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Abstract

This study compare twenty four panel unit root tests belonging to the null hypothesis of
unit root and null hypothesis of stationarity on the basis of size and power properties using
Monte Carlo simulations. Eighteen tests having the null hypothesis of panel unit root and
six tests having the null hypothesis of stationary have been compared using stringency
criterion discussed by Zaman (1996) to make comparison under a unified framework. For
this comparison, first size of all (unit root and stationary) tests have been stabilized around
nominal size of 5% by using simulated critical value instead of asymptotic critical values.
The critical values are computed by Monte Carlo simulations assuming different level of
the cross section in the panel and different time series length. After equalizing size of all
panel unit root tests, power comparison of tests have carried out for both categories of tests
for two specification of deterministic parts: with intercept term and both with intercept and
trend terms. A standard bench mark on the basis of maximum shortcomings is made to
identify best, mediocre and worst tests before making comparison for fixed cross section
units with varying level of time series and vice versa. It is observed that De Wachter, Harris
and Tzavalis (DWH); Im, Pesaran, and Shin (IPS); Levin, Lu, and Chu (LLC); and
Westerlund (WT) tests having the null hypothesis of panel unit root are found to be best at
small, medium, and large samples. The second category tests having the null hypothesis of
stationary have concluded Hadri (HD) and Hadri and Larsson (HL) tests as the best
performing tests as compared to other stationary tests in the both specification of
deterministic cases. Empirical evaluation of best performing panel unit root tests have been

carried out using purchasing power parity hypothesis on the basis of bootstrap method for



sixteen OECD countries. The results of empirical study justify simulation study results for

the best performing tests on the basis of empirical power.

Keywords: Simulated Critical Value, Stringency Criterion, Maximum Shortcomings,

Convergence Pattern, Divergence Pattern, Bootstrap Method.
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Chapter 01

Introduction

1.1. Brief Introduction

In the last three decades, unit root techniques have been utilized in the empirical literature
1o observe whether a process has an infinite long memory (implying that process will be
permanently affected by an innovation) or limited memory (implying that process will be
temporarily affected by an innovation). From economic point of view, these long- and
short-run memory properties make the existence of a unit root an interesting question. In
stationarity models, shocks (such as policy interventions) have a temporary effect, whereas

in the unit root models, shocks have persistence effects that remain forever.

In the time series literature, there exists a large number of unit root tests developed in
different studies, Dickey and Fuller (1979), Phillips and Perron (1988), Kwiatkowski et al.
(1992), Ng and Perron (2001), Elliott, Rothenberg, and Stock (1996), Dickey and Pantula
(1987), to identify an infinite long-memory or short-memory process. These tests have
been developed based on different assumptions and structures for time series data. These
tests get reasonable power if the prior specification decisions are correct, however, they do
not have much power when there is mismatch in the data generating process and testing
model. This problem of making specification decisions have been solved through the
induction of adequate autocorrelation, trend, moving average, and heteroscedastic terms in
the test model to get higher power for the tests under investigation (see, Dickey and Fuller
(1981), Elliott, Rothenberg, and Stock (1996)). Despite all these, the performance of time

series unit root tests is under investigation because every decision has a specific probability



of error. One of these errors in the decision-making is the large sample size needed to make
a reliable inference. In time series, such huge sample seems implausible showing the lack
of information which results in low power gain of time series unit root tests to reject the

null hypothesis of interest.

In order to increase power of unit Toot tests, researchers have introduced panel tests and
bivariate unit root tests in their studies, these studies include: Levin, Lin, and Chu (2002),
Im, Pesaran, and Shin (2003), Phillips and Sul (2003), Bai and Ng (2004), Hadri (2000),
Hadri and Larsson (2005) etc. A two dimension unit root tests, panel unit root (PUR} tests,
have an advantage over time series unit root tests by exploiting the information of cross
section units along with time series units to have a superior power gain over time series
unit root tests. In time series, if Yi and Xj are two independent nonstationary random
vectors, and a regression is performed from Yito Xy with respect to time series for a certain
cross section unit resulting a lack of cointegrating relation between Yirand Xi, Results of
this regression is characterized as spurious with nondegenerative limiting distribution of
the regression coefficient, Barreira and Rodrigues (2005). Panel data tackle this problem
when testing for unit root and cointegration by adding the cross section unit and increase

the number of observations and power of the tests.

There are many PUR tiests proposed in the literature to describe dissimilar features of panel
data but these tests are complicated due to heterogeneity, unbalanced panels, and cross
sectional dependence as compared to time series. Hadri (2000), Chot (2001), Levin, Lin,
and Chu (2002), Im, Pesaran, and Shin (2003), Phillips and Sul (2003), Bai and Ng (2004},
Moon and Perron (2004), Hadri and Larsson (2005), Pesaran (2007) ete. introduced their

tests based on different properties to test for PUR. These tests are categorized into two



groups. First group of tests are called first generation PUR tests, which are designed for
independent and uncorrelated cross section properties. Hadri (2000), Choi (2001), Levin,
Lin, and Chu (2002) and Im, Pesaran, and Shin (2003) are the first generation PUR tests.
On the other hand, the second generation PUR tests have been developed for the correlated
cross sections properties. The unit root tests of Phillips and Sul (2003), Bai and Ng (2004),
Moon and Perron (2004), Hadri and Larsson (2005), and Pesaran (2007) belong to the

second generation PUR tests.

Levin, Lin, and Chu laid the foundation of PUR tests in 1993 by introducing their test but
their test was published in 2002. Levin, Lin, and Chu (2002) derived the limiting
distribution for the test statistic which follow normal distribution as compared to non-
standard limiting distribution of time series unit root tests. Maddala and Wu (1999)
developed their PUR test, with the basic idea of Fisher (1934), using the p-value from the
ADF regressions provided that cross-sectional independence is assumed. Breitung (1999}
suggested a pooled PUR test which does not need bias correction factors. Breitung (1999)
used an appropriate variable transformation to get test statistic without bias correction.
Choi (2006) test was originally developed in year 2001 but published in 2006, introduced
a PUR test using a two way error component model to model the cross-dependence. This
two way error component model imposes same pair wise covarinces across the different
cross section units. Chang (2002) introduced a nonlinear instrumental variable based
approach to deal with cross sectional dependence. Im, Pesaran and Shin (2003) suggested
a panel test based on the mean of individual unit root statistic for the dynamic

heterogeneous panels.



Similarly, Phillips and Sul (2003) proposed PUR test using orthogonalization procedure
which eliminates the common factors in the residual one factor model. Moon and Perron
(2004) developed their PUR test based on de-factored observations by estimating the factor
loadings using the principal component method. Bai and Ng (2004) proposed their test by
allowing the possibility of unit roots in the common factors. Oh and So (2004) introduced
a robust test based on the sum of sign test statistics in the dynamic heterogencous panels
across the groups. Pesaran (2007) announced his PUR test which uses individual ADF

regressions with cross section averages to incorporate error cross section dependence.

De Wachter et al. (2007) introduced PUR tests based on generalized and instrumental
variable estimators. Sul (2009) presented a recursive mean adjustment (RMA) procedural
based PUR test under the cross sectional dependence. Lee and Wu (2012) introduced their
test by accommodating smooth structural changes in deterministic components and cross
sectional dependence among variables. Demetrescu and Hanck (2012) carried their
research and developed an instrumental based error volatility PUR test, this test is
constructed on the basis of robust to nonstationary of error volatility. Another robust test
for heteroscedastic and cross correlated errors for the null of PUR has been introduced by
Westerlund (2014). Westerlund (2014) elaborated this panel test statistic by assuming
heteroscedasticity in the deterministic part of the model. Westerlund and Larsson (2012)
used a random autoregressive coefficient across cross section units to propose a

heterogeneous PUR test.

Besides PUR tests for the null of unit root there are few tests developed to test the null
hypothesis of stationarity. Hadri (2000) laid the foundation of PUR tests under the null of

stationarity and proposed a residual-based Lagranger Multiplier (LM) test to test the null



hypothesis of stationarity of an individual series against alternative of PUR. Hadri and
Larsson (2005) further enhanced Hadri (2000) test and introduced the test for finite time
dimension in the panel data. Harris et al. (2005) developed a robust stationary test in the
occurrence of both serial and cross sectional dependence across the panels. Snell and Shin
(2006) accelerated their research in the null hypothesis of stationarity testing and developed
a panel-based mean group test in the presence of serial correlation across time and
heterogeneity across cross section units. Hadri and Kurozum (2009) introduced a test
which is based on common factor of the error term of the model to model cross section
dependence. Demetrescu et al. (2010) suggested a new test for the null of stationarity which
allows persistance correlation of the cross units in the form of an unbounded norm of the
panel long run correlation matrix. However, the number of developing PUR tests are
growing fast with enhanced assumptions and mathematical structure to tackle more and

more problems which exist in panel data.

All of the above tests (i.e. tests for the null hypothesis of unit root and stationarity) rely on
different assumptions specified for the independent and dependent cross sections and time
series, and cross correlated and uncorrelated errors. Many comparative studies, which are
based on Monte Carlo methods featuring different behavior of the panel data, have been
conducted to evaluate the performance (i.e. comparison of size and power properties) of
the PUR tests. These studies include, Maddala and Wu (1999), Hlouskova and Wagner
(2006), Gutierrez (2006), Pesaran (2007) etc. However, all these comparative studies have
taken a small number of PUR tests and many tests remained out of the comparison making
the comparison meaningless. Also, every test is based on a particular set of assumptions

and performs well in Monte Carlo experiments when the data generating process matches



the assumptions for that test. There is no evidence that which of the test is most robust to
the distributional assumptions and give reasonable performance even in case of violation
of assumptions. Moreover, most of the comparative studies have carried out using
asymptotic calculation which lose the validity in finite samples. A critical value adjustment
is needed for small sample to make a reliable inference of comparative tests under

investigation.

All these comparative studies have not achieved any inclusive inference showing the week
and strong areas of these tests. For example, one author shows a specific PUR test to be
better regarding size and power properties as compared to the other tests. While second
author demonstrates a second study and shows that an another different test is having better
size and power properties as compared to the size and power of all other tests under

investigation.

This study, therefore, evaluate the performance of two categories of PUR tests: tests having
the null hypothesis of unit root and tests having the null hypothesis of stationarity under a
single frame work of stringency. Stringency criterion has been discussed by Zaman (1996)

which compares the tests by considering the whole set of alternatives.



1.2. Motivations

There are four main problems in the previous comparative studies of PUR tests. However.
we try to take these into account so that an extensive overview of the performance of PUR

tests could be given.

In the existing literature, asymptotic critical value has been utilized to find the empirical
size of tests by keeping in view nominal size equal to 5%, which causes over rejection
problem. This over size problem creates misleading conclusions about panel data under
investigation. All of the existing comparative studies have used asymplotic critical values
to make comparison. This have caused over rejection problem for a certain test but that test
is observed as powerful test according to power evaluation creating wrong conclusion
about that test. All of such studies, Maddala and Wu (1999), Hlouskova and Wagner
(2006}, and Gutierrez (2006), have reported conclusive results. It is required to adjust the
size of the tests before making comparison to make comparison meaningful. This study
tackles this over and under sized problems and provides a simulated based critical value to

stabilize the size of all the tests.

In previous comparative studies, a small number of PUR tests have been considered to
evaluate the size and power properties of tests. Many tests remain out of the comparison.
making the comparison meaningless. Every PUR test is based on particular set of
assumptions and performs well into Monte Carlo simulation method when the data
generating process matches the assumptions. There is no idea that which of the test is most
robust to the distributional assumptions and give reasonable performance even in case of

violation of assumptions. To the best of our knowledge. so for, Hlouskova and Wagner



(2006) have contacted an extensive study in which they have compared few PUR and
stationarity tests through large scale simulation study but they get mixture results. This
study takes a large number of major PUR tests to make an extensive comparison of the

tests for different combination of time series and cross section dimensions.

All the existing comparative studies take a few alternatives hypothesis to make
comparisons, our study take the whole set of alternatives for a similar category of tests
(tests with null hypothesis of unit root and tests with null hypothesis of stationary) to

properly evaluate the power performance of PUR tests at each alternative.

No unified framework has been used to compare PUR tests in the existing comparative
studies. All of these simulation studies, Maddala and Wu (1999), Hlouskova and Wagner
(2006), and Gutierrez (2006), produce different results because these studies do not follow
a specific standard framework to compare PUR tests. Our study compares all PUR tests
under a single framework to make comparison meaningful. In this study, this framework

is known as stringency criterion to compare a similar category of tests.

1.3. Research Gaps

In the literature, numerous comparative studies have used asymptotic critical value to
evaluate size and power performance of PUR tests but this cause over rejection problem
for the null hypothesis of interest. This study uses simulated critical value instead of
asymptotic critical value to overcome size distortion problem and stabilize the size of all
PUR tests so that power comparison of PUR tests makes scene. Also, the unified
framework (stringency criterion) which is used in this study based on stabilized size to

make power comparison meaningful.



Previous comparative studies, Maddala and Wu (1999), Hlouskova and Wagner (2006),

and Gutierrez (2006), have taken few alternatives to analyze the power of tests having the

null hypothesis of unit root and null hypothesis of stationary. In order to tackle this issue,

this study considers all set of alternatives in a whole sample space for the tests under

consideration to evaluate the power of PUR tests comprehensively for different

specification of deterministic terms.

