickey and Fuller (1981).
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Figure 3.1: Pfaft (2008) ADF procedure

KPSS test - Kwiatkowski, Phillips, Schmidt and Shin

Kwiatkowski et al. (1992) propose a Lagrange Multiplier (LM) test for assessing either
trend or level stationarity. The null hypothesis here is that of stationarity, opposing the ADF

test unit root null hypothesis. The KPSS test considers the following model formulation:
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Uy = €t+7’t+€t

Ty = Ti1

where €, is stationary and r; is a random walk with an error term i, that is assumed to be zid
~ (0, 02). The initial value of 7 is fixed to 7y, representing the intercept (level).

The null hypothesis states that the error term variance is constant, H : Ui = 0, leading
to stationarity of the time seties. If { = 0, the model frames a constant as the deterministic
regressor; otherwise, it formulates the deterministic component with a constant plus a trend.
Under the null hypothesis, and since &, is stationary, u; is either level-stationary (§ = 0) or
trend-stationary (€ # 0).

To calculate the test statistic, we first need to regress u; as above, and calculate its residuals

partial sums € as follows:

t
St — Zé“t:].,,T
i=1

The test statistic is defined as:

by S
o2
with 62 being an estimate of the error variance from the first step.

Then we compare the LM test statistic with tabulated critical values, concluding on the
stationarity of the series.

The general rule about statistical testing states that it is impossible to prove a null hy-
pothesis, only affirm it. However, if the test rejects the null hypothesis, it is conceivable to
guarantee that it is not valid. Thus, taking the null of stationarity represents a conservative
strategy by placing the hypothesis of interest in the alternative. Pfaff (2008) argues that if the
results of the ADF test indicate the presence of a unit root, but the KPSS result contradicts

it, the researcher should be cautious and decide on the KPSS test conclusion.

Elliott-Rothenberg-Stock - DF-GLS test

Elliott et al. (1996) propose an alternative to solve the issue of the ADF and KPSS tests
low power when the data-generating process has an autoregressive parameter close to the
unity. To that end, they propose to first detrend the data using a generalised least squares
(GLS) procedure and then applying the ADF test.

15



The null hypothesis is that u; is a random walk, possibly with drift, and two alternative
hypotheses arise: u; is stationary around a linear time trend, or u; is stationary with a pos-
sible non-zero mean. Under the first alternative hypothesis, a GLS regression estimates the

intercept and trend by generating new variables, u;, T+ and 2; defined as follows:

(4 Uy
&t: Ut—Oé*Utfl,t:2,...,T

z=1t—a*(t—1),
a*=1-(13.5/T),

Then, an OLS regression estimates the equation: u; = dox¢ + 612 + €4, where the OLS

estimators 0p and 01 remove the trend from wu; by generating:

uf = uy — (6 + 01t) (3.4)

Finally, an ADF test is applied to the transformed variable, u;. This procedure is denom-
inated as GLS detrending.

Under the second alternative, define a* = 1 — (7/7'), and eliminate z from the GLS
regression (3.4), computing u; = Uu; — 0. Afterwards, one needs to fit the augmented
Dickey—Fuller regression to the above variable, and perform the test Hy : = 0, compatring
the test statistic with the tabulated critical values to conclude on the unit root presence. This

procedure is denominated as GLS demeaning,

Zivot and Andrews - ZA - Unit root test

Zivot and Andrews (1992) design a framework to assess the presence of a unit root in
a time series when one structural break is present in the DGP. The procedure consists in
endogenously determining the time break (from now on TB) by using a data-dependent al-
gorithm to dictate the position of the break point. The TB is the one that minimises the
one-sided t-statistic of the null hypothesis: p = 1 in models A, B and C in equation (3.5.
Therefore, the break occurs in the least favourable point for the unit-root presence null hy-
pothesis.

To test for the presence of a unit root against the alternative of stationarity with a one-
time structural break in the data-generating process, Zivot and Andrews use the following

hypotheses:
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Hy U =+ U1 + €

H, :

Model A: Au; = a+ St +60DUL; + pus_1 + 2521 ciAu_j +e (3.5)
Model B: Awu; = a+ St +~vDT1; + puy_1 + Ele ciAuy_; + &

Model C:  Au; = a+ St +0DU1; +~vDT1; + pus_q + Z?Zl ciAu_j + &

whete DU, and DT} are dummy variables that capture intercept and trend breaks, respectively,
formally represented in 3.6 and 3.7. Thus, while model A allows for a one-time shift in
the intercept, model B only entitles a one-time change in the slope of the trend function.

Furthermore, model C qualifies a shift in the intercept and a broken trend.

1, ift >TB;

0, otherwise.

t—TB, ift>1TB,;
DT, = (3.7
0, otherwise.

While the models’ null hypothesis states p = 0, implying unit root series with drift with-
out any structural break, i.e., a random walk with drift and without breaks, the alternative
hypothesis states p < 0, indicating a trend-stationary with one break series. The break can
be in the intercept, trend or both deterministic components and the null hypothesis rejection

occurs when p is statistically significant. Thus, this model allows the confrontation between

the hysteresis and structuralist hypotheses.

3.2.2 Panel Environment

Levin Lin and Chu - LLC test

Levin et al. (2002) propose the LLC test that assesses the unit root presence in panel
data by using the information of various individuals of the sample to execute the test. As
a first-generation panel unit root test, cross-sectional independence is the main character-
istic, furthermore considers homogeneous lagged dependent variable coefficients across all
selected individuals, thus basing the analysis on the pooled estimator of the autoregressive
parametet, p. Regarding the unemployment rate observed on 1" periods, for IV countties, the

model can have the following formulations:

DPi
Ay = piie—y+ Y Bioluie s + &5 (3.8)

z=1

17



Pi
Aujp = oG + puj—q + Z Bi Ay + €y (3.9)

z=1

Pi
Auip = a; + 05t + puie—1 + Z Bi At + €iy (3.10)

z=1

The difference between the models relies on the individual exogenous variables that are
under consideration. Whereas model 3.8 attributes no individual exogenous variables, model
3.9 assigns individuals intercepts, and model 3.10 ascribes individuals intercepts and time
trends as exogenous variables.

For all individuals and obsetrvations the etrors ;4 ~ #.d.(0, U?i’t) are assumed to be
independent across all the units of the sample. The hypotheses of interest are (respectively
for models 3.8, 3.9 and 3.10):

Hy:p=0

Hy:p=0Nao; =0,V1
H :p<OANa; €R

Hy:p=006;=0,Vi
Hi:p<OAd €R

The restrictiveness occurring in both hypotheses implies identical autoregressive param-
eters (for instance, convergence/divergence of growth models happening at the same rate)
between the individuals in the panel, a condition usually not satisfied. This restricts all individ-
uals in the sample as unit-root processes, favouring the hysteresis hypothesis, or as stationary

processes, supporting the NAIRU hypothesis.