The main gap in the literature is that no single study has compared a large number of tests

under a single framework. However, this study has tackled this problem and have compared

twenty four PUR tests both having the null hypothesis of PUR and stationary under a single

frame work which provides us to have a comprehensive look of size and power properties

of all PUR tests.

1.4,

Objectives of the Study

The first objective of our study is to investigate the least size distortive, largest size
distortive, and stable size PUR tests having the null hypothesis of unit root and
stationary from nominal size of 5% under the usage of asymptotic critical values.
As mentioned earlier that stringency criterion uses a stabilized size of the tests (o
be compared in a single framework. The second main objective of the study is to
stabilize the size of all PUR tests by finding simulated critical values of all tests
under consideration. These simulated critical values are calculated for various
specification (i.e. with all combination of cross section and time series dimensions
in the presence of deterministic terms) under H,.

After stabilizing the size, the third main objective of the study is to find power at
various specification under Ha and identify the best performer test for the null

9



hypothesis of unit root in panel data for various specifications under stringency
criterton. The secondary objective of the study is to identify mediocre and worst
performer tests for the null hypothesis of unit root for various specifications (with
all combination of cross section and time series dimensions in the presence of
deterministic terms) under stringency criterion. For this purpose, a point optimal
test for null hypothesis of PUR under the DGP-A (Data Generating Process) in
methodology section has been discussed which is based on Neyman Pearson
Lemma (Neyman and Pearson (1992)) for stringency criterion.

The fourth main objective of the study is to identify the best performer test having
the null hypothesis of stationarity for varying level of time series and cross section
dimensions in the presence of deterministic terms. The secondary objective is to
identify mediocre and worst performer tests for the null hypothesis of stationarity
in panel data by examining power of the tests under stringency criterion for ail
combination of cross section and time series dimensions. A point optimal test for
the null of stationarity is given in the methodology section under the DGP-B to
determine the best, mediocre and worst test for each cross section with smallest to
largest sample sizes.

The fifth main objective of our study is to apply best performing PUR tests on
monthly real data from OECD countries based on purchasing power parity
hypothesis and empirically evaluate the powers of these tests using bootstrap

method.

10



1.5. Significance of the Study
This study helps researchers to use simulated critical values rather than asymptotic critical
values to avoid over rejection problem for certain tests in the real data. If a test faces over

rejection problem then it provides a wrong decision about the behavior of integrated series.

Further, this study guides practitioner to evaluate the power performance of all tests under
a whole set of alternative rather than for a few alternatives to make power evaluation clearly
at each specific alternative point of all tests with all combination of specifications belong
to a similar category (i.e. tests having the null hypothesis of unit root and test having the

null hypothesis of stationary).

Point optimal tests help researchers how to use these tests for comparative purposes to
avoid misleading and biased results that is observed in the past comparative studies. These
tests also help researchers to understand the importance of such a large number of tests for
comparison purpose which enables practitioners to use a PUR test in real data which has
better power as compared to the other tests for small, medium and large time series and
cross section dimensions corresponding to different specification of deterministic terms
under a unified framework. Also, practitioners will also avoid to use a test of PUR which
has worst performance under stringency criterion for the null hypothesis of unit root and

stationarity for panel data.

This study will help researchers in the field of applied economics and finance to apply best
performer tests and avoid applying worst performer ones for different level of time serics
and cross section dimensions to investigate the integrated series in panel data. In this study.

purchasing power parity example has been taken and discussed for the best performer tests
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by using bootstrap method to empirically investigate their powers in finite and large time

and cross section units. This will help practitioners to use the same methodology for other

real panel data.

1.6. Structure of the Thesis

This study contains eight chapters. The first chapter includes the brief introduction of our
study, research motivation, research gap, study objectives and study significance. The
second chapter is organized to discuss the background of the PUR tests proposed in the
literature in the first section, while second section discusses revision of the comparative
studies of PUR tests. A methodological layout is discussed in Chapter 3, which describes
two type of data generating processes, point optimal tests, power curves and envelopes,

and stringency criterion to carry out comparative study.

In Chapter 4, size distortion of both types of PUR tests (PUR and panel stationary tests)
have been discussed under the asymptotic critical value. In Chapter 5, a detailed study of
controlling the size under a simulated critical value is described for the null hypothesis of
unit root and stationary. Sixth chapter of the study makes comparison of the PUR and
stationary tests under the stringency criterion to analyze the effect of time series over cross
section units and vice versa. Seventh chapter of our study empirically evaluates the power
performance of best performing PUR tests for OECD countries. Last chapter of this study
is organized to discuss overall conclusions and recommendations. The directions for future

research are also mentioned at the end of final chapter (Chapter 8).
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Chapter 02

Literature Review

2.1. The Priors Panel Unit Root Tests

Testing for unit root in the field of economics and finance for panel data has become a
regular and mandatory practice among researchers after the appearance of the paper of
Levin, Lin, and Chu (1993). Although, they have published their PUR based paper after
ten years. It is generally accepted argument that unit root tests based on time series data,
like Dickey-Fuller (DF), Phillips-Perron (PP), Augmented Dicky-Fuller (ADF),
Kwiatkowski, Phillips, Schmidt and Shin (KPSS), Ng and Perron (NP), Generalized Least
Square transformed Dickey-Fuller (DFGLS), and Dickey~Pantula (DP) tests lack power in
distinguishing the null of unit root from alternatives of stationary in small samples. In this
aspect, information related to various countries or individuals are added to increase the

power of unit root tests.

2.2. Review of Panel Unit Root Tests

In the first section of revision of PUR tests, first and second generation of PUR tests have
been discussed under the null hypothesis of PUR and under the alternative hypothesis of
stationary. In the second and last part of the literature review, the first and second
generation of panel stationary tests have been deliberated with their assumptions and

mathematical structure.
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2.2.1. Panel Unit Root Tests with Null Hypothesis of Unit Root

2.2.1.1. Moon and Perron (MP) Test

Moon and Perron (2004) proposed their test for cross-correlated panels using the factor
model approach to model the cross sectional units. They argues that tests with assumption
of cross sectional independence, like LLC test, face size distortion problem if the common
factors are present in the panel. They incorporated cross sectional dependence problem by
eliminating the common components of the series through proper transformation. This test

considers the following dynamic model.
V=X b rx X, =px i u =P five, @.1)

where x denotes the deterministic terms, x, represents an autoregressive process and u,
follows a factor model with a common factor component f, and with S factor loading

coefficients. Moon and Perron (2004) used projection matrix (), to remove the cross section

dependence in equation (2.1) and compute the unbiased estimator as follows,

w(Y,0,7 )~ NTA}
r(Y.,0,7.,)

(2.2)

+ j—
2 pool T

where y denotes the lagged matrix, tr() and A" shows the trace operator and one-sided

long-run variance of the cross sectional average of e, , respectively. They used principal
components of €¢=(Y-p, ¥ DY - P Y1) 10 compute projection matrix o, and factor

loadings coefficient 3, where a pooled AR ([)M,) is the ordinary least square estimate. On
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the basis of (2.2), Moon and Perron (2004) proposed the following two modified test

statistics:
‘ :M (2.3)
. . 1 N

And t; =INT (5, -1) \/ﬁrr(x.QﬁY, ) e (2.4)

where ﬁ;oo,is the biased corrected pooled AR estimate of equation (2.2), @’ is the cross

. . - 74 .
sectional averages of long run variance of é,and ¢, denotes the cross sectional average of

~4
o

(£

Moon and Perron (2004) found that both of the statistics have converge to normal
distribution under null hypothesis of unit root while have a divergent behavior under
alternative hypothesis of stationarity. In fact, the models of MP and LLC tests become
similar with common AR root if cross section dependence unit removed from Moon and
Perron (2004). In other words, both of the models with pooled estimators have same
convergence rate by removing the cross section dependence in Moon and Perron’s (2004)

model.

2.2.1.2, Phillips and Sul (PS) Test

Phillips and Sul (2003) suggested a PUR test similar to the Moon and Perron (2004) test
procedure but differs in that only one factor is allowed in equation (2.1) which is supposed
to be independently distributed over time. Phillips and Sul (2003) computed projection

matrix (J; by a moment based method instead of principal components method by
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eliminating the common factors which creates the main difference between Moon and

Perron (2004) and their own test. They proposed the following test statistic:

- a..
=1 2

oy (A -)
G = ~ — . (2.5)
Oors -\/EO'; Zl: lu-,.
where f?,' and 6"3. denote de-factored data’s cross sectional autoregressive estimates and

its standard errors, while /. and 6’5. show the asymptotic mean and variance, respectively.

Further, Phillips and Sul (2003) calculated their statistic asymptotic distribution and
showed that it converge to normal distribution as the time and cross section dimension goes

towards infinity,

2.2.1.3. Bai and Ng (BNG) Test

Bai and Ng (2004) suggested a different methodology as compared to the MP and PS PUR
tests. They considered a factor structure of large dimensional panels to understand the
nature of non-stationary in the data. Bai and Ng (2004) started with the following model to

develop their test

Y, =X,0,+4F +e, (2.6)
F= E—I +f;
and € = P€ + &,

where X, denotes the deterministic components, F, and A, show a vector of common

factors and associated factor loadings, respectively. In other words, series Y, is generated

as the combination of deterministic components, common component. and the
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idiosyncratic component. Moreover, ¢, and f, are generated from moving average

process. Bai and Ng (2004) adopted equations (2.1) and (2.6) with only one factor to test
the null hypothesis of unit root. Hence, they have the following model in the presence of

both of the non-stationary components (i.e. idiosyncratic components and common factor).

r
g,

T
y:r = &EU +%Zfr +Z
1=1

=1

Both of these components, idiosyncratic components and common factor, are separately
tested for unit root. Also, under the alternative hypothesis, equations (2.1) and (2.6) show
very marginal differences. They used principal component method of the matrix of

observed data to compute common factors (A7) and associated factor loadings (2 )

consistent estimates. Thus, estimated residuals are calculated as A, = Ay, —AAf , and

A T T
f; :ZA]‘; » & T ZASIS s i=12,... N

Thus indicates a straight and simple way to test the null hypothesis of unit root for the
idiosyncratic component and common factor separately. If only one factor is present with
factor component, Bai and Ng (2004) suggested to use simple ADF test. However, if the
number of factors are more than one then a modified test statistics of Stock and Watson
(1988) have been suggested by Bai and Ng (2004). If the idiosyncratic components are to
be treated, then Bai and Ng (2004) used a meta-analysis procedure which is basically
developed by Maddala and Wu (1999). This procedure combines p-values from any unit

root test statistic. Bai and Ng (2004) computed ADF test for each cross section and
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combined p-values against each ADF test statistic for each idiosyncratic component. The

test statistic is given by,

—-22'\’ log p, (i)-2N «
P = =l £ - N{0,1 2.7
€ m ( ) ( )

where p, denotes the p-value of the ADF test on the estimated residuals €, in equation

(2.6). The test statistic in equation (2.7) converges to standard normal distribution if errors
are assumed as independent.

2.2.1.4. Levin, Lin, and Chu (LLC) Test

Levin, Lin, and Chu published their work in 2002 which was initiated in 1993, in their
study, they proposed a pooled based panel test statistic to test the null hypothesis of unit
root for each individual time series against the alternative hypothesis of stationary for each
time series. This test is considered to be the first one in the PUR literature as well under
the assumption of cross sectional independence. Similarly, error variance and serial
correlation across individuals are permitied to vary freely to develop their test. They used

the following model to develop their test statistic.

i
Ayﬂ = aryl,-'—! +Z/ByAyr,f-j + X'H 5 +€u‘ (28)
=1

To test Hy:a, =0 against homogenous alternative H, 1, <0, where & =0, ~1 and p;,

to vary across cross sections. X ;, shows the deterministic terms involved in equation (2.8).

LLC test has the following procedure.
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First, regressing both Ay, and ¥, on Ay, (forj=12,..p)and X, to get (ﬁ&) and

( 4.6 ) Secondly, by considering

L. " roo ~
Aylf :Ayu _Zﬂf,lAy.‘,f—f _Xrua and j;r,f—l :-yi.l—l _ZﬁuAyﬂ—f _/Y 'HO
1=}

=
Auxiliary equations have been used to remove autocorrelation and deterministic terms.
Thirdly, proxy variables Ay, and 7, have been obtained by dividing AV, and 7,,, by
standard error S of the ADF equation (2.8). Lastly, a pooled proxy equation
Ay, =ay, ., +1n,is used to estimate . In the absence of deterministic terms the test

statistic £, converges to standard normal distribution while in the presence of deterministic
terms (i.e. with drift term only and, with drift and trend term both) this test statistic diverges
to minus infinity. In the case of divergence, a normalized has been achieved towards

normal distribution by reentering and normalizing the 7. Thus, LLC test statistic is given

by

—(NTVS . 635e(&) . *
P G N CO R A

mi

where, 1, =d/se(a@), T=T-_p,/N)-1, G; and S, denote the error term estimated

variance and mean ratios of long run to short run standard deviation in equation (2.8) for

each individual, respectively. A kernel based technique has been used to find the long run

variance. The adjustment terms of mean ( 4, ; *)and variance ( .7+ ) have been used from

19



LLC tables for different deterministic terms. Also, this adjusted test statistic converges to

standard normal distribution in the present of deterministic terms.

2.2.1.5. Breitung (BU) Test

Breitung (1999) developed a pooled PUR test like LLC test using model (2.8) and
assumption of independence. This test does not require bias correction factors as compared
to LLC test which is achieved through appropriate variable transformation. Like LLC test,
BU test also has three cases to develop PUR test. In the first case, if there is no deterministic
term in the model then no bias correction is required to develop the test statistic. If only
drift term is present then by subtracting the initial value of the data bias correction factors
c¢an be removed. In these both cases. the test statistics follow standard normal distribution
by avoiding the correction factors which were used in LLC test. However, if both of the
deterministic terms are present in the model equation then a different method is adopted as
compared to first two cases. In this case, a complex correction factors are applied after
removing the serial correlation in the regression. In short, BU test is different in two distinct

ways than LLC. First, proxy variables are obtained by removing only AR terms. That is,

P /I
Aylf _Z yAny—; yi.lfl _-Z':ﬁf,rAyr.r_]
Jj=

1
Ry ! 5.

i i

Second, both of the proxy variables have been transformed and detrended.
. (-0 [ A . }
Ay = |—| A} ———(A + .+ A
[ yu‘ (T—[+1) yt.' —t( yn+l y:,')

o
and Yo =7, —y,l—ﬁ(y,r—y;l)
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Then estimated value of & is obtained from the following regression.

Ay, = ay:.r—l TV,
According to Breitung (1999), «* converges to standard normal distribution
asymptotically. The number of lags specification, which is used in cross section ADF
regression, and exogenous variables are required in Breitung (1999) test method to
distinguish it from LLC test. Also, BU test does not need to compute kernel density
estimator as LLC does.
2.2.1.6. Im, Pesaran, and Shin (IPS) Test
Im, Pesaran, and Shin (2003) suggested a PUR test for dynamic heterogeneous pane! based
on average of individual unit root test of the ADF regression. This test is developed under
the assumption of cross sectional dependence and can be used if drift only or both drift and
trend terms are present in the model equation under investigation. Im, Pesaran, and Shin
(2003} have used an identical lag lengths and a balanced panel is required to apply this test

statistic. They used the model presented in equation (2.8) to test the hypothesis /¢, =0
against 1, 1o <0. The average of the #-statistics from equation (2.8) of individual ADF

regressions is defined as by Im, Pesaran, and Shin (2003),

h [ = : T o= ' -t d
where  /, =— , G, ==t M, =1 -7 (r;7,) r,, an

r=(11.... l)' . This test statistic is simply called t-bar test in the literature and is abbreviated

as the IPS test. According to Lyapunov central limit theorem., this test follows a standard
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normal distribution under the null hypothesis for a fixed T when T>5 in the case of drift

term only and, T>6 in the presence of both of the drift and trend terms, and is defined as.

N {ibar - N E(7, )} «

= =>N(0.1)

\/N—IZ,\QVW(’?;)

Here E(Fr;) and Var(t", ) denotes the mean and variance of fbar test statistic, respectively.

har

The values of these moments are given in the Im, Pesaran, and Shin (2003) paper for
different level of time series and cross section dimensions which have been obtained from
Monte Carlo Simulations. Im, Pesaran, and Shin (2003) conducted a simulation study and
found that IPS test is performing better as compared to LLC test if the number of lag order
to be selected is large from the ADF regressions.

2.2.1.7. Fisher Type Tests

Maddala and Wu (1999) and Choi (2001) used the Fisher (1934) results of combining the
p-values to develop their PUR tests.

2.2.1.7.1. Maddala and Wu (MW) Test

This test statistic is dated back to Fisher (1934) and is used to test the significance of
independent tests of a hypothesis from independent cross sectional results. MW PUR test
is developed by combining the observed significance level (p-value) of the individual test
statistic of the ADF regression using the assumption of cross sectional independence. Using

equation (2.8) as a base model to test H, 1, =0 against H,:c, <0, p-value of each

cross section is obtained and PUR test is defined as.

N
P=-23"Inp, -z
=1
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where ‘p;” represent the observed significance level of the ADF regression for each cross
section. This test statistic can be applied for any type of PUR problem fulfilling the
condition of cross sectional independence. Also, MW test statistic does not need balanced
and identical lag length for each cross section equation.

2.2.1.7.2. Choi (CHO) Test

CHO test developed using the same regression model and same methodology as MW test
did but for sufficiently large cross section unit and with a degenerate limit distribution.

Choi (2001) suggested the following panel statistic to test /7, :«r, = 0 against H,:a <0

with £(-2Inp,)=2 and Var(-2In p,)=4.

e
Z=—=) (21 -2)—> N{0,1
ZW;( np, ) ( )

This test statistic is corresponded to the standardized form of the average of cross sectional
univariate p-values. According to Lindeberg-Levy central limit theorem, this test statistic
converges to standard normal distribution under the null hypothesis of unit root and
assumption of cross sectional independence of p-values as both time series and cross

section units approaches towards infinite.

2.2.1.8. Chang (CH) Test

CH test introduced by Chang in 2002 to model the cross sectional dependency of panel
data using a non-linear instrumental variable estimation method. Cross sectional
dependency structure is utilized among the residuals of the cross units. Also, CH test aliows
both balance and unbalance panels under the null hypothesis of PUR under investigation.
The idea is to estimate the ADF regression using a nonlinear instrumental variable

estimation method and lagged levels of y. | 's as instruments nonlinear transformation
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for each cross section. A nonlinear transformation of lagged values of dependent variable

is used as instruments to develop CH test. Chang (2002) used the following model to

introduce CH test.
. By
=X, 0,4 Py, + D 0,0, +E, (2.9)
k=1

where ' (L)u,, = €, 1s an AR(pi) process. An average of the individual test statistic from
cquation (2.9) has been taken to test the null hypothesis #,: p=1 forall i vs H :lpl <1

for some ;. Chang (2002) introduced the following average t-ratio test statistic

1 ¢ o -1
S_\:—NZ:Z,, where Z = (7

where P, is defined as p, —1= B; A, and, S( p') is the standard error of the IV-estimator

P, given by s(p, )’ =GB C,,

b

C, - iF(y,‘,_, ) —iF(y,-,,_l )%, [ixux;! J 2% F(v)

=1 1=1

~
18
]

And ' =T" &2,
&, denotes the fitted residuals from the base regression and F, i.e. F ( y”-]) is called the

instrument generating function (IGF) which is to be correlated with Y,..1. According to
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Chang (2002), CH test statistic follows standard normal distribution asymptotically for
time series diemension only. In the presence of the determinstic terms, a proper demeaned
and detrended method is suggested before applying CH test statistic. If model equation has

only, a drift term, then the demeaned series is defined on the basis of equation (2.9) and

Z, =H+Yy, as

Y =ayl |+Za;xAvfﬂr i te,,

; Mo -
where Y, =I,— Z_,k,
=145
1 -
AL -
Yia = “i- “ir
t-143
A A
Ay =02, s k=12, p

If a linear trend model is taken into account, then the following detrended procedure is

utilized for z, = 4 +5¢ +y, as

pﬂ
r_ r r
Vi = afy.'_l—l +Zaz,chy:_,'-k + €rs

k=1

bl [l | 1
Where yn' - i Z t(t I)Zlalk _-?Zﬂ;a
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2.2.1.9. Oh and So (OS) Test

Oh and So (2004) published their work in the PUR literature and suggested a robust PUR
test grounded on the sum of sign-type test statistic across the groups in the dynamic
heterogeneous panels. OS test is considered to valid under weaker assumptions than OLS
based tests on the error terms. According to Oh and So (2004), in the literature, error term
is treated under normal assumption which cause lack of power problem in the tests under
investigation. In order to tackle this problem, Oh and SO (2004) developed their test on the
basis of non-normal assumption of the error term and have taken heavy-tailed errors. This
test also applicable both for balance and unbalance panels. Oh and So (2004) used the

following model to introduce OS test

And using hypothesis: Ho o=l vs H, :|p;| <1, foralll.

Using this model, OS test statistic is defined as follows

PS= 28() hereP Z\:is (Ay” i Ay}fIJSlgn Yiu1 ™ ﬂl..’—l)

i=1 1=t o=l

where 4, is the recursive median of Y,.....,}, and &, is an estimator of @, based on

Yps--eess ¥ir . Under the null hypothesis, this test statistic converges to binomial distribution

as (PS+n)/2~ BIN(n,0.5) and as n tends to infinite then PS/ Jn= N(0,1). Oh and So
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(2004) compared this test with IPS test and concluded that their test (i.e. OS test) performs
remarkably well then IPS test in terms of size and power properties in the presence of heavy

tailed non-normal errors.

2.2.1.10. Pesaran Tests

Pesaran (2007) further contributed in PUR tests literature and developed a PUR test to test
unit roots in dynamic panel. Pesaran’s (2007) test takes the standard ADF regressions for
the individual series with averages of current and lag cross sections to deal with cross
section dependence instead of orthogonalization procedure, which have been used in the
previous PUR tests, in the panel data before the PUR tests are utilized on the transformed

data. Pesaran (2007) developed his tests by utilizing the following heterogeneous model:
yu :(]_Q)#;+¢r}’z_[—]+u”§ j:]........'\,:f:] ....... T

u!f = y.'-fi" +€H *

and a convenient way to form both of these equations as.
Aytf = a: +ﬁ|y1‘r—l +}/lf+g.h'5

Where al:(1_¢f)/l." ﬂt:—(l_ﬂ)’ Ay:r:yn_yu—l
Now, to test the null hypothesis f7,: g =1 forall i vs /7, : g <1, Pesaran (2007) proxied

the common factor f, with mean of cross sectional series y,. Pesaran (2007) used the

following cross section augmented Dickey Fuller (CADF) regression model to develop his

test statistic.

Ayu = Xr:é‘l +byj,r—l +C,)7;_1 +d:Ayr +en'

Pesaran (2007) proposed two test statistics for the cross sectional augmented Dicky Fuller

(CADF) regression.
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i- The first test statistic is named as CIPS and is defined as follows.
X
CIPS(N.T)=N"Y 1(N.T)
=]

This shows that CIPS test is simply the cross-sectional average of the individual CADF t-

statistics, which is defined as follows.

where G =(T~6)" AyM Ay, #=1,-F(FFYW. M, -1, -G(GG)'G  and

i

G: ::(y{._“ﬁ}}), H_/n =(Ay,‘_],Ay,Af4,Tr,y_]), T 2(1’13 """ ’1) '
ii- The second test statistics is named as CIPS star, which is the truncated PUR test of

CIPS defines earlier and is defined as.

A
CIPS _star(N.T)=N"> 1 (N.T)

=1
where, (N, T)=t, (N,T). if -k, <t (N, T)<K,

-K

t(N.T)=-K, if £ (N, T)<-K,
((NT)=K. i (MT)2K,

K, and K, are sufficiently large positive constants, so that Pr[—K, <t,(N,T)< sz is also

sufficiently large. As, we are conducting study for two deterministic parts of the model i.e.
model with intercept and no trend case-1. and model with an intercept and trend case-II.

Hence,

For case-I: Kl =6.19, K2 =2.61
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For case-11: K, =642, K,=170
In simulation part of Pesaran paper, he showed that both of these tests perform better from
size and power properties.

2.2.1.11. De Wachter, Harris and Tzavalis (DWH) Test

DWH test is developed to inspect the effect of time dimension and serial correlation of the
residuals in the panel data model under the additional assumption of homogenous nuisance
parameters across time and cross section dimensions. De Wachter et al. (2007) developed

an instrumental variable estimator based on a PUR test using the following model.

Y., =(r,v, —z,_o)(l—p)+py,‘,_!+uu, U, =v, +, ., i=1.2,. . Ni=12 .. T.
where ¥ error terms with zero mean are dependent process. Morcover. ¥, shows a

homogenous moving average process with ¥, innovations as independently and identically

distributed having mean zero and variance constant. DWH test statistics is defined as

follows.
TN . :
T, =T(p‘”' —1)—)\[(0.])
N T_pi N T—p-l
where 5. =[ ¥, ymp] (Z i Y., y,_HM) is instrumental variable estimator.
== =1 =}

In their study, they concluded that near the unit root against an extensive range of
alternatives DWH performs better with very high power when there is positive or zero

corrclation between error terms. Here, the simplest condition of no correlation is taken.
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2.2.1.12. Sul (RMA) Test

Recursive Mean Adjustment (RMA) PUR tests are developed by Sul in 2009 to model the
cross sectional dependence by applying recursive mean adjustment procedure. Bai and Ng
(2004) test estimates the common factor using principal component method, however, Sul
(2009) test is based on sequential procedure to handle factor structure estimation even in
small time series and cross section length. Sul (2009) used the following model] to test the

hypothesis 77,: p =1 forall / against i, : p <1 forall i.
Constant (M1): Y, =a,+x, X, =px _ +¢&, (2.10)
Linear Trend (M2): y,=a +b,.t+x”, X, =px, ,t&, (2.11)

Under the null hypothesis, Sul (2009) defined the following sequential regression

estimations procedure corresponding to regression (2.10) and (2.11).

y”_/-:‘)y”_] :ar+i¢yAyrr~j +eu’ (2108)

=1

ytI _byil—i :al +ﬂ1’ +£¢1JAJ’}H-J +€rl (210b)

s=1

Further, Sul (2009} has introduced covariance matrix by supposing the mentioned entities
from the core variables, that is, ¥, = (J,se- Yy )‘, ¢, = (Cl,,----,CS\-,), € = (e][,....,e;\,,) ,and

letting "u—l:i-"u (¢—1). Now covariance matrix is defined as 2 = AA'. where
=1
y,.T = Ay,,and CI'—I = Ac{_|- HCI‘IC@,

Vi =G =P —c;.,)+i¢,jAy;_ ,tey (2.10¢)

=
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p
Yo =20, =B+ pyy =20+ ) 8,0y, +e, (2.10d)
j=l

where ¥, ¢, and e, represent the ith components of ¥, , ¢_,.and ¢, respectively. Then.
from equation (2.10c) and (2.10d), Sul (2009) proposed Panel Feasible Generalized Least
Square combined with Recursive Mean Adjustment (PFGLS-RMA) test for point estimates

p" and p" as follwos.