Im, Pesaran and Shin - IPS test

The IPS test of Im et al. (2003) also belongs to the first-generation panel unit root tests,
characterised by cross-sectional independence. Similarly to the LLC test, and considering
individual effects with no time trend, and individual effects with time trends as exogenous

variables, the IPS test is based on the following formulations (respectively):

Di
Aui,t = + Pilli—1 + Z 5i,zAUi,t—z + €it (3.11)
z=1
Di
Auy = oy + 4t + piti—1 + Z BiAUip—. + €y (3.12)
z=1
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Another common feature between the LLC and the IPS tests is that both are panel ex-
tensions of the ADF test, based on t-ratios. However, while the LL.C pools the equations and
computes a pooled test statistic resulting in a homogeneous alternative, the IPS averages the
individual test statistics for N cross-section units, obtaining group-mean tests, allowing for a
heterogeneous alternative hypothesis that qualifies unit-root presence for some individuals in
the panel.

Thus, the hypotheses of interest are:

HO PP = 0, A4
H, pi < O,Z = 1,...,N1 N py = O,Z =N; + 1,...,N
The null hypothesis also implies auxiliary assumptions about the individuals’ effects, par-
ticulatly oy; = 0 in model 3.11 and §; = 0 in model 3.12 for all individuals in the sample, such
as the LLC formulation. This restrictiveness is not present under the alternative hypothesis.
Under the null hypothesis, all individuals have unemployment time series characterized
by unit-root processes, and under the alternative, at least one individual in the panel has in
its DGP a unit-root while the remaining are time series are stationary processes, allowing
for hysteresis conclusion for some countries in the panel and the NAIRU conclusion for the

remaining individuals.

Fisher’s type tests: Maddala and Wu and Choi

Maddala and Wu (1999) and Choi (2001) present techniques that use combinations of
observed significance levels from individual tests (p-value based approach), arguing that the p-
values from independent ADF tests can be combined obtaining a test on the joint hypothesis
concerning all individuals.

The models for the fisher’s type tests can be defined under the three assumptions about
the individuals exogenous variables (no variables, intercepts and intercepts plus time trends),
such as derived in models 3.8, 3.9 and 3.10 and they all assume cross-sectional independence.

Maddala and Wu (1999) propose a test statistic defined as follows:

N

i=1
which has a x? distribution with 2NV degrees of freedom, when T tends to infinity and N
is fixed.
Banerjee (1999) notices the simplicity of the test and its robustness to the statistic choices,
lag length and sample size and asserts the attractiveness of the test.
Choi (2001) proposes in his paper three test statistics, namely the modified P test, the

inverse normal and the logit tests. The test statistic are respectively defined as follows:
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(in(pi) +1)

Z O (pi)

where ®(e) is the standard normal cumulative distribution function;

L=3"in( Py

L—pi

Considering the heterogeneous models, the hypothesis of interest are:

H(]:pi:O,Vi
H, pl<0,’l:1,,Nl/\szO,Z:Nl—l—l,,N

similarly to the IPS formulation.

Hadri test

Hadri (2002) suggests a test representing an extension of the Kwiatkowski et al. (1992)
test, opposing the above-mentioned tests by taking the null of stationarity. Hadri proposes
a residual-based LM test where the null hypothesis supports that the individual series u;
(forv =1,...,N,and t = 1,...,T) are stationary, either around a deterministic level or a
deterministic trend (depending on how the composition of the deterministic component is
employed), against the alternative of at least unit root in the panel data.

Hadri (2002) considers two models:

Ui = Tip + Eig (3.13)

Ui = Tig + Bit +€iy (3.14)

Where r; 4 is a random walk: 7; ; = 7,1 + ;4, wWith p; 4 being i.1.d. (0,0'Z), and p; and

2:
I

under the null, u;; is stationary around a deterministic level in model 3.13 and stationary

€;+ being independent. The null hypothesis is o 0. Since €;+ are assumed to be i.id.,
around a deterministic trend in model 3.14.

Analogously to all panel unit root tests displayed under section (3.1.2), the Hadri test be-
longs to the first-generation panel unit root tests, with cross-sectional independence assump-
tion prevailing. And similarly to the IPS and fisher type tests, it allows for an heterogeneous

alternative hypothesis, with the hypotheses of interest being formulated as follows:
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Hy @ all individuals have stationary processes

H, : atleast one individual has a unit-root process

3.2.3 Lag-length selection

Most unit root tests require a choice of parameters that may influence the results. Partic-
ularly important is the choice of a modelling correction that accounts for the serial correlation
of the error by including lagged terms of the dependent variable. Thus, it is vital to determine
the optimal lag length, which represents a trade-off between having better size properties (re-
lated to size distortions) and better test power. Therefore, two problems may arise: if the
lag is too small, the results are biased, and if it is too large, the power of the test suffers a
reduction.

The literature provides different methods for the lag length selection. The current in-
vestigation follows the methodology suggested by Schwert (1989), where the maximum lag

length is determined using the short and long approaches, formulated respectively:

=

, T
ly = mt[4(>x<(100

T
100

)]

W=

where T corresponds to the sample size.

Under the univariate environment both approaches are under investigation. Under the
panel environment we only consider the short approach since the long, by selecting the num-
ber of lags considering the number observations of the full panel, achieves a value that does
not bare econometric reasoning to apply for some individuals in the panel, where the number
of observations is not extensive enough. The software recognizes this limitation and does
not allow the application of this approach.

After determining the maximum number of lags, the Schwarz (1978) information criteria
selects the optimal lag length, which accounts for the achieved maximum lag length and sam-
ple characteristics. This information criteria is applied for the ADF and the panel unit root
tests that are formulated similarly to the ADF regression (IPS, LLC and Fisher’s type tests).
For the remaining unit-root tests there is no information criteria selecting the best lag due to
software limitations, thus the number of lags considered are the ones derived under the short

approach for the panel unit root tests and both approaches for the univariate unit root tests.
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3.3 Design of the experimental study

This research is performed using R Software (R Core Team, 2021) and resorts to the
package #rca developed by Pfaff (2008) to apply the univariate unit root tests, and the package
plm designed by Croissant and Millo (2018) to operate the panel unit root tests.

3.3.1 Univariate Environment

Initially, we assess the unit root presence for the countries under analysis for the largest
period available, intending to extend previous OECD based studies to a larger number of
countries and years of analysis. This method is applied to the three observation’s frequencies
(monthly, quarterly and annual).

To assess the impact of sample choices, time span and sample frequency, in the tests for
unit roots in unemployment rates time series, the tests are performed sequentially in samples
of increasing size (one unit at a time), starting from a minimum admissible sample size that
guarantees satisfactory properties of the tests, good power and low size distortions (Afriyie,
Twumasi-Ankrah, Gyamfi, Arthur, & Pels, 2020; Arltova & Fedorova, 2016; Shiller & Perron,
1985), corresponding to twenty five observations.

We inspect if the tests’ conclusions are robust to the sample span, denoted as Rg, by
assessing if the tests’s conclusions are the same for different sample spans. We inspect if the
tests” conclusions are robust to the sampling frequency, denoted as R, by evaluating if the
tests provide the same conclusion at the various frequencies.

This methodology is sequentially applied to the two lag structures for the lag length se-

lection, short and long approaches, referred above.

3.3.2 Panel Environment

Whereas the Fisher’s type tests are applied to unbalanced panels, the remaining tests re-
quire balanced panels. Thus, the procedures applied to perform the analysis are slightly dif-
ferent for these two types of tests.

For the tests that consider unbalanced panels, we start by assessing the unit root presence
considering all observations available for all individuals. We apply the test to that respective
panel at the three observations’ frequencies, allowing the extension of previous investigations
to a larger number of individuals and number of observations that constitute the panel. We
then compare the results at the different frequencies to determine if the results are robust to
the sampling frequency, Rp.

To assess if the tests’ results are robust to the sampling span, Rg, we construct panels that
possess twenty-five observations (Hlouskova & Wagner, 2005) for each individual, starting

from the first observation, and run the tests. Then, we increase the number of observations
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of each individual by unity, until the panel is includes all data available, and we apply the
tests in each iteration. This allows monitoring the results’ behaviour to the different sample
spans. This procedure is performed to the three sampling frequencies, and entitles a judgment
concerning Rg.

For the tests that require balanced data panels, we perform an examination considering
six cases regarding the sample spans. For the first case, we construct panels that include all
countries from whom we have sufficient data (more than twenty-five observations), and we
run the tests by following the unity increase methodology (from twenty-five observations
until the full data is included) to further analysis of the test results robustness to the sample
span, Rg, and observation frequency, R, and conclusion of the test for the full panel.

Then, we sequentially increase the sample span by eliminating individuals from the panels,
to perform the same results scrutiny by following the respective procedure. Table 3.2 reveals
the individuals and the beginning of the sampling span that constitutes the panel. We further
assess if the tests’ results are robust to the sample span, [Rg, and we thoroughly examine
the robustness of the tests to the sampling frequency, R, by comparing results at different

frequencies for a given sample span.

o ] Sample Span
Case Individuals in the panel
Annual  Quarterly Monthly
1 | All countries under analysis 1993 2012 2012
2 | Austria, Czechia and Germany excluded 1990
3 | Only includes: Australia, Canada, Japan and USA 1980
4 | Only includes: Canada, Japan and USA 1970
5 | Only includes: Canada, Japan and USA 1960
6 Only includes: Canada, Japan and USA 1955

Table 3.2: Balanced data panels for unit root tests
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Chapter 4
Results

This chapter presents the results of applying the methodology described in Section 3.3.
One of the goals is to provide insights on the presence of unit roots in unemployment dy-
namics in OECD countries by applying a vast battery of tests to a large number of countries
and years of analysis. The other is to scrutinise the tests’ results to determine whether ro-
bustness to the sampling span, g, and sampling frequency, R, exists. Such analyses allow
understanding the impact of sampling decisions when running unit-root tests, explaining the
disparity of conclusions presented in the literature when resorting to similar unit-root tests.
This chapter begins by providing two illustrative examples, one considering the ADF univari-
ate test and another considering the IPS under a panel data environment, to guide the readers
on how data were analysed to achieve the conclusions in each unit-root test. Then, it displays

the results in a more general way.

4.1 Illustrative examples

4.1.1 ADF test - USA case

Firstly, ADF unit roots test conclusions are examined considering the largest span avail-
able for the three frequencies of USA data. Then, the tests are applied sequentially to samples
of increasing size to assess how the tests’ conclusions behave with such increments at the dif-
ferent frequencies.

Figures 4.1 and 4.2 display the evolution of the USA’s unemployment rate time series, s,
from the first observation available to 2020 at the three sampling frequencies for short and
long lag versions of the test. Ensuring a minimum of the first twenty-five observations and
increasing the sample size in a one-time unit, the plots represent the ADF test conclusion,
highlighted with different colours, for different sample spans. The grey colour represents

the minimum number of observations, the red indicates unit root presence, supporting the
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hysteresis hypothesis, and the green denotes unit root absence, favouring the NAIRU thesis.

Considering the test conclusion for the complete series, observed at the largest span avail-
able in Figures 4.1 and 4.2, the ADF test favours the NAIRU hypothesis for all frequencies
and lag choice versions once that at the maximum observation of plots lacks the unit root con-
clusion. Also, from such figures, it is possible to infer that test conclusions are not robust to
the sample span and the sampling frequency. Indeed, conclusions for both short and long lag
approaches depend on the selected sample span, and the test validates different conclusions
at different frequencies for a given sample span.

The same analysis is performed for the remaining univariate unit root tests, exposed in

Section 3.2.1. The Annex A contains the results.
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Figure 4.1: ADF test, short lag’s version - USA

4.1.2 1IPS test

The IPS test illustrated considers the case 2, referred to in Table 3.2, a panel data from
1990 to 2020, including the countries: Australia, Belgium, Canada, Chile, Denmark, Finland,
France, Ireland, Italy, Japan, Luxembourg, Mexico, Netherlands, New Zealand, Norway, Por-
tugal, South Korea, Spain, Sweden, UK and USA. The minimum number of observations

for each country is 25 to perform the test under the increasing time units framework. Ad-
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Figure 4.2: ADF test, long lag’s version - USA

ditionally, this test analysis considers the possibility of two individual exogenous variables
assumptions - individual intercepts or individual intercepts plus time trends.

Figures 4.3, 4.4 and 4.5 display the test results for the annual, quarterly and monthly cases,
respectively. In such figures, the x-axis represents the cumulative analysis span in the panel,
i.e., each date on this axis indicates the test conclusion under a panel containing historical data
for all countries up to a particular axis date. The y-axis labels O to test results supporting the
null hypothesis of all individuals presenting unit-root processes in the DGP and 1 favouring
the alternative hypothesis that at least one country features a stationary process. In the plots,
red lines denote the assumption of individual intercepts, and purple lines represent individual
intercepts plus time trends.

From Figure 4.3, for both exogenous variables assumptions cases, when the panel con-
tains all data from 1990 to 2020, the test results favour that at least one country displays
unemployment time series characterized by a stationary process. Also, the test results are
robust to the sampling span, Rg, since the results are invatiant to the considered sample
span.