Sul (2009) concluded that RMA test is under sized whether T and N is small or large, but

this gains power by utilizing recursive mean adjustment procedure over BN test.

2.2.1.13. Lee and Wu (LW) Test

LW test is proposed by Lee and Wu (2012}, which handles changes in the smooth structure
of deterministic terms accompanied with cross sectional dependence among variables. The
proposed test statistic is constructed from the breaks and cross-sectional dependence ADF
(hence called BCADF) regression procedure introduced by Pesaran (2007) to incorporate
a single frequency component Fourier function which is used to identify multiple structure

break. They used the following model to develop their test

Ayn = ﬁ.' (_}“,_,4 _a’z.dr—l )+ a’t'Ad-' + }’,f,- te&, .
where Ay, =¥, —V,.,. d = (1,sin(27kt / T),cos 27kt / T),l)l is a 4x1 deterministic
common effect, Ad, =(0,Asin(27kt /T),Acos(27kt /T),1)., B =—(1—p,),

and o = ( YT SN A ) J, is a common factor and Y 1s the associated factor loading.
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Frequency component, k, reflecting the number of homogenous cycles in the sample
period. The unit-root hypothesis, 2, =1 for above model can be expressed as:
Hy:f =0 Vi, against H : 8 <0, i=12,..,N; 8=0,i=N,+LN,+2,.,N.
To carry on testing procedure the following ADF regression has been performed for above
model.

Ay, =cy+c Asin(2mkt /T)+c ,Acos(2mkt /T)+c,,3,  +¢, AV, +by,, +e,

and suggested the following test statistic, by following the procedure of Pesaran (2007),

based on individual t-statistics of the above regression

N
LW = BCIPS*(N,T):%ZI*, (N.T)

=1

where (N, T)=t,(N,T), if-M <t(N.T)<M,
£(N.T)=-M,, if 1 (N, T)<-M,
£ (NT)=M,, if 1, (N,T)2 M,

M, and M, are sufficiently large positive constants, so that Pr[:—Mi <t (N,T)< Mz]

is also sufficiently large. Values of M, and M, have been obtained from simulation results

and are corresponding to CIPS_star test of Pesaran (2007). Also.

((N.T)= ‘%V?M:-"r‘—' .6 =(T-6)" AvM, Ay, M =1,-2(22)" 2.
& (v M.y, )

M, =1,-G(GG)'G and G =(Z,5,_.)., Z=(89,7,Y,, Y0, 7.}, t=(LL,..c0),

iz

Y, = (Asin{27k1/T).......Asin(22kT /T)) and T, =(Acos(27k1/T)........Acos(27kT I T)) .
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2.2.1.14. Demetrescu and Hanck (DH) Test
Demetrescu and Hanck (2012) contributed in the PUR tests and introduced an instrumental

variable based and robust to nonstationary error volatility PUR test. Demetrescu and Hanck

(2012) used the following model to test f:p,=1 vs H, :|pf.f< I
y Au +xrl Wlth x p; = ]+uf.r

where X, ; are fixed and » Z a, u,,_, +g, . Majority of instrumental variable based

PUR tests use orthogonalizaton nonlinear instrumental variable procedure to utilize PUR
test but DH test avoids to do so and considers the robust panel standard errors which is
based on pooled instrumental variable estimator. The instrumental pooled estimator and its

robust standard error is defined as

Y2 sen(5n)E,
ZZIJ’M

p=1+- and

\/ZZSgﬂ y.- 1) EE, Sgn()'r 1)
. 2207

, respectively.

Accordingly, DH test on the basis of above estimator and its standard error is defined as

o1

Iy =
o,

DM gn(y,,.) »
\/ngn ¥..) €€ sen(¥, )
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- ] -l . . .
where =y _—[Z' is the recursive demeaned series and
; t

rzly"J'I
5:.::A)’:.r—;“ZL&n.JAyu—/‘ Demetrescu and Hanck (2012) dervied approximated

asymptotic distribution of their test statistic and found convergence towards standard

normal probabailty distribution.

2.2.1.15. Westerlund (WT) Test

Westerlund (2014) developed a robust panel test in the presence of uncorrelated or cross-
correlated and unconditionally heteroscedastic errors. In the time series literature, this
serial and heteroscedastic problem has been addressed through the estimation of
nonparametric and resampling. Westerlund (2014) assumed heteroscedasticity in the
deterministic and stochastic terms to develop his PUR test statistic. In this test statistic, no

prior evidence is required about the structure of the heteroscedasticity. Westerlund (2014)

used the following model to develop his test statistic to test H,:p, =1 vs H, :|p|<]

Y=o+,

D
where ¢5,(L)=1—Z¢hlf" and F shows the common factor vector with r-dimension.
k=1

Moreover, €, is independently and identically distributed across both dimensions having

mean zero and variance one. Also, / is supposed as independently and identically

i
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distributed but only across time series level with E(£)=0 and E(FF )=Z,. However,

both of terms are mutually independent across time and cross section dimensions. The

following procedure is used to develop robust PUR test.

First, residuals denoted by A]%” are calculated from the base model by regressing A, on

AY, sV, p - Second, a principal components method is used to get 13: and é;- Third,

N

&, (N,

2

variance is calculated as W, =1/ g mi» where 6 = —N_ ). Lastly, the

=N

m
m—

p+1
desired test statistics is computed as

2
N T - A
[Z Z ARWJJ Ru‘u—l J

=1 i=p, +2
Tr=

AY

A
22 R

1=l i=p +2

where AR, =W, € and above test statistic is asymptotically distributed as Chi-square

distribution. In simulation study, Westerlund (2014) concluded that WT has smaller size

distortion and have better as compared to DH test of Demetrescu and Hanck (2012).

2.2.1.16. Westerlund and Larsson (WL) Test

Westerlund and Larsson (2012) suggested a heterogeneous PUR test by adopting AR
coefficient to be random across the cross sections. Here, AR term is independently and
identically distributed with mean zero and variance one to test the joint null hypothesis of
mean and variance related to AR coefficient. According to Westerlund and Larsson (2012),
a similar situation of joint restrictive null and alternative hypothesis is not adopted in the

previous PUR tests. Further, they addressed that using random AR, parameter of interest,
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leads to efficiency and reduces the number of parameters to be estimated. They used the

following model to develop their test statistic.
Vi =ditz,
zZ,= piZu_] +u” .
¢ (L) = G

where o, ~ iid(ﬂp,af,), the following procedure has been adopted by Westerlund and

Larsson (2012) to compute WL test statistic. First, define w, using base regression of z, as
vvﬂ = ¢,(L)(yn _a,l[] _/BJU(I _p))s
' 0
W, =2, ~BYu— = AL - p),

then Aw, =g (LXAy, - B)=Ay, - @Ay, — B,

Aeh':(pi—l)elf l+8ﬂ! wﬂ_yzr_(Dlryit_at
where é, =—1W,, & —Lf - i(,f_\w )’ and k= 1 ii(Ae )
" ; it it ; i T—p—l S it N(T—p-l) =, o

WL test statistic, also called LM type test, based on maximum likelihood estimation is

defined as follows:
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LM = Ay 412 Cir
# By S(k —1) Dy

where A \/_TZZA” it—1»

=1 r=p+1
1 N T
— ~2
BNT - NY"Z Z Z €1
=t t=p+1

J—TszZ( rrl

=1 1=p+]

2.2.2. Panel Unit Root Tests with Null Hypothesis of Stationarity

In this section of literature review, a brief review of almost all (six tests) PUR tests having
the null hypothesis of stationarity has been discussed. Basically, stationarity tests used to
check the results of unit root tests in the empirical study but both of them have different
structure and assumptions according to their layout. All stationarity tests are called residual
based tests, as these tests have been derived from residuals of the model. Also, all of them
are right tail tests according to their hypothesis of interest and referred as Langrange
multiplier (LM) statistics. These tests are elaborated below in the ascending order

according the year of publication.

2,2.2.1. Hadri (HD) Test
Hadri (2000) proposed a residual-based Lagrange multiplier (EM). which is a panel
extension of Kwiatkowski et al. (1992) test (KPSS test) to test the null hypothesis of

stationary around a deterministic level or around a deterministic trend against the
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alternative hypothesis of a unit root in all units of the panel data. Hadri (2000) used the

following model to develop his test,
(2.12)

(2.13)

and
(2.14)

N . &,and U, are mutually and independent normals and

where r=1,.....,
.. : : . 2 2 _
iid across cross sections and over time with E(&,)=0, E(g;)=0.. E(1,)=0. and

E(u;:) = 03 . Given the residuals £, from the individual regressions, the LM statistic,

=0 against 1,:4>0 as

(%)

o}

T

12

o~

labelled as HD henceforth is defined for the H,: A=

where

LM is basically the average of KPSS test in the panel structure. S,, are the cumulative

. S : j
sums of residuals and 0, is defined as the variance of €, . 5 and C' denote the mean and

standard deviation taking different values in the presence of drift term only and, drift and
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trend terms both. If there is only drift term in the model then & =1/6 and 2 =1/45,
but if both drift and trend terms are present then & =1/15 and ¢* =11/6300. HD test

1s asymptotically converges to standard normal distribution. Hadri (2000) concluded that
the empirical size of the test statistic is very close to nominal size (i.e. 5%) when both

time series and cross section dimensions are large enough.

2,2.2.2. Hadri and Larsson (HL) Test

Hadri and Larsson (2005) extended the Hadri (2000) test for the fixed T which expands the
finite sample performance of test statistic under the assumption of cross sectional
independence. The main difference between Hadri (2000) and Hadri and Larsson (2005)
test is derivation of exact finite sample mean and variance. Hadri and Larsson (2005)
computed the exact means and variance for model (2.12) and model (2.13). This test has
the same mathematical procedure as Hadri (2000) does have. Their test statistic is

abbreviated as, HL and defined as,

¥

ZSfI
HL =+t
' T3O"_2

&1

While its asymptotic distribution converges to standard normal but with different exact
finite sample mean and variance, which makes the main difference from the Hadri (2000)

test, 1s

HL, — E(HL)

RN '
Zm:\/ﬁ;( var(HL,) ]:N(O‘})
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With E(HL)=(T+1)/6T, var(HL)=(T*+1)/20T* —{(T+1)/67) for model (12)

and with E(HL,)=(T +2)/15T, var(HL,)=(T+2)(13T +23)/21007° —((T+2)/15T)’
for model (2.13). Hadri and Larsson (2005) have shown from their simulations results that
these moments are £ (HL,.):]/6 and Var(HLj ) =1/20 in the presence of drift term only in
the given model. Similarly, if both of the deterministic terms are present in the model then
these moments take value of E(HL,):I/IS and Var(HIf):IS/ZIOO according to their

simulations, in both asymptotic results T —> @ . HL test is also applicable both for balance
and unbalance panels. Hadri and Larsson (2005) discussed through simulation results that
with asymptotic T assumption leads to size distortion and can only be controlled if T is
kept fixed. Also, HL test has better power as compared to KPSS test of time series for the

same null hypothests of interest.

2.2.2.3. Harris, Leybourne and McCabe (HLM) Test

Harris et al. (2005) suggested a new nonparametric panel stationarity test which is robust
in the presence of serial dependence and cross-sectional dependence across the panel. HLM
test avoid to fit the individual series separately and treat the short time series. This test
statistic is simple to use and uses standard normal critical values to separate acceptance
and rejection region. It can be applied for approximate factor model as well. Harris et al.

(2005) used the following model to develop their test statistic.

y”: fxff +z"!, 1:1, ..... ,N, [:1_.,...-.,T

1

Zi[ = ¢:‘Zit—l +95:‘r
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where disturbance term has mean zero and, Cf,-, and & .« may be correlated. They were

interested to test the null hypothesis of joint stationarity against the alternative of unit root,

that is

H,:|#| <! against H ,:|¢|=1

They assumed that & = (&, ,..... ,\f\-,,)‘ is a linear stationary process to permit cross sectional
correlation in the form of either contemporaneous or cross sectional in the series of panel.

An OLS residuals of above regression is obtained as zZ,, =y, — f x, then these residuals

are standardized as Z, =¢, / s.,here S, denotes the sample standard deviation. Then the

test statistic is obtained as

. . -~ -1 L AN
the long-run variance estimator where y, {a,d} =T Z Ay, )« a,, = 5 .
1=j+k+] i1
According to asymptotic theory, this test statistic converges to standard normal distribution
under the null hypothesis of joint stationarity while under the alternative hypothesis of unit

root this test statistic diverges to positive infinity. This test statistic is abbreviated as HLM

in this study to evaluate its size and power properties.
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2.2.2.4. Shin and Snell (SS) Test
Shin and Snell (2006) proposed a panel-based mean group test for the null of stationarity
against the alternative of unit roots in the occurrence of both serial correlation across time

periods and heterogeneity across cross-section units. Using models given in equation (12)
and (13) and under the null hypothesis 1, :O'fI =..= O’fv =0 against H :crfl >0 with the

same estimation method that we have observed for HD and HL tests, they developed the

following test statistic.

1 ki ]
SS:T;‘W' :-\T_]GZ]:(T]“, _#)XW R 0S5S1

N

2

h . t i N2
where Wl =ﬁz(q"’ _,77,) .
- -1
_ 1 &
77T=ﬁ§77ﬁ"

y's,

M =—"> H=

| =

1
o 6

&

and g = z’: é -
Al

Shin and Snell (2006) have taken ¢= 0.5 in their study. This test statistic converges to
standard normal distribution under null hypothesis while diverges to positive infinity when
both N and T tend towards infinity under joint asymptotic theory. Shin and Snell (2006)
have concluded that their test statistic performs very well when time series dimension is
small when errors are uncorrelated. But situation becomes worse with over size problem

when errors are correlated and time series level is small.
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2.2.2.5. Hadri and Kurozumi (KK) Test

Hadri and Kurozumi (2009) introduced a simple PUR test for the null hypothesis of
stationarity in heterogeneous panel data with cross-sectional dependence in the form of a
common factor in the error term of the model. This common factor is estimated by Hadri
and Kurozumi (2009) by using the procedure of Pesaran (2007). Their test statistic is same
as the KPSS test is in univariate time series literature to test the null hypothesis of
stationaity against alternatve hypothesis of unit root but with augumented cross sectional
averag. Further, Hadri and Kurozumi (2009) test uses the same model that has been used
in HD and HL test but with common factor errors. They used the following model to

present their test statistic.

y:r::.'é‘:+riz+uiu by =T +V1’r! uir:f;yi_i-gir

it ir-1

where f, denotes the unobserved common factor. The estimation test procedure of this

test is same that have been developed and adopted for HD and HL test but to eliminate the
effect of common factor Hadri and Kurozumi (2009} used Pesaran (2007) method of cross-

sectional average of the model.

By assuming # + 0, we have f :é(y, —zf—ﬁ'—‘)

Hence Y, =Z0tY )y te

and introduced their test statistic.
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KK=Z,6=
c
o
to test HO:p=02=O VS H i p20
; ! 2 i > ~ ~ ~ -
where 57-.1% st ST = 1 Z(S;) . 5 =%e .0=06-70.7=y]7 and

N =1 O-ZTE =] s=1
€=F ~V5+&~=FE&. & and § denote the mean and standard deviation. If there is

constant in the model then § =1/6 and ¢*=1/45, and if both constant and time trend both

are present in the model then &=1/15and ¢? =11/6300. The limiting distribution of
this test statistic is same as have been defined for HD and HL tests. Here after, this test is

denoted as KK test in this simulation study.

2.2.2.6. Demetrescu, Hassler and Tarcolea (DHT) Test

Demetrescu et al. (2010) proposed their test for large cross sectional dimension in the
presence of cross unit correlation. They proposed an unbounded norm of the long-run
correlation matrix of the panel is used to allow for persistent cross correlation, They used
equation (2.12) and (2.13) as models to develop their test statistic, they used the following

demean or de-trend procedure recursively for estimation.

. 1 ¢
yi=y, —;Zy,,_,
i=]

. _ 25 6 <.
o y,,,+t§y,,, t(t+l)§JY,,,
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and proposed test statistics, k= 1 v ZS!'S -—l I=p
f 22— )

L 11
NTZ rz —g ~r

for equation (2.12) and equation (2.13) respectively.
where ﬁr“=max(N'OS,l—q”)+0.2‘}Fz_—](l—max(N“,l—q“))
p" =max(N%,1- q)+02/N1](1 max (N *.1-¢"))

4

¢ = A 5] = S5

=1

S, Constructed from data demeaned or de-trended series. Here, /5 denotes the consistent
estimator. In this study, this test statistic is abbreviated as DHT test.

2.3. Comparison Studies of Panel Unit Root Tests

Many authors developed PUR tests for two main types. One type of PUR tests have been
developed to test the null hypothesis of PUR while the second type of tests have been
developed for the null hypothesis of stationarity. Second type of tests are also called
residual based PUR tests. Authors developed their own PUR test relying on different
features of the underlying panel data. These tests are then compared and evaluated on the
bastis of their size and power properties. Many comparative studies have been carried out
to judge the performance of panel tests but these comparison create no ultimate answer that

which test is performing better.
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Maddala and Wu (1999) conducted a simulation study, in which, they compared three type
of PUR tests using two types of experiments. They used a single alternative to compare the
power of three PUR tests. In the first experiment, a DGP for the general set up of the null
of unit root and alternative of stationary has been used to compare tests. In the second
experiment, the null hypothesis remains the same but in alternative a mixture of unit root
and stationary has been taken to analyze size and power properties of tests under
investigation. For both of the experiments, a serial correlation of errors has also been

considered.

For the first experiment, both in case of constant only and with constant and trend, Fisher
test (MW) with less size distortion and better power is identified as better performer as
compared to IPS and LLC tests. In the second experiment, Maddala and Wu (1999) showed
that IPS test is slightly more powerful than Fisher (MW) and LLC test when there is no
cross sectional correlation in the errors. At this stage, Fisher test has better power as
compared to LLC test. All tests perform well in case of no serial correlation for all samples.
But, when errors are correlated for different samples (or cross sectional units) then all the
tests (MW, IPS, and LLC) perform very poorly. However, the results suggested that MW
test less effected in the presence of cross sectional correlation of error terms as compared
to the IPS and LLC tests. They also showed through their simulations results that size
distortion with MW test is small when T (time dimension) is large but N (cross sectional
dimenston) is not very large as compared to IPS and LLC tests. But for medium values of
T and large N, the size distortion of the MW test becomes savior. Maddala and Wu (1999)

results show that MW test performs much better for the cases when there is a mixture of
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stationary and nonstationary series in the group as alternative hypothesis. Overall, Maddala

and Wu (1999) reported that MW test stands best among the other two tests (IPS and LLC).

Gutierrez (2006) evaluated the performance of four cross sectional correlated panels tests
through simulation study. Gutierrez (2006) compared Choi’s (2006). Bai and N g’s (2004).
Moon and Perron’s (2004), and Phillips and Sul’s (2003) tests using the size and power
properties of these tests. Gutierrez (2006) compared these tests, for small sample sizes
using different values of cross section (N) and time (T) dimension and for different number
of factors, under a common structure rather than utilizing different methods or procedures

to identify idiosyncratic and common components.

Gutierrez (2006) investigated the power comparision of these tests under a single
alternative. Gutierrez (2006) concluded results based on by varying the common and
idiosyncratic components in the DGP. When equal importance is given to common and
idiosyncratic components in the DGP then Gutierrez (2006) noticed that for large 1 and N
all the four tests have good stable size except Choi’s (2006) test. However, for small values
of N a strong size distortion observed. In case of cross sectional dependence in the DGP,
Moon and Perron’s (2004) and Bai and Ng's (2004) tests suffer from oversized problems,
this distortion become more savior for small N. Size and power of Moon and Perron’s
(2004) test for different values of T and N and model specification performs well as
compared to other tests. Gutierrez (2006) simulation results show that Bai and Ng’s (2004)
test based on pooled GLS procedure gains much better power as compared to the pooled
OLS based procedure. Choi’s (2006) test is highly oversized when there is cross section
unit heterogeneity under the common factors influences. Lastly, Gutierrez (2006) observed

that in the presence of deterministic term in the included process. all the tests have a lack
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of power. The study of Gutierrez (2006) reported a mixture results for all the situations

under consideration.

Hlouskova and Wagner (2006) carried out an extensive and comprehensive study in the
PUR literature in which they compared PUR tests both having the null of unit root and null
of stationarity using a single DGP and asymptotic critical values through simulations. Their
study is the only one study in which, both categories of the tests have been compared.
Hiouskova and Wagner (2006) used four PUR tests having the null of unit root, Levin, Lin,
and Chu (2002), Breitung (1999), Im, Pesaran, and Shin (2003), Maddala and Wu (1999),
and two PUR tests having the null of stationarity, Hadri’s (2000) and Hadri and Larsson’s

(2005) tests to carry on their simulation study.

Hlouskova and Wagner (2006) performed simulation study by addressing four aspects.
First, they evaluated the performance of the tests by varying time series and cross section
dimensions. Second, for a moving average roots having values (0.2, 0.4, 0.8, 0.9, 0.95,
0.99) tending to 1 has been taken to assess the performance of the tests. Third, a first order
autoregressive coefficient having values of (0.7, 0.8, 0.9, 0.95, 0.99) has been taken to
evaluate the power performance of PUR tests having the null hypothesis of unit root, and
AR(1) coefficient having values of (0, 0.1, 0.2, 0.3, 0.4, 0.5) is used to analyze the size
performance of panel tests having the null hypothesis of stationary. Lastly, with two form
of deterministic terms (with intercept, and with intercept and trend) the investigation of
panel tests have been made. They observed that Levin, Lin, and Chu’s (2002) and
Breitung’s (1999) tests gain better powers as comapred to other tests having the null of unit
rool when there is intercept under stationary series. Moreover, with short and uncorrelated

panels Levin, Lin, and Chu’s (2002) test has substaintianl improvement over all other tests.
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Maddala and Wu’s (1999) test with varaition of panels does not show better performance.
They observed that Levin, Lin, and Chu’s (2002) and Breitung’s (1999) tests have the
minumum size distirtions over all the situations. Hlouskova and Wagner (2006) noticed
that the tests of Maddala and Wu’s (1999) and Im, Pesaran, and Shin’s (2003) tests perform
very poorly. Their size and power are not much poor as compared to other tests having the
null of unit root. Besides, Hlouskova and Wagner (2006) observed that Hadri’s (2000) and
Hadri and Larsson’s (2003) tests having the null of stationarity perform very poorly. Hadri
(2000)’s and Hadri and Larsson’s (2005) tests tend to reject statioanrity most of the times

even for highly stationary series.

Pesaran (2007) conducted a simulation study based on Cross-sectionally Augmented
Dickey Fuller (CADF) regressions with the first difference of each cross section and cross
section averages of lags. Pesaran (2007) used DGP with cross section dependence and fixed
effects for dynamic panels to compare CIPS, MW, CHO tests and truncated version of t-
bar test denoted by (CIPS_star) using CADF regressions. Pesaran (2007) observed that all
tests based on CADF methodology show satisfactory power and size both for short and
long T and N. However, CIPS and CHO tests perform better as compared to MW and
CIPS_star tests in the case of with serial correlation, but moderate, and without serial
correlation. In the case of linear trend in the model, power of these tests crucially depends
upon time dimension and cross section dimension and power get rises when T is greater
than 30. Overall, Pesaran (2007) concluded that tests based on CADF regressions perform
better as compared to standard regressions on which these tests have been developed for

cross sectional dependence panels.
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Gengenbach (2009) used DGPs of Bai and Ng (2004} based PUR test to conduct
comparison among CIPS, BNG, RMA, MP, and BU PUR tests. Their results are based on
asymptotic critical values and they have used Akaike Information Criterion (AIC) and
Bayesian Information Criterion (BIC) to select the leg length. All tests have serious size
distortions for almost all cases when time dimension is small and in the presence of serial
correlation. CIPS and BNG tests are more powerful than the rests. In the case of single
factor model, CIPS test has better size and power properties for large N and T. However,

in the presence of two or more factors leads to serious size distortion and worse power.

Hoang and McNown (2006) investigated the size and power properties of IPS and MW
tests. They have taken AR (1) DGP to compare both of the tests using two different
estimation methods. Hoang and McNown (2006) performed their simulation study for IPS
and MW tests using least square and weighted symmetric estimation methods. They
concluded that IPS and MW tests have more power and stable size by using weighted
symmetric method as compared to the DF and ADF based estimation method. IPS test
based on weighted symmetric method for balance pane! performs better as compared to
MW estimated using the same method for different time dimensions and cross sectional
dimensions. In the case of unbalanced pancl, MW test performs better when T and N is

small.

2.4. Concluding Remarks

All PUR tests introduced in the literature follow different models and assumptions and a
comparative study is carried out to show the superiority of the newly introduced test using
size and power properties. In the first section of this chapter, PUR tests (to be used in our
study) having the null hypothesis of unit root and stationary have been discussed with their
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models, assumptions and mathematical structure. PUR tests having the null hypothests of
unit root are either residuals based, maximum likelihood based, p-value based or
instrumental variable based according to their structure. However, all PUR tests having the
null hypothesis of stationary are based on the residuals. In the second section of this
chapter, previous comparative studies have been discussed with DGPs and results.
According to existing literature, the following gaps have been identified in the comparative
studies.

First, previous comparative studies have used asymptotic critical values to investigate the
size and power properties of PUR tests. This causes size instability as a result produce less
or over power gain of PUR tests. In this study, simulated critical value is used to make
stabilize the size and make power comparison of PUR tests meaningful.

Second, previous comparative studies take only few PUR tests to evaluate the size and
power properties. For example, Hlouskova and Wagner (2006) have compared six PUR
tests out of which four tests are having the null hypothesis of unit root while two of the
tests having the null hypothesis of stationary. While this study compares twenty four PUR
tests in which eighteen tests belong to the null hypothesis of unit root while six tests belong
to the null hypothesis of stationary.