Results for the quarterly sampled case, depicted in Figure 4.4, also favour at least one

country’s unemployment series featuring stationarity with complete data. However, in this
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Case 2 - Annual Data
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Figure 4.3: IPS test - Annual Data
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Figure 4.4: IPS test - Quarterly Data

Case 2 - Monthly Data
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Figure 4.5: IPS test - Monthly Data

case, conclusions are not robust to the sample span, Rg. The monthly sampled case converges
in such a conclusion regarding Rg; however, as Figure 4.5 depicts, when applying the test
to the entire sample span, results contradict the previous ones when considering exogenous
variables assumptions. Monthly panel data results favour the null hypothesis that all countries
contain a unit-root process in their unemployment dynamics.
Regarding R, findings point to a lack of robustness to sampling frequency since the
results are inconsistent among the three considered frequencies in specific sample spans. For
instance, when the panels are constituted with sample spans from 1990 to 2015, whereas the

annual and quarterly cases favour the alternative hypothesis, the monthly case favours the null
hypothesis.
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4.2 Univariate Environment

4.2.1 ADF test

Resorting to the methodology defined in Chapter 3, we start by applying the test to the
largest time span available. Figure 4.6 displays in blue the percentage of countries where
the test fails to reject the hysteresis null hypothesis for the two lag structures. The results
reveal the unemployment dynamics as unit root processes for at least 54% of 38 countries
under analysis, regardless of the sampling frequency and the lag choice. Additionally, it is
possible to note the impact of the data frequency on the test’s results; the higher the sampling
frequency, the higher the tendency of the test to conclude in favour of hysteresis. Whereas
annual frequency series point from 54% to 58% of countries’ unemployment dynamics as

unit-roots, quarterly series indicate from 71% to 74%, and monthly series from 86% to 89%.

ADF Test

100%

80%

60%

40%

1 I

n
Short Long Short Long Short Long
Annual Quarterly Monthly

m Hysteresis conclusion for largest span (in percentage of all countries)

M Test Robust to Sample Span - Rs (in Percentage of all Countries)

Figure 4.6: ADF Test

Figure 4.6 also presents, in orange, the percentage of countries where the ADF test de-
livers the same conclusion for different sample spans at the diverse frequencies, being robust
to the sample span, g. Our results show that the smallest percentage of countries where
the test is robust to the sample span is 17% out of the 38 countries under analysis, regardless
of the frequency and lag structure. Furthermore, there is a pattern of decreasing percentage
of countries where the test is robust to the sample span, Rg, as we apply the test to higher
frequencies. Whereas annual frequency series point from 54% to 56% of the countries pre-
senting sensible results to the sampling span, quarterly series exhibit from 24% to 29%, and
monthly series from 17% to 28%.

For a given sample span, our results reveal that around one-third of the countries de-
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liver the same conclusion for the different frequencies, being the test robust to the sampling
frequency, Rp, as illustrated in Table 4.1. There is one country (Switzerland) where only
monthly observations are available, thus it is not possible to assess if the test is robust to
the sampling frequency in that country, illustrated by the 2% in the table. We can conclude
that the majority of the countries exhibit outcome variation related to the observation’s fre-
quency, reinforcing the importance of making consideration of this sampling characteristic

when comparing different empirical studies.

Not Robust 65.8%
Robust, Rp 31.6%
Not possible to compare  2.6%

Table 4.1: ADF Test - Robust Frequency Analysis (in percentage of countries)

4.2.2 KPSS test

For this test, we consider two possibilities for the deterministic component, namely, a
constant and a constant plus a trend, as suggested in the literature. Figures 4.7 and 4.8 reveal,
in blue, the percentage of countries where the test finds a unit root regarding the largest span
available case and, in orange, the percentage of countries where the test is robust to the sample

span.

KPSS Test - Constant

100%
80%
60%
40%
-1 I
short long short long short long
Annual Quarterly Monthly

m Hysteresis conclusion for largest span (in percentage of all countries)

m Test Robust to Sample Span - Rs (in Percentage of all Countries)

Figure 4.7: KPSS Test - Constant as deterministic component

Similarly to the ADF test’s results, a pattern of increased propensity to find a unit root in

the unemployment dynamics emerges as we employ the test to higher frequency data, regard-

29



less of the deterministic component. When only a constant characterizes the deterministic
component the test characterizes unemployment as unit root processes from 8% to 38% of
the 38 countries in annual series, from 34% to 66% in quarterly series and from 61% to 91% in
monthly series. When adding a trend as a deterministic component, our results reveal unem-
ployment as unit root processes from 13% to 21% in annual series, 29% to 87% in quarterly

series, and 78% to 100% in monthly series.

KPSS Test - Constant + Trend
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Figure 4.8: KPSS Test - Constant + Trend as deterministic components

Simultaneously, there is a decreasing percentage of countries where the test deliver con-
clusions that are robust to the sample span, Rg, as we use higher frequency data. However,
as shown in Figure 4.7 and Figure 4.8, for the short version of lags, the test presents a lower
percentage of countries with results that are robust to the sample span when using quarterly
data compared to the monthly data case. Our results indicate that, for all countries, the test
lacks sampling span robustness for the long version of lag in all countries, when operating

with monthly data.

Constant Constant + Trend

Not Robust 73.7% 84.2%
Not Robust in some lag versions  21.1% 10.6%
Robust, Rp 2.6% 2.6%
Not possible to compare 2.6% 2.6%

Table 4.2: KPSS Test - Robust Frequency Analysis (in percentage of countries)

For the same sample span, our study shows that the test delivers different conclusions at
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different frequencies for around 74% of the 38 countries when only a constant characterizes
the deterministic component, and for around 84% of the countries when a trend is also
considered as deterministic component, meaning that the test’s conclusions are not robust
to the sampling frequency. Furthermore, only around 1 country deliver the same conclusion
for the different frequencies, being robust to the sampling frequency, R, as shown in Table
4.2, illustrating a considerable decline when analogised to the ADF test results. Regardless,
for some countries, the robustness of the test to the sampling frequency depends on the lag

structure.

4.2.3 DF-GLS test

As suggested in Pfaff (2008), there are two methods, demeaning and detrending, to define
the dynamics that reasonably describe unemployment. In both cases, our results indicate that
when applied to the largest span available, the test’s results favour the hysteresis hypothesis
for the majority of the countries. As can be observed in Figures 4.9 and 4.10, the lowest

percentage of countries where the test finds a unit root in the DGP is 54%.

DF-GLS Test - Demeaning
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Figure 4.9: DF-GLS Test - Demeaning

For the demeaning method, our results show an increasing predisposition to locate a unit
root in the DGP for the short version of lags while operating with higher frequency data,
from 54% in the annual series to 68% in the quarterly series to 83% in the monthly series.
However, for the long version of lags, there is a decreasing tendency to find a unit root in
the DGP, from 88% to 79%, and then to 78%, operating with annual, quarterly and monthly

series, respectively.
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In the detrending method, a decreasing pattern is present when considering the long ver-
sion of lags, where the test provides hysteresis hypothesis support for 96% of the 38 countries
with annual series, 92% with quarterly series and 86% with monthly series. For the short ver-
sion of lags, the test finds unit-root presence for more than 90% when operating with annual

and monthly series, and 79% when applying the test to quarterly series.