Third, all comparison studies of the PUR tests have been made for one, two or very few
alternatives of parameter of interest. In order to make further contribution in the literature,
this study compares all the tests for all the alternatives in a whole space under investigation
for both type of tests (PUR and stationary tests).

Lastly, the review of the previous comparative studies reveal no single significance

technique to keep a bench mark for comparison of the PUR tests for both categories of the
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tests, A unified bench mark is needed to make comparison extensively and meaningful for

both categories of the tests. In this study this technique is called as stringency criterion.
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Chapter 03

Research Methodology

3.1. Methodology Description

To carry out the comparative analysis of PUR tests, this study investigates twenty four
PUR tests both under the null hypothesis of unit root (eighteen tests) and null hypothesis
of stationarity (six tests). This study makes comparison on the basis of size and power
properties of each test under consideration. In this study a time dimension of T=10, 25, 50,
100 and cross sectional dimension of N=2, 4, 8, 16, 32 are considered for Monte Carlo

Simulation experiments.

Since, both categories of tests are taken i.e. tests having the null hypothesis of unit root and
tests under the null hypothesis of stationarity, for this purpose two Data Generating
Processes (DGPs) are considered for this simulation study. On the basis of these DGPs,

simulated critical values are calculated.

A detailed Monte Carlo simulation designs is explained to find power curves of PUR tests

and power envelops of point optimal tests.

Stringency criterion, which is the main theme of our study, is used to compare all the tests
under consideration. A stringency criterion takes the whole alternate space for the study
under consideration. This part of our methodology explains how to find the most stringent
tests for the given DGPs (i.e. one for the null hypothesis of unit root and the other for null

hypothesis of stationarity).
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3.2, Monte Carlo Simulation Design

In Monte Carlo simulation design of methodology section, DGPs, size, powers, power
curves, power envelopes, maximum shortcomings (MSC) and most stringent tests have
been discussed both for the null hypothesis of PUR and stationary. Graphically, general

framework for this study is represented as follows.

Figure 3.1: General Framework for the Simulation Study




3.3. Specification of Data Generating Processes

In this section, two types of data generating processes are discussed, first type of DGP
belongs to the null hypothesis of PUR versus alternative hypothesis of panel stationary
while the other one belongs to the null hypothesis of panel stationary versus alternative

hypothesis of PUR.

3.3.1. DGP-A: Null Hypothesis of Panel Unit Root with Deterministic
Term Specifications
Let ), denotes the panel series, where ie N and ¢ € T, panel series is generated using

the following mathematical model.

yu :af +ﬂrt+pyu—l +€”

where a ~N(Q,1), B ~ N(O, 1) , €, ~ N(O, J, ) and error variance is defined as
59} ~U[0.5,1.3] to generate a complete heterogeneous model. In this model, under the null
hypothesis of unit root p=1and 0< p<I for the alternative hypothesis of stationarity.

Here, this study takes p=1{0.9,0.8,0.7,0.6,0.5,0.4,0.3,0.2,0.1,0} ,

3.3.2. DGP-B: Null Hypothesis of Stationarity with Deterministic Term

Specifications

This study considers the following DGP for the null hypothesis of stationarity.

Ay, =a + fit—gpe +g,

it-1
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where @, ~U]0,10], B ~U]0,2], 5,-,*N(0,5q) and error variance is defined as

54 ~U[0.5,1.5] . This DGP has been used in Hwang and Schmidt (1993) for the null

hypothesis of stationarity in time series literature. According to Hwang and Schmidt
(1993), under the null hypothesis of stationarity @ =0.99999=1 and under alterative
hypothesis of unit root 0< ¢ <1. In this study, ¢ ={0.9,0.8,0.7,0.6,0.5.0.4.0.3.0.2,0.1.0}

under alternative hypothesis.

3.4. Specification of Cross Section Length and Time Series Length

This research choose five different cross section units and categorize them into three
different groups to proceed this study. These cross section units are 2, 4. 8. 16, and 32 in
which first two represent small cross section units, cross section number third and fourth

shows medium cross section unit and last cross section unit indicate the largest one.

Similarly, four time series length are taken to evaluate the performance of PUR tests, these
time series level are 10, 25, 50, and 100, As similar to the categorization of cross section
length into three types, a time series length of 10 indicate small time series, 25 and 50 are
assigned as medium time series length while 100 is allotted as large time series length in

this study.

3.5. Finding Simulated Critical Value of a Test

To find the simulated critical value of a given test (for both categories), the following

simulation procedure is adopted:

First, data are generated according the given DGP under the null hypothesis. Secondly,

given test statistic is calculated for the given DGP (i.e. DGP under the null hypothesis).
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Thirdly, DGP and test statistics under the null hypothesis is repeated a fixed number of
times which is called Monte Carlo Sample Size and given test statistic under consideration
is sorted and saved in a column matrix. Lastly, simulated critical value is calculated
depending upon nature (left tail test, right tail test or two tail test) of the test statistic. If the
given test statistic is right tail test then 95" percentiles of the column matrix is the desired
simulated critical value. For the lefi tail test, 5™ percentiles is the required simulated critical
value in the column matrix. While 2.5 and 97.5" percentiles are the appropriate simulated

critical values in the column matrix for the given two tail test.

3.6. Finding Size of the Test

In this study, a test size is calculated using the following procedure:

First, data are generated a fixed number of time and cross section dimension under the null
hypothesis. The number of time series and cross section dimensions have considered are
10. 25, 50, 100 and 2, 4, 8, 16, 32, respectively. Second, test statistic is calculated for the
given time series and cross section dimensions and the number of significant value is
counted if test statistic value is greater than simulated critical value. A repetition of this
process is carried for fixed Monte Carlo sample size of 10,000 and size of test is obtained

as

] significant count
t =
Size of Tes MCSS X 100

3.7. Panel Log-Likelihood Ratio (Point Optimal) Tests

This section explains two point optimal tests under the null hypothesis of PUR and null

hypothesis of stationarity. This study uses panel point optimal tests by using log likelihood
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ratio concept introduced by Neyman Pearson L.emma (Neyman and Pearson (1992)) to get

most powerful test statistic at each aiternative in entire sample space under consideration.

3.7.1. Point Optimal Test under the Null Hypothesis of Unit Root

Monn, Perron, and Phillips (2007) developed a PUR point optimal test for the null

hypothesis of unit root. They follow the following model to introduce their test statistic,

Y =nG'+pY

1.1-1

+U,

where U,~N(0.07), G=(G,,G), G =(Lou]), G=(L2......T), and
T :(a;,ﬂ, )
To test the hypothesis,
Hy:p=1vs H,:|p|<]
Monn, Perron, and Phillips (2007) find the following log likelihood function,

| : ,
L(p)= 3 [vec((Y, - oY, )= Ga)'A (7 ®I,,)A [vec((Y, - pY, )~ Gx Y],

1 0 0 0

-p 1 L

where, sziag(af,aj, ......... ,of), Ap o=l 00 000
. o =p 10
o 0 -p 1]

According to Neyman Pearson Lemma (Neyman and Pearson (1992)), a point optimal test

is the ratio of two log likelihood functions (i.e. log likelthood function under null to log
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likelihood function under alternative) hence Monn, Perron, and Phiilips (2007) panel point

optimal test statistics is as follows
PO=-2[L(p)-L(1)].

3.7.2. Point Optimal Test under the Null Hypothesis of Stationarity

This section introduce a point optimal test for the null hypothesis of panel stationary against

alternative hypothesis of PUR using log likelihood ratio concept for DGP-B.

By definition of Neyman Pearson Lemma (Neyman and Pearson (1992)),

PO=L(1)-L(p)

where log likelihood for DGP-B is,

L(@):—glog@x)—%]:}og(g )—%log(1+NT l—gp) ) _;.Z\:Zi: ( Y- ')-

el {1+ N (-0)))

NT =

L(1)=—710g(2n)-glog( )= %ZZ(% )

1=l r=2

Hence, Panel Point Optimal test for null hypothesis of stationarity is,

2
3

PPO=-%§;(yIJ Y, I)z+%log(l+NT(1—¢)2)+%;i(5 ((]31']\_[;'(’1'_)(0) ))

3.8. Finding Power Curve of the Tests

The following Monte Carlo simulation design is adopted to calculate and plot the power

curves of the PUR tests for both the categories.
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First, data are generated using DGP-A and DGP-B under a point alternative hypothesis and
calculate test statistics for the generated data one by one. Here in this study a point
alternative hypothesis for both type of tests lies between “0” and “0.9” (i.e.

p={09,08,0.7,06,05,04,03,02,0.1,0} and ¢ = {0.9,0.8,0.7.0.6,0.5,0.4,0.3,0.2,0.1,0} ) .

Secondly, using the simulated critical value of each test statistic a decision of rejecting or

not rejecting a null hypothesis is made.

Thirdly, a fixed number of Monte Carlo Sample Size is used to have a repetition of the

above two steps and rejection of the null hypothesis is counted,

Fourthly, power of each test statistic at a specific alternative is calculated i.e.

Power of the Test = proportion of rejections oulﬂ;jci SA;C SS at a specfic alternative

Fifthly. a repetitions of the above four steps is made for each test statistic under a specific

alternative to calculate the power,

Lastly, for all specific alternative, power of the tests is plotted to get power curve of the

tests.

3.9. Attaining Power Envelop of the Point Optimal Test

Power envelop of the point optimal tests is obtained using the same simulation design as

discussed for obtaining the power curve of the PUR tests for both categories.

First, data are generated using DGP-A and DGB-B under a point alternative and calculate
the point optimal test (i.e. point optimal test for the null hypothesis of PUR and null

hypothesis of stationary).
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Secondly, using the simulated critical value a decision of rejecting or not rejecting the null

hypothesis of point optimal tests is made.

Thirdly, a repetition of the above two steps using a fixed number of Monte Carlo Sample
Size (MCSS) is made and rejection of the null hypothesis is counted for the given point

optimal test under consideration.
Fourthly, power of point optimal test statistic is calculated for each point alternatives.

Lastly, power envelops of the point optimal tests (1.e. point optimal test for the null
hypothesis of unit root and null hypothesis of stattonary) are plotted against all the specified

alternatives.

3.10. Finding Most Stringent Test

Stringency criterion is a newer one in the literature which use a point optimal test to
compare different test-statistics to have a most stringent test among different test-statistics
of the same field of study. A stringency criterion relates to the power curves of the tests

and power envelop of the point optimal test under consideration,

Shortcomings of the Test: First to calculate the shortcomings of each test, the

difference between the power envelope and power curve of each test for a specific

alternative is taken. All shortcomings should be positive that is S"=PE - PT" . §">0

where M=12,.....k and J=h2, ' denotes the total number of tests and total
number of alternative, and SJ'" denotes the shortcomings of test “m” at a specific alternative

"/, PE denotes the power envelop and PT" denotes the power of test “m” at a specific
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alternative "y, The calculation of shortcomings for all the point alternative hypothesis

J=12 ... .1 for all the tests under consideration are made.

Maximum Shortcomings (MSC) of The Test: In the second step, the MSC of each test

is calculated i.e. [T= max (s7)
K

1.2,

Minimum of the MSC: In third step, the minimum of MSC among all tests are obtained,

ie, I, = min (H)

m=12.. &
Stringent Test: The test having minimum of the MSC i.e. [I is the most stringent test.

3.11. Bootstrap Empirical Power Evaluation

An empirical power investigation of best performing PUR tests has been taken place by
using economic data to validate the results based on artificially data generating process. A
purchasing power parity hypothesis has been taken by using real exchange rate data to
evaluate the empirical power performance of best performing PUR tests by applying
bootstrap method. For this purpose, bootstrap critical values have been calculated for
different combination of time and cross section units to decide the acceptance and rejection
regions of best performing PUR tests. This empirical experiment has been applied on
monthly data of sixteen OECD countries by decomposing these sixteen OECD countries

into four data sets.
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Chapter 04

Empirical Size Evaluation of Panel Unit Root Tests

In this chapter, size evaluation of PUR tests, both having the null hypothesis of PUR and
stationary, have been explained using asymptotic critical values for time series level of 10,
25, 50, and 100 corresponding to cross section unit of 2, 4, 8, 16, and 32. A Monte Carlo
simulation size of 10,000 has been taken to analyze the size of PUR tests under the nominal
size of 5% in two cases, first, in the presence of only drift term, second, in the presence of
both drift and trend terms. In the first section, size evaluation of PUR tests having the null
hypothesis of unit root based on asymptotic critical value have been discussed with drift
term only while in the second section the empirical size analysis of PUR tests having the
null hypothesis of unit root have been analyzed in the presence of both drift and trend
terms. Similarly, size evaluation based on asymptotic critical value of PUR tests having
the null hypothesis of stationary have been explained in the presence of both of the

deterministic terms in the last two sections of this chapter.

4.1. Empirical Size Evaluation of Panel Unit Root Tests, Intercept Case

In this section, asymptotic critical value has been used for different combination of time
series and cross section dimensions to investigate the size of eighteen tests having the null
hypothesis of PUR when data are generated with intercept term only. Fi gure 4.1 to Figure
4.5 represent the empirical size evaluation of these eighteen tests in which x-axis shows

time series dimension while y-axis represents empirical size.
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Figure 4.1: Empirical Size of Tests with Null of Unit Root (Intercept Case), N=2
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Figure 4.1 shows that majority of the tests converge to nominal size of 5% as the sample
size gets large. Also, the p-value based MW and CHO tests have stable size equal to
nominal size of 5% at each stage of time series level which means that only two tests among
eighteen tests have empirical size equal to nominal size of 5% at each level of time series
dimension. Majority of the tests have convergence behavior towards nominal size of 5%
as the time series dimension approaches from small to large. While, LW, PS and WL tests
are detected with divergence pattern as the time series level increases from small to large.
Among these three over size distortion tests, WL test achieves 100% empirical size at large
time series dimension while PS test has gained empirical size around nominal size of 5%
at small (1.e. T=10) and medium time series (i.e. T=25), however, as the time series
progress this test loss its stable size gain and become over size test. Further, DH and DWH

tests have 0% of empirical size at each time series dimension and are identified as under



sized PUR tests having the null hypothesis of unit root. Moreover, BNG, BU, CIPS, LLC,
CIPS_star, and OS tests with convergence behavior are identified as less size distortion
tests with minimum empirical size around 5% and maximum empirical size of 34% as

compared to other PUR tests having the null hypothesis of unit root.

Figure 4.2: Empirical Size of Tests with Null of Unit Root (Intercept Case), N=4
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Figure 4.2 demonstrates the empirical size pattern of eighteen PUR tests having the null
hypothesis of unit root when the number of cross sections are 4 over time series level of
10, 25, 50, and 100, and data are generated with intercept term only. It is clear from Figure
4.2 that majority of the tests have convergence behavior of empirical size as the time series
dimension increases from small to large and these tests have achieved empirical size equal
to nominal size of 5% at large time series dimension (1.e. T=100) while at small and
medium time series level their empirical size are not stable. Moreover, CIPS, MW, and

CHO tests have empirical size equal to nominal size of 5% at each time series level. Also,
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CIPS_star test is very little over sized at time sertes 10 and 25 while at T=50 and T=100
its size is stable around nominal size of 5%. Similarly, OS test is stable at medium and
large time series but at small time series (i.e. T=10) its size is 28% and is unstable.
However, LW, PS, and WL tests have a divergence pattern and at each stage of time series
level their empirical size remains unstable. It is also observed from Figure 4.2 that DH and

DWH tests have empirical size equal to 0% and are detected as only two under size tests.

Figure 4.3: Empirical Size of Tests with Null of Unit Root (Intercept Case), N=8
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Similarly, Figure 4.3 presents the empirical size performance of PUR tests having the null
hypothesis of unit root when the number of cross sections are 8 over small, medium, and
large time series level. It is observed from this figure that majority of the tests are unstable
at small and medium time series level while at large time series dimension (i.e. T=100) the

empirical size of these tests are become stable. Also, these tests have convergence pattern
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towards nominal size of 5% as the time series length increases. Moreover, it is analyzed

that DH and DWH tests are detected as under size tests at each level of time series length

and gets 0% empirical size at each stage level of time series. A stable empirical size of p-

value based MW and CHO tests have been observed at small, medium and large time series

while CIPS and CIPS_star tests have a stable empirical size at medium and large sample

sizes while at small time series their empirical size is a little over size from nominal size

of 5%. Moreover, there are three tests (LW, PS, and WL) with divergence behavior and

unstable empirical size as the time series level increases from small to large. Also, WL test

achieves 100% size distortion as the time series gets larger.

Figure 4.4: Empirical Size of Tests with Null of Unit Root (Intercept Case), N=16
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Figure 4.4 shows the behavior of PUR tests having the null hypothesis of unit root when

the number of cross sections are 16. Again, a convergence and unstable empirical size

pattern of majority tests have been observed as the time dimension increases from small to
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large. At small time series majority of the tests are unstable and are oversized while at large
sample their empirical size becomes stable around nominal size of 5%. MW and CHO tests
are the only two tests out of eighteen tests which have stable empirical size at each level of
time series while CIPS, WT and CIPS _star tests are also stable at time series 25, 50, and
100 but at T=10 their empirical size is oversized. Moreover, LW, PS, and WL tests with
divergence pattern over increasing time series are classified as oversized tests. Among
these three tests, WL test has gained much size distortion as compared to other two
oversized tests. Similarly, DH and DWH tests with zero percent empirical size at all time

series level are the only two under sized tests among eighteen tests at N=16.

Figure 4.5: Empirical Size of Tests with Null of Unit Root (Intercept Case), N=32
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Figure 4.5 explains the empirical size performance of PUR tests having the null hypothesis
of unit root when number of cross sections are large (i.e. N=32) and data are generated

with intercept term only. The same results are observed from Figure 4.5 for the PUR tests
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having the null hypothesis of unit root as have been elaborated earlier when the number of
cross sections are less than 32. Again, majority of these tests have convergence behavior
as the time series level approaches from small to large with unstable empirical size at small
and medium time series while at large time series their empirical size become stable around
nominal size of 5%. MW and CHO tests have stable size whether time series level is small,
medium or large as these tests are developed based on p-value. Similarly, CIPS, WT, and
CIPS_star tests become stable from empirical size point of view at medium and large
sample sizes but at small time series these tests are a little oversized. Moreover, PS, LW.
and WL tests have also unstable size with divergence behavior, as the time length gets
larger. While, DH and DWH tests having 0% empirical size at each level of time series are
identified only two under sized tests among eighteen PUR tests when the number of cross

sections are 32.

Overall, Figure 4.1 to Figure 4.5 concludes that MW and CHO tests have stable empirical
size around nominal size of 5% whether time length is small. medium or large
corresponding to each level of cross section unit when data is generated with intercept term
only. Similarly, CIPS and CIPS_star tests also get stable size at medium and large time
dimensions but at small time series level these two tests are a little oversized whether cross
section is small, medium or large. Also, majority of the tests show convergence behavior
over time series and cross section length while there are three tests having divergence
behavior over time and cross section units. Moreover, DH and DWH are the only two tests

with 0% empirical size and are the only two tests identified as under size.
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4.2. Empirical Size Evaluation of Panel Unit Root Tests, Intercept and

Trend Case

In this section the empirical size behavior of eighteen PUR tests having the null hypothesis
of unit root are investigated using asymptotic critical value for different combinations of
time series and cross section length when data are generated in the presence of both of the
deterministic terms. Figure 4.6 to Figure 4.10 shows the analysis of empirical size of these
eighteen tests in which x-axis shows time series dimension while y-axis represents

empirical size.

Figure 4.6: Empirical Size of Tests with Null of Unit Root (Intercept and Trend Case),

N=2
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Figure 4.6 demonstrates the empirical size analysis of PUR tests using asymptotic critical
value when data is generated with intercept and trend terms for the number of cross section

units 2 over the small, medium, and large time series dimensions. This figure shows a
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convergence pattern with unstable size at small and medium time dimensions for majority
of the tests under investigation. At large time series length these tests become stable from
empirical size point of view with a little fluctuations from the nominal size of 5%.
However, only three tests (ie. LW, PS, and WL) with unstable empirical size have
divergence pattern as the time dimension gets larger. WT test has the maximum empirical
size distortion of 83% at T=10 while WL test has 71% empirical size distortion at very
large time series dimension 100. Only MW and CHO tests have stable size at each level of
time length with a little fluctuation around nominal size of 5% and are identified as stable
tests from asymptotic critical value point of view. Also, CIPS and CIPS_star tests with a
little oversized pattern at small time series length have also stable size around nominal size
of 5% at large time series length. Moreover, DH and DWH tests with Zero percent empirical

size are the only two under size tests from nominal size of 5% when N=2.

Figure 4.7: Empirical Size of Tests with Null of Unit Root (Intercept and Trend Case),

N=4
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When the number of cross section units are 4 and data are generated by taking both of the
deterministic terms then Figure 4.7 shows that PUR tests having the null hypothesis show
the same results as have been observed in the case of intercept for the same cross section

unit.

At small time series level (i.e. T=10), WT test has the maximum empirical size of 78%
while at large time length (i.e. T=100) this test has the highest empirical size of 78.32% as
compared to other tests. According to Figure 4.7, majority of the tests converge towards
nominal size of 5% as the time series length gets larger. Only, MW and CHO tests have
stable size around nominal size of 5% at each level of time series length among eighteen
pane unit root tests having the null hypothesis of unit root as both of these tests have been
developed on the basis of p-value. Also, CIPS and CIPS_star tests have stable size at T=50
and T=100 while both of them are a little oversized from nominal size of 5% at T=10 and
T=25. Moreover, LW, WL, and WT tests with divergence behavior are identified as the
most size distortive tests among all eighteen-PUR tests. While, DH and DWH tests with
zero empirical size at each time series length are identified as the only two under size tests

from the nominal size of 5%.

These results of Figure 4.7 are parallel to Figure 4.2 when the numbers of cross sections
are 4 and data are generated in the presence of both of the deterministic terms with varying
time series length of 10, 25, 50, and 100. In both figures, MW and CHO tests are identified

as stable tests around nominal size of 5% by using asymptotic critical value.
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Figure 4.8: Empirical Size of Tests with Null of Unit Root (Intercept and Trend Case),

N=8
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Figure 4.8 shows the empirical size pattern of PUR tests having the null hypothesis of unit
root when the number of cross sections is 8 when data are generated in the presence of both
of the deterministic terms. From Figure 4.8, a convergence and unstable empirical size
pattern of majority tests have been observed as the time dimension increases from small to
large. At small time series majority of the tests are unstable and are oversized while at large

sample their empirical size becomes stable around nominal size of 5%.

According to Figure 4.8, MW and CHO tests are the only two tests among eighteen tests
which have stable empirical size at each level of time series. Similarly, CIPS and CIPS_star
tests are also stable at time series 25, 50, and 100 but at T=10 their empirical size is
oversized. Moreover, LW, PS, and WL tests with divergence pattern over increasing time

series are classified as oversized tests. Among these three tests, WL test has gained much
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size distortion as compared to other two oversized tests. However, DH and DWH tests with
zero percent empirical size at each level of time series are the only two under sized tests
among eighteen tests at N=8. These results of Figure 4.8 are similar to the results of Figure

4.3 when data are generated with intercept term only.

Figure 4.9: Empirical Size of Tests with Null of Unit Root (I ntercept and Trend Case),
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When the numbers of cross sections are 16 then Figure 4.9 shows a very similar picture as
has been observed for the previous cross section units when data are generated in the
presence of both of the deterministic terms. A convergence pattern of empirical size
towards nominal size of 5% has been observed for fifieen PUR tests having the null
hypothesis of unit root. Among these tests, the maximum and minimum empirical size has
been observed as 64% corresponding to RMA test at T=10 and 2.99% corresponding to

WT test at T=100. Also, majority of these tests become stable at large time series level.
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Similarly, LW, PS, and WL tests with divergence behavior towards 100% empirical size
are identified as most size distortive size tests as the time series level gets larger. Only, two
tests (1.e. MW and CHO) have stable empirical size around nominal size of 5% at each
time series length while CIPS and CIPS_star tests are a little oversized at small cross
section but both of them become stable as the time dimension increases. However, there
are two tests having 0% empirical size and are identified as only two under sized tests from
nominal size of 5%. Figure 4.9 results are very similar to results of Figure 4.4 when data

is generated in the presence of intercept term only at N=16.

Figure 4.10: Empirical Size of Tests with Null of Unit Root (Intercept and Trend

Case), N=32
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In the last, Figure 4.10 presents the empirical size behavior of PUR tests having the null
hypothesis of unit root when the number of cross sections are 32. It is obvious from Figure
4.10 that all tests behave very similarly as has been concluded from the previous figures

when the number of cross sections are less than 32.

Again, a convergence empirical size pattern towards nominal size of 5% for majority tests
have been observed as the time dimension increases from small to large. At small time
series majority of the tests are unstable and are oversized while at large sample their
empirical size becomes stable around nominal size of 5%. MW and CHO tests are the only
two tests out of eighteen tests which have stable empirical size at each level of time series
while CIPS, WT and CIPS _star tests are also stable at time series 25, 50, and 100 but at
T=10 their empirical size is a little oversized from nominal size of 5%. Moreover, LW, PS,
and WL tests with divergence and unstable empirical size pattern over increasing time
series are classified as oversized tests from nominal size of 5%. Among these three tests,
WL test has gained much size distortion as compared to other two oversized tests.
Similarly, DH and DWH tests with zero percent empirical size at each level of time series
are the only two under sized tests among eighteen tests when the number of cross sections

are 32.

Overall, Figure 4.6 to Figurc 4.10 concludes a convergence picture of empirical size
towards nominal size of 5% of majority of the tests when data are generated in the presence
of both of the deterministic terms. At each level of cross section units over fixed time series
level MW and CHO tests are identified as more stable tests while CIPS and CIPS_star tests
are only stable at medium and large time series length but they are a little oversized from

nominal size of 5% at T=10. Moreover, LW, PS, and WL tests corresponding to each cross
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section unit with fixed time series length are classified as divergent tests from empirical
size point of view. However, DH and DWH tests are the only two tests having 0% empirical
size at each level of time series dimension corresponding to cross section units 2, 4, 8, 16,

and 32. Overall, both of these two tests are detected as under sized tests.