DF-GLS Test - Detrending
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Figure 4.10: DF-GLS Test - Detrending

Similar patterns of decreasing percentage of countries where the test provides robust re-
sults to the sampling span, Rg, ate present when operating with higher sample frequencies,
considering the long version of lags in the detrending procedure. However, regarding the
remaining cases, there is a contraction in the percentage of countries that present this ro-
bustness when moving from annual to quarterly series, followed by an enlargement in that
percentage shifting from quarterly to monthly series. For instance, regarding the demeaning
procedure and the short version of lags, while 50% of the countries show the same result for
different sample spans in annual series, this ratio is decreased to 39% in quarterly series and

increased to 53% operating with monthly series.

Demeaning Detrending

Not Robust 42.1% 26.3%
Not Robust in some lag versions 23.7% 13.2%
Robust, Rp 31.6% 57.9%
Not possible to compare 2.6% 2.6%

Table 4.3: DF-GLS Test - Robust Frequency Analysis (in percentage of countries)
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The DF-GLS test bears the highest percentage of countries where the test delivers con-
clusions that are robust to the sampling frequency, Rp, when compared to the remaining
univariate framework tests. As displayed in Table 4.3, in the detrending procedure, our analy-
sis indicates that more than half of the countries deliver the same conclusion when comparing

the different observations’ frequencies, being robust to this sampling characteristic.

4.2.4 Zivot-Andrews test

This test allows confrontation between the hysteresis hypothesis and the structuralist the-
sis. Our research establishes that most countries are illustrated as unit root processes, favour-
ing the hysteresis hypothesis, when applied to the most extensive sample spans available, as

portrayed in Figures 4.11, 4.12 and 4.13.

ZA Test - Intercept Break
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Figure 4.11: ZA Test - Intercept Break

Apart from the long version of lags, when considering a break in the intercept and trend,
we can observe an increasing tendency to describe the unemployment rate as a unit root
process as the test is applied to higher frequency series, as depicted in the figures. For the case
described in the beginning of the paragraph, we can observe a contraction in the percentage
of countries where the test’s conclusion favours the hysteresis hypothesis when moving from
yearly to quarterly data, from 83% to 76%, and an enlargement of that percentage when
shifting from quarterly to monthly data, 76% to 86%, as displayed in Figure 4.13.

When controlling for a trend break, almost all countries have unemployment dynamic
characterised by a unit root, and thus no break in trend in the DGP, describing the time
series as unit-root processes in a minimum of 88% out of the 38 countries, meaning that the

structuralist thesis is not appropriate to describe unemployment dynamics for this case.
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ZA Test - Trend Break
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Figure 4.12: Z A Test - Trend Break

Analysing whether the tests’ conclusions are robust to the sample span, IR, our results
exhibit a decrease in the percentage of countries where the tests provide robust results as we
apply them to higher frequencies in the short lag’s version of the intercept break and both the
intercept and trend breaks cases, and in the long lag’s version of the trend break case. For the
remaining cases, our results show a contraction in the percentage of countries where the test
is robust to the sample span, g, as we operate from yeatly to quartetly data, followed by an

increase in that percentage shifting from quarterly to monthly data.

ZA Test - Break in Intercept and Trend
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Figure 4.13: ZA Test - Break in Trend and Intercept
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Regardless, and besides the short lag version operating with yeatly data where the per-
centage of countries with robust results to the sample span is above 60%, our results depict a
considerable impact of the sampling span in the results of the test, with the highest percent-
age of countries with robust outcomes for this sampling characteristic being 45%, expressing

the necessity of regarding this sampling feature when conducting and comparing empirical

investigations.
Intercept Trend Intercept + Trend
Not Robust 57.9% 50% 57.9%
Not Robust in some lag versions  34.2%  34.2% 31.6%
Robust, Rp 5.3% 13.2% 7.9%
Not possible to compare 2.6% 2.6% 2.6%

Table 4.4: ZA Test - Robust Frequency Analysis (in percentage of countries)

By analysing the tests’ results robustness to the sampling frequency, our results depict a
significant impact of the data frequency on the test’s results. As Table 4.4 displays, controlling
for an intercept break in the DGP, around 58% of the countries lack results that are robust to
the sample frequency, and the same result materialises when controlling for a break in both
the intercept and trend. When handling for a break in the trend component, 50% of countries

present this sensitivity to the sampling frequency.
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4.3 Panel Environment

431 LLC Test

We start by examining the test’s results for the full panel at the three observation frequen-
cies for the different cases, displayed in Table 3.2. Table 4.5 exhibits the hypothesis supported
by the tests’ results, where H, displayed in bold, represents the null hypothesis, sustaining
the hysteresis hypothesis for all individuals in the panel, and H, characterizes the alternative

hypothesis, sustaining the stationarity thesis for the unemployment dynamics to all countries.

Case Annual Quarterly Monthly
None Intercept Trend | None Intercept Trend | None Intercept Trend
H, H, H, H, H, H, H, H, H,
H, H, H, H, H, H, H, H, H,
H, H, H, H, H, H, H, H, H,

H, H, Ho, | Hy H, H, | Hy Hyg Hy
H, H, H, H, H, H, H, H, Hy
Hy H, H, | Hp H, H, | H, Hy H,

[ N L S S

Table 4.5: LLC tests’ results for full panel

As can be inferred from Table 4.5, there are numerous situations where the test’s results
support the same hypothesis at different frequencies, providing robust results to the sam-
pling frequency, Rr, when considering the full samples. In cases 1 and 6, we have consistent
results at the different frequencies when considering no individual exogenous variables and
when intercept components are incorporated, favouring the stationarity hypothesis for all in-
dividuals in the panel in case 1, and the hysteresis thesis for all countries in case 6. In case
2, we find our results not to be Ry, since we achieve different conclusions at the three fre-
quencies, for the three exogenous variables’ assumptions. In case 3, only when considering
no exogenous variables do we have results that are Ry, favouring the hysteresis null hypoth-
esis. In case 4, we find results that are Rr when no variables and when an intercept plus
a time trend are considered as individual exogenous variables, where the results favour the
hysteresis null hypothesis for all countries. Finally, in case 5, our results conclude in favour
of the hysteresis thesis for all countries, for all observation frequencies and for all exogenous
variables’ assumptions.

Next we increase the time by one unit and analyse robustness of the test to the sampling
span and frequency. Table 4.6 displays our conclusion regarding IR for the different cases and
exogenous variables assumptions. Table 4.7 provides a thorough insight on Rg by providing

the percentage of results where the hysteresis null hypothesis is supported by the test, on
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the full amount of results that arise from the unity increase methodology. In that table it is

highlighted in red the values where the variation of the test’s results to the sample span are
higher than 15%.

Case Annual Quarterly Monthly
None Intercept Trend | None Intercept Trend | None Intercept Trend
1 Yes Yes Yes Yes No No No No No
2 No Yes Yes No No No No No No
3 No No Yes Yes No No Yes Yes Yes
4 Yes No No Yes No No Yes No No
5 Yes No No No No No No No No
6 Yes No No No No No No No No

Table 4.6: LLC test - Rg analysis

In annual data we have nine situations where the test’s results are R g, being this frequenc
S5 g q y

the one with more results that are [g. However, when scrutinizing this result with the ones

provided in Table 4.7, we can conclude that, even though in the monthly data case we only

have four situations where the test’s results are [7g, this is the frequency where the test’s results

are more invariant to the considered sample span since the highest variation is around 30%

(while in 70% of the cases, that arise from the unity increase methodology, the test favours

the hysteresis null hypothesis, for the remaining it favours the stationarity alternative) whereas

for annual frequency is around 50% and around 40% for the quartetly case.

Nevertheless, we should bear in mind that, even though the quarterly case has a highest

variation that is lower than the annual frequency, the quarterly has more results that present

a considerable divergence of results when considering different sampling spans (highlighted

in red in Table 4.7).
Case Annual Quarterly Monthly

None Intcpt. Trend | None Intept. Trend | None Intcpt. Trend
1 0% 0% 0% 0%  41.7% 25.0% | 1.2% 78.6% 13.1%
2 | 143% 0% 0% | 67.0% 39.0% 19.0% | 79.9% 91.1% 70.1%
3 1882% 11.8% 0% | 100% 99.3% 85.7% | 100%  100%  100%
4 100%  40.7%  37.0% | 100%  96.7% 86.1% | 100%  94.4%  94.2%
5 100%  89.2%  45.9% | 91.8% 94.5%  60.5% | 93.1% 99.9%  88.7%
6 100%  90.5%  52.4% | 96.3%  069.6%  28.3% | 99.6% 99.7%  89.8%.

Table 4.7: LLC test - Rg analysis in percentage
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Table 4.8 displays our results regarding Rp. As can be inferred from the table, it is only
when no variables are considered as individual exogenous variables that we achieve the same
results at the different frequencies for the different sampling spans, being the results robust

to the sampling frequency, Rp.

Case | None Intercept Trend
1 Yes No No
2 No No No
3 No No No
4 Yes No No
5 Yes No No
6 Yes No No

Table 4.8: LL.C Test - Rp Analysis

4.3.2 1IPS Test

Analysing the test’s results for the full panel in each case (1 to 6) presented in Table 3.2,
our results show that, when applied to annual data, the test provides results supporting the
alternative hypothesis, where at least one country has unemployment dynamics characterized
by a stationary process. Apart from case 1, and as displayed in Table 4.9, we can observe
results that are Rp when an intercept is included as individual exogenous variable, and results
that are not [ when a trend is added as exogenous component (whereas for annual data our
results support the alternative hypothesis, for the remaining frequencies it supports the null
hypothesis - unemployment dynamics characterized by unit-root processes for all individual

in the panel).

Case Annual Quarterly Monthly
Intercept Trend | Intercept Trend | Intercept Trend
1 H, H, H, H, H, H,
2 H, H, H, H, H, Ho
3 H, H, H, H, H, H,
4 H, H, H, H, H, H,
5 H, H, H, H, H, Hy
6 H, H, H, H, H, H,

Table 4.9: IPS Test’s results for full panel

Applying the unity increase methodology we can analyse the robustness of the test’s results
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to the sampling span. Table 4.10 exhibits our conclusion regarding R for the different cases,
exogenous variables’ assumptions and observation frequencies. As can be inferred from the
table, when applied to annual data the test provides the highest number of situations where

the results are [7g, followed by the monthly data case and the quarterly one.

Case Annual Quartetly Monthly
Intercept Trend | Intercept Trend | Intercept Trend
1 Yes Yes No No No No
2 Yes Yes No No No No
3 No Yes No No No Yes
4 No No No No No No
5 No No No No No No
6 No No No No No Yes

Table 4.10: IPS Test - Rg Analysis

Nevertheless, when we perform a more thoroughly Rg analysis, an interesting result
arises. Table 4.11 presents the percentage of results where the tests favour the hysteresis
null hypothesis on the full amount of results that arise from the unity increase methodology,
for each case and exogenous variables’ assumptions. Even though a unique case presents g
results when applying the test to monthly data, this is the frequency that presents the high-
est results stability regarding the sampling span, since the highest variation of the results is
around 25% - whereas for around 78% of the results support the hysteresis null hypothesis,
for the remaining it supports the alternative one. When applying the test to annual data, our
results present a high sensitivity to the sampling span when they are not Ig, since all of them

present variation that is higher than 15% (highlighted in red in Table 4.11).

Case Annual Quarterly Monthly
Intercept Trend | Intercept Trend | Intercept Trend
0% 0% 33.3%  333% | 952%  13.1%
0% 0% 44.0%  28.0% | 77.9%  98.0%

17.6% 0% 77.9%  86.4% | 98.9% 100%
44.4%  37.0% | 81.1%  93.3% | 87.6%  95.1%
73.0%  324% | 88.6%  77.7% | 95.6%  86.9%
66.7%  57.1% | 63.3%  59.2% | 91.9% 100%

SN Ul AW N -

Table 4.11: IPS Test, Rg analysis in percentage

Table 4.12 exhibits our results regarding Rp when applying the unity increase method. As
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can be inferred from the table, in all cases and exogenous variables assumptions, our results
are not robust to the sampling frequency R since for at least a sample span our results deliver

different conclusions at different frequencies.

Case | Intercept Trend
1 No No
2 No No
3 No No
4 No No
5 No No
6 No No

Table 4.12: IPS Test - R analysis

4.3.3 Fisher’s Type Tests

We start by applying the Fisher’s type tests to the full panel, considering the different
individuals exogenous variables specifications and the three observations’ frequencies. Table
4.13 exhibits the hypothesis supported by the tests’ results, where H, exhibited in bold,
represents the null hypothesis, sustaining hysteresis hypothesis for all individuals in the panel,
and H, characterizes the alternative hypothesis where at least one individual in the panel has

a unit-root process in the DGP.

Frequency | Exogenous Variables - : Test : -
MW  Choi-P Choi - Inv Normal Choi - Logit

None H, H, H, H,
Annual | Intercept H, H, H, H,
Intercept + Trend H, H, H, H,
None H, H, H, H,
Quarterly | Intercept H, H, H, H,
Intercept + Trend H, H, H, H,
None Hy Hy H, H,
Monthly | Intercept H, H, H, H,
Intercept + Trend H, H, H, H,

Table 4.13: Fisher’s Type tests results for full panel

With this method, two results arise. Firstly, the different tests provide the same conclu-

sion when considering both the different frequencies and individual exogenous variables that
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are included in the ADF regressions while running the tests. This depicts results’ consistency
between the different Fisher’s type tests. Secondly, we achieve results that are mostly robust
to the frequency of observation, I2p, since for a given formulation of the exogenous vari-
ables, we obtain congruous results at the different frequencies. However, when considering
individual intercepts and time trends as exogenous variables, our results find contradictory
conclusions when comparing the results provided by both the annual and quarterly frequen-
cies with the monthly frequency case (whereas using annual and quarterly data our outcomes
favour the alternative hypothesis, applying the tests to monthly data our results favour the
null hypothesis).

Employing the unity increase methodology to these panel unit root tests, we can assess if
the outcomes are robust to the sample span, Rg. Table 4.14 evidences the percentage of cases
where the tests’ results favour the null hypothesis, considering the different panels that arise
from increasing the span of each individual per iteration. As Table 4.14 depicts, when utilising
annual data to implement the tests, we consistently conclude for the hysteresis thesis for all
individuals in the panel when no exogenous variables are included in the ADF regressions, and
we achieve invariable results favouring the alternative hypothesis for the remaining exogenous
variables’ options. Therefore, we can infer that out results are robust to the sample span,
Rg, when operating with annual data, independently of the test and individuals exogenous

variables we considet.

Frequency | Exogenous Variables Test -
MW P test Inv. Normal Logit
None 100%  100%  100% 100%
Annual | Intercept 0% 0% 0% 0%
Intercept + Trend 0% 0% 0% 0%
None 94.2% 94.2% 93.3% 94.1%
Quarterly | Intercept 04%  0.4%  5.4% 4.6%
Intercept + Trend 79%  7.9%  20.0% 31.4%
None 90.4% 90.2% 99.1% 99.1%
Monthly | Intercept 63.0% 55.9% 53.5% 55.1%
Intercept + Trend 97.1% 96.9% 99.9% 99.9%

Table 4.14: Fisher’s Type tests - Rg Analysis

Performing the same analysis, but utilising quarterly and monthly data, we can conclude
that our results are not robust to the sample span, Rg. However, when considering the
quarterly data case, we can infer that, apart from the inverse normal and logit tests when con-

sidering an intercept plus a time trend as individuals exogenous variables, our results are to a
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certain extent consistent to the different sample spans that constitute the panels, since more
than 90% of the results favour the null hypothesis when no exogenous variables are consid-
ered, and more than 90% favours the alternative hypothesis for the remaining cases. When
employing the tests to monthly data we achieve similar conclusions since our results favour
the null hypothesis for more than 90% of the cases when considering no exogenous variables
and an intercept plus a time trend as individuals exogenous components. When we consider
an intercept as individuals exogenous variables, our results depict the highest variability with
more than 50% of the tests results providing evidence favouring the null hypothesis when

applied to the different sample spans that constitute the panels.

4.3.4 Hadri Test

Opposing the remaining panel unit root tests under analysis, the Hadri test takes the
stationarity as null hypothesis, where all individuals in the panel present stationary processes
in the DGP, and the hysteresis as the alternative one, where at least one individual in the panel
has unemployment dynamics characterized by unit-root process.

The test requires balanced data, thus the methodology applied to perform the analysis is
the one that corresponds to this characteristic. It considers two possibilities for the individual
exogenous variables - intercept and intercept plus a time trend.

By applying our methodology, we consistently achieve the same result, regardless of the
different cases (Table 3.2) and exogenous variables assumptions, rejecting the stationarity null
hypothesis for all cases, even when assessing the unity increase methodology.

Therefore, we can conclude that the Hadri test is the only test under analysis that provides
results that are consistently robust to the sampling span, Rg, and sampling frequency, [2p.
For this reason, we have decided not to include any visual or graphical visualisation of the
results. However, one can find part of the R’s Software output for case 1, where the test is
applied to monthly data and only an intercept is considered as individual exogenous variable,

in Annex B.
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Chapter 5
Conclusions

One of the key points in the study of the dynamics of an economic time series is the
presence of units roots assessed by unit root tests. In the case of unemployment the pres-
ence of unit roots is linked to three different hyothesis concerning its dynamics. The first is
hysteresis which states that the dynamics of unemployment are driven by the presence of a
unit root and therefore external shocks will endure. Another hypothesis, NAIRU; states that
unemployment is a stationary process, conveying it is mean-reverting and thus shocks only
temporarily affect unemployment. Finally the structuralism hypothesis, controls for struc-
tural breaks and thus if unit-roots are absent, unemployment exhibits permanent changes in
the equilibrium rate in the presence of occasional but permanent structural changes.

Empirical investigations concerning the presence of unit roots in unemployment time
series achieve conflicting conclusions when resorting to identical unit-root procedures applied
to data with distinct sampling characteristics namely, span and observation frequency. Thus,
our research provides insights on the impact of these sampling characteristics in the unit root
tests by studying the unemployment dynamics of thirty-eight OECD countries, considering
increasing sample spans and three sampling frequencies both in univariate and panel contexts.

In the univariate context, we start by applying the univariate unit-root tests to the largest
span available to each country. Our results show that the tests are not robust to the sampling
frequency. KPSS is the test whose results vary the most with sampling frequency. On the
other hand, the ZA test with a break in the trend component is the most robust to sampling
frequency.

The impact of the sampling span on the tests is assessed by considering rolling samples,
L.e., samples that increase the size by one time unit. We can observe a disparity in the percent-
age of countries for which the tests’ results are robust to the sampling span at the different
observation frequencies. We note that the annual frequency is the one with the highest num-
ber of countries with results robust to the sampling span for the majority of the tests.

When comparing the tests’ results at different frequencies for a given sampling span, we
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can assess whether the results are robust to the sampling frequency. The KPSS is the test
with the highest percentage of countries whose results that are not robust to the sampling
frequency, followed by the ADF, the ZA and the DF-GLS test.

Therefore, for all the univariate unit-root tests, we have countries where the tests display
sensitive results to the sampling characteristics, explaining the conflicting results of empiri-
cal investigations in the literature, and reinforcing the need to consider these factors when
studying the hysteresis hypothesis in unemployment analyses.

Under the panel environment, we employ different methods for panel unit-root tests that
require balanced and unbalanced data.

The Fisher’s type tests require unbalanced data. Therefore we resort to a different method-
ology than the remaining panel unit-root tests. The tests provide invariant conclusions con-
sidering identical sampling frequencies and exogenous variables’ assumptions being consis-
tent between them. Apart from incorporating an intercept and a time trend as exogenous
variables, the tests deliver robust results to the sampling frequency.

Applying the unity increase methodology and operating with annual data, the Fisher’s type
tests deliver robust results to the sampling span. The majority of our tests’ results provide
the same conclusion with this approach working with quarterly data, the inverse normal and
logit tests being the outliers. With monthly data, considering an intercept as the exogenous
variable is the only case with results that deliver a considerable variation.

Therefore, we can conclude that by performing unemployment dynamics analysis using
these panel unit-root tests, we can expect that the sampling characteristics have alower impact
compared with the univariate environment. However, it facilitates an explanation of contra-
dictory conclusions present in the literature and reinforces the influence of sampling features
in the analysis.

Operating with the panel tests requiring balanced data panels, we perform a more thor-
ough analysis. The LLC and IPS tests deliver results that highly depend on the panels’ spans
and data frequency. No pattern emerges since our conclusions on sampling and frequency
robustness depend on the chosen panel spans, reinforcing the impact of the sampling span
in conducting unit-root analysis.

It must be noted that the Hadri test delivers results that are invariant to sampling features.

Our research contributes to the literature by employing unit-root tests to a larger dataset
than empirical investigations in the literature. Our central focus is on understanding the
influence of sampling features in conducting unemployment dynamics analysis.

Even though we thoroughly investigate the impact of sampling features in unit-root tests
conclusions, we deal with software limitations. The software does not allow for certain tests’
specifications and lacks credible implementations of more advanced unit-root tests.

We consider that similar methods should be employed to analyse sampling characteris-
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tics’ influence in more recent unit-root tests, to assess their conclusions’ sensitivity to those
bl

features.
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Annex

A USA - INlustrative example

USA Yearly Data - KPSS Constant Short Version

USA Yearly Data - KPSS Constant Long Version
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USA Yearly Data - DF-GLS Demeaning Short Version USA Yearly Data - DF-GLS Demeaning Long Version

g P g
Y Y
£ \ 3.
H H
Es £
s g
3 £
H . . - . H . - . .
1960 1980 2000 2020 1960 1980 2000 2020
- Unit Root absonce ~— Unit Root presance. - Unit Root absonce = Unit Root presence
USA Quarterly Data - DF-GLS Demeaning Short Version USA Quarterly Data - DF-GLS Demeaning Long Version
s 125+
2 2
g g
S100 S 100-
3 . £
g A A g
75 75+
e W )
s ~\’\/~ . ) \
E so0 £ so0- -
H s H
2 g
H H
1960-1 19801 20001 20201 1960-1 19801 20001 202041
- Unit Root absence — Unit Root presence - Unit Root absence — Unit Root presence
USA Monthly Data - DF-GLS Demeaning Short Version USA Monthly Data - DF-GLS Demeaning Long Version
g5 g5
g g
H | |3 |
B2 g1
g, A E
£ [ s N
g g “\_J
2 6 \ s 6
£ E
2 2
S S
1960 1980 2000 2020 1960 1980 2000 2020
- Unit Root absence = Unit Root presence. - Unit Root absence == Unit Root presence
. .
Figure 5.3: DF-GLS Test: Demeaning - USA
USA Yearly Data - DF-GLS De-trending Short Version USA Yearly Data - DF-GLS De-trending Long Version
g g
£ &
£ 8 e 8
§ H
S £
g g
2 a
H H
1960 1980 2000 2020 1960 1980 2000 2020
- Unit Root absence ~— Unit Root presence. - Unit Root absence = Unit Root presence
USA Quarterly Data - DF-GLS De-trending Short Version USA Quarterly Data - DF-GLS De-trending Long Version
S2s Szs!
H H
Z100 £ 100-
£ H
§ §
£ 15 £ 75
K] K]
3 3
£ s0 £ so-
H H
2 2
H H
1960-1 1980-1 20001 20201 1960-1 1980-1 20001 20201
- Unit Root absence — Unit Root prasence - Unit Root absence — Unit Raol presence
USA Monthly Data - DF-GLS De-trending Short Version USA Monthly Data - DF-GLS De-trending Long Version
18 15
] r
£ £
H E
g N g
3 ~\ 3
s 6 S 6
£ €
§ §
53 53
1960 1980 2000 2020 1960 1980 2000 2020

- Unit Root absence —— Unit Root presence - Unit Rool absence Uit Root presence

Figure 5.4: DF-GLS Test: Detrending - USA

51




Unemployment rate (%)

Unemployment rate (%)

Unemployment rate (%)

Unemployment rate (%)

Unemployment rate (%)

USA Yearly Data - ZA Intercept Break - Short version

USA Yearly Data - ZA Intercept Break - Long version

Unemployment rate (%)

NV R%SNAN

1960 1980 2000 2020
—_ Unit Root absence = Unit Root presence

USA Quarterly Data - ZA Intercept Break - Short version

1960 1980 2000 2020
—_ Unit Root absence = Unit Root prosence

USA Quarterly Data - ZA Intercept Break - Long version

Unemployment rate (%)
Unemployment rate (%)

1

1

25

00-
751
oo J\A\

19601 19801 20001 20201
- Unit Root absence —— Unit Root presence.

USA Monthly Data - ZA Intercept Break - Short version

1960-1 19801 20001 20201
—_ Unit Root absence — Unit Root presence

USA Monthly Data - ZA Intercept Break - Long version

15 g1
Y
2 gu
H
g
LI \
s s
Vo H
3 5
1960 1980 2000 2020 1960 1980 2000 2020
- Unit Root absence ~— Unit Root presence - UnitRoot abssnce = Unit Root presence

Figure 5.5: ZA Test: Break in intercept - USA

USA Yearly Data - ZA Trend Break - Short version

USA Yearly Data - ZA Trend Break - Long version

g
&
8 Es
H
6 £
3
|
H
1960 1980 2000 2020 1960 1980 2000 2020
- Unit Root absence ~— Unit Root presence. - Unit Root absence = Unit Root presence
USA Quarterly Data - ZA Trend Break - Short version USA Quarterly Data - ZA Trend Break - Long version
125 K125+
H
100 £ 100-
H
H
75 £ 75
3
50 E 50- \V\
H
2
H
1960-1 1980-1 20001 20201 1960-1 1980-1 20001 20201
- Unit Root absence — Unit Root prasence - Unit Root absence — Unit Raol presence
USA Monthly Data - ZA Trend Break - Short version USA Monthly Data - ZA Trend Break - Long version
15 gn
Py
12 £
H
9 g0
[ 2
6 2 \
A g
3 53
1960 1980 2000 2020 1960 1980 2000 2020
- Unit Root absence ~— Unit Rool presence — Unit Root absence ~— Unit Root presence

Figure 5.6: ZA Test: Break in trend - USA

52




USA Yearly Data - ZA Intercept + Trend Break - Short version

USA Yearly Data - ZA Intercept + Trend Break - Long version
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