4.3. Empirical Size Evaluation of Panel Stationarity Tests, Intercept Case

In this section, the empirical size pattern has been evaluated using asymptotic critical value
of six PUR tests (i.e. HD, HL, HLM, KX, SS, and DHT) having the null hypothesis of
stationary when data are generated in the presence of intercept term only. Figure 4.11 to
Figure 4.15 explains the analysis of empirical size of these tests in which x-axis represents

time series dimension while y-axis shows empirical size.

Figure 4.11: Empirical Size of Tests with Null of Stationary (Intercept Case), N=2
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In Figure 4.11, empirical size evaluation of stationary tests have been shown when the
numbers of cross section units are 2 and data are generated with an intercept term only. It

is observed that at small time series length all stationary tests have empirical size in
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between 40% and 70% in which HD and HL tests have minimum size distortion as
compared to other tests from nominal size of 5%. As the time series length increases from
small to large then all stationary tests have convergence behavior with respect to their
empirical size. HD and HL tests have less size distortion as compared to other stationary
tests at each level of time series dimension while HLM test has the most empirical size
distortion at each level of time series length. Also, HD and HL tests converge to towards
nominal size of 5% as the time dimension gets larger. At T=100, their (HD and HL tests)
empirical size become 12% and 15% respectively which is not too far from nominal size
of 5% when N=2. However, from Figure 4.11, all other stationary tests (1.e. HLM, KK, SS,
and DHT) have achieved empirical size in between 30% to 40% at large time dimension
(i.e. T=100) when the number of cross sections are 2, thus these tests are more size

distortive ones.

Figure 4.12: Empirical Size of Tests with Null of Stationary (Intercept Case), N=4
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Figure 4.12 represents the empirical size performance of stationary tests when the number
of cross sections is four and data are generated in the presence of intercept term only. A
convergence pattern of empirical size is obtained by all stationary tests as the time
dimension varies from small to large with minimum value of 10% of HD test corresponding
to large time dimension (i.e. T=100) while a maximum value of 61% of HLM test
corresponding to T=10. According to Figure 4.12, HD and HL tests gain minimum
empirical size whether time series level is small, medium or large and both of these tests
perform similar. Also, their empirical size is very close to the size of nominal size of 5%
as compared to other stationary tests. While, HLM test has the highest empirical size at
each time dimension and this test is identified as the more size distortive test among the all
stationary tests. From Figure 4.12, it is noticed that as the number of cross section units

gets larger then empirical size of each stationary test drops towards nominal size of 5%.

When the number of cross section units are 8 then Figure 4.13 explains the empirical size
behavior of stationary tests over time series 10, 25, 50, and 100 when data are generated
with intercept term only. All stationary tests show a convergence pattern as the time series
length increases from small to large. At T=10, the maximum (i.e. 57%) and minimum
(6.97%) empirical size has been observed corresponding to HMLM and HD tests,
Similarly, when the time series length is 25 then HLM test with 51% and HD test with 24%
empirical size are identified as the most and less size distortive tests from nominal size of

5%.

Further, as the time dimension reaches to 50 and 100 then HD test with 15% and 6%
empirical size has been detected as less size distortive test while HLM test with 44% and

36% is assigned as more size distortive test from nominal size of 5%.

79



L]

Figure 4.13: Empirical Size of Tests with Null of Stationary (Intercept Case), N=8
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Overall, as the time length moves from small to large then HD and HL tests having
minimum value of their empirical size at each time series are identified as the less size
distortive tests while HLM test is classified as more size distortive test. Also, HD and HL
tests gets their empirical size equal to nominal size of 5% when the time length is large.
While, KK and S8 tests have very close empirical size at each stage of time dimension just

like HD and HL tests.

Moreover, from Figure 4.13, it is concluded that as the number of cross sections are

increases then empirical size of each stationary test decreases towards nominal size of 5%.
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Figure 4.14: Empirical Size of Tests with Null of Stationary (Intercept Case), N=16
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Figure 4.14 investigates the empirical size of stationary tests obtained by using asymptotic
critical value for different time series length when the number of cross section unit is 16,
Figure 4.14 shows that all stationary tests have declining pattern as the time series length

increases from small to large.

At small time series dimension (i.e. T=10) Figure 4.14 shows HLM test with highest
empirical size, thus indicating high size distortion from nominal size of 5%, while HD test
with empirical size of 26% is recognized as less size distortive test. Moreover, as the time
dimension increases from 10 to 25, 50, and 100 then again HLM and HD tests have

maximum and minimum empirical size at stage of time dimension, respectively.

Figure 4.14 shows that HD and HL tests have less empirical size distortion from nominal
size of 5% at each time series length and at large time dimension their empirical size
become equal to nominal size of 5%. Similarly, KK, SS, and DHT tests with convergence

picture have very close empirical size at each time series length.
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Figure 4.15: Empirical Size of Tests with Null of Stationary (Intercept Case), N=32
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Figure 4.15 analyzes the asymptotic critical value based empirical size of six stationary
tests over time series length small, medium, and large when the number of cross sections
are large (i.e. 32) and data are generated with intercept term only. Again, a convergent
picture towards nominal size of 5% has been observed for all stationary tests as the time

series dimension increases from small to large.

Figure 4.15 explains that HLM test has highest empirical size at each time series length
and 1s the more size distortive stationary test while HD and HL tests with minimum
empirical size are identified as less size distortive tests from nominal size of 5%. Also, at
large time series length both of these tests become equal around nominal size of 5%.
Overall, Figure 4.15 concludes an unstable size behavior of all stationary tests at all time

series dimension.

Figure 4.11 to Figure 4.15 concludes that all six panel stationary tests are unstable at small
and medium time series length but only HD and HL tests become stable at large time and
cross section units from nominal size of 5% when data are generated with intercept term
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only. Similarly, LM test with unstable empirical size pattern for all combination of time
series and cross section units is identified more size distortive test when data are generated
with intercept term only. Also, a decreasing size distortive picture has been observed for
all panel stationary tests as both time series and cross section units increases. At very large
time series and cross section units our analysis indicates that the empirical size will
eventually become equal to nominal size of 5% for almost all tests when data are generated

with intercept term only.

4.4. Empirical Size Evaluation of Panel Stationarity Tests, Intercept and

Trend Case

In the last section of this chapter, the empirical size of all PUR tests having the null
hypothesis of stationary have been discussed when data are generated with intercept and
trend terms for different number of cross section units (i.e. N=2, 4, 8, 16, and 32} having
the fixed time series levels (i.e. T=10, 25, 50, and 100). The empirical size of these tests

can be analyzed from Figure 4.16 to Figure 4.20.

Figure 4.16 indicates the empirical size pattern of panel stationary tests for the number of
cross section units 2 over time series length of 10, 25, 50, and 100 when data are generated

both with intercept and trend terms.
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Figure 4.16: Empirical Size of Tests with Null of Stationary (Intercept and Trend

Case), N=2
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Figure 4.16 shows an unstable (from nominal size of 5%) and convergence picture for all
panel stationary tests as the time series length increases from small to large. Among these
six panel stationary tests, only HD and HL tests gain less size distortion at small to large
time series dimensions as compared to other stationary tests. While HLM test with more
empirical size distortion from nominal size of 5% is identified as more unstable test among

all stationary tests.

Moreover, KK, SS, and DHT tests with approximately same unstable and convergence
pattern get empirical size in between 26% to 34% when time dimension is large as
compared to their empirical size in between 46% to 55% at small time dimension. This
means that all these three tests gain less size distortion at large time series level as compared
to their empirical size at small time series length. Results of Figure 4.16 are similar to that

of Figure 4.11 when data are generated with intercept term only.



Figure 4.17: Empirical Size of Tests with Null of Stationary (Intercept and Trend

Case), N=4
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Figure 4.17 shows the empirical size performance of panel stationary tests when the
number of cross sections are 4. Again, all tests show a convergence (towards nominal size
of 5%) and unstable (from nominal size of 5%) pattern as the time dimension progress from
small to large at N=4 when data are generated in the presence of both of the deterministic

terms.

At small to large time series dimension, only HD and HL tests have maintained less size
distortion while HLM test has achieved more size distortion from nominal size of 5%
among all panel stationary tests. However, KK, SS§, and DHT tests also achieve unstable
empirical size at small to large time series but their behavior remains the same over
different time dimension. Figure 4.17 shows a more decreasing value of empirical size of
all tests as compared to Figure 4.16 when the number of cross section units is 2. Also, the
results of Figure 4.17 are the similar to Figure 4.12 when data are generated with intercept

term only.
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Figure 4.18: Empirical Size of Tests with Null of Stationary (Intercept and Trend

Case), N=8
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When the number of cross section units are § then a very similar picture has been obtained
from Figure 4.18 as has been observed from Figure 4.16 and Figure 4.17 when the number
of cross section units are less than 8 and data are generated with intercept and trend terms.
First, a convergence and unstable pattern of all panel stationary has been obtained as the
time series length progress from small to large. At small time series level all tests have
empirical size in between 33% to 62% which decreases to 8% to 36% at large time
dimension when the number of cross sections are 8. Second, HD and HL tests remains less
size distortive as compared to HEM, KK, SS, and DHT tests when time series length
approaches from small to large. At T=100, both of these two tests get empirical size very
close to nominal size of 5% which will eventually become equal to 5% at very large time
series level. Third, HLM test with highest level of size distortion is identified as more size

distortive test among the panel stationary tests at each level of time series length.
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Lastly, KK, SS, and DHT tests with very similar pattern of their unstable empirical size
over small to large cross units are ranked in between HD, HL, and HLM tests. Further, the
empirical size of panel stationary tests have been decreased at N=8 as compared to their
empirical gain at N=4 and N=2. Also, Figure 4.18 indicates a very similar sketch as it has
been observed from Figure 4.13 when data are generated in the presence of an mtercept

term only.

Figure 4.19: Empirical Size of Tests with Null of Stationary (Intercept and Trend

Case), N=16
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Figure 4.19 investigates the empirical size of stationary tests when the number of cross
section units is 16 over small to large time series. Again, a convergence and unstable
empirical size picture has been observed over small to large time dimension for all panel

stationary tests.

At T=10, the maximum empirical size of 60% is gained by HLM test while a minimum of

30% by HD test among all six tests. Similar results have been observed in the case of HLM
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and HD tests among all panel stationary tests as the time progress from medium to large.
Among these six panel stationary tests, HD and HL tests have less size distortion from
nominal size of 5% at each level of time dimension. Also, both of these tests achieve their
empirical size equal to nominal size of 5% as the time dimension increases to 100. While,
HLM test with unstable and more size distortion from nominal size of 5% is concluded as

the most size distortive test over time series length 10 to 100.

Moreover, KK, SS, and DHT tests with very similar unstable empirical size pattern lie in
between less and more size distortive tests from nominal size of 5%. Figure 4.19 indicates
a very similar picture as has been concluded from Figure 4.14 when data are generated
with intercept term only. Also, the empirical size of each panel stationary test has been

dropped as compared to their empirical size from Figure 4.16 to Figure 4.18.

When the number of cross section units are 32 then Figure 4.20 explains the empirical size
behavior of stationary tests when data are generated with intercept and trend terms. All
panel stationary tests maintain a convergence and unstable empirical size pattern as the
time dimension moves from small to large. Moreover, the empirical size of HD and HL
tests become stable around nominal size of 5% at medium and large time dimensions. Also
both of these tests take less size distortion at each time series length which fluctuate around
28% to 5% as compared to all other stationary tests. While, HLM test with maximum
empirical size at each time series level is considered as more size distortive test among KK,
SS, and DHT tests. However, HLM test has become very close to empirical size of KK,
SS, and DHT tests as the number of cross section units become large as compared to its

performance of empirical size for number of cross section less than 32.
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Figure 4.20: Empirical Size of Tests with Null of Stationary (Intercept and Trend

Case), N=32
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The findings of Figure 4.20 are similar to the results of Figure 4.15 when the data are
generated in the presence of intercept term only. Also, from Figure 4.16 to Figure 4.20, a
decreasing empirical size of each test has been seen as the number of cross section and
time units gets larger. At very large cross section and time series units all these tests will

get approximate empirical size towards nominal size of 5%.

4.5. Concluding Remarks

In the first (Section 4.1) and second section (Section 4.2) of this chapter it is concluded that
majority of PUR tests having the null hypothesis of unit root have unstable empirical size
from nominal size of 5% for different combination of time series and cross section lengths
when asymptotic critical value is used to calculate size. Majority of the PUR tests (BNG,
BU, IPS, LLC, CIPS, CIPS_star, CH, WT, MP, OS, RMA) have convergence pattern

towards nominal size of 5% while only three tests (LW, PS, and WL) are detected with
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divergence behavior from nominal size of 5% as the number of cross section units varies

over fixed time series level of 10, 25, 30, and 100.

Further, MW and CHO tests are recognized as more stable tests whether time and cross
section dimensions ae small, medium or large. While CIPS and CIPS star tests are only
stable at medium and large time series length but they are a little oversized from nominal
size of 5% at T=10. However, DH and DWH tests are the only two tests having 0%
empirical size at each level of fixed time series dimension corresponding to cross section

units 2, 4, 8, 16, and 32. Overall, both of these two tests are detected as under sized tests.

Similarly, the last two sections (Section 4.3 and Section 4.4) have evaluated the empirical
size performance of six PUR tests (i.e. HD, HL, HLM, KK, SS, and DHT) having the null
hypothesis of stationary when asymptotic critical value is used to calculate size. It is
concluded that all tests have unstable empirical size from nominal size of 5% when the
time dimension is small, medium or large. At large time series dimension HD and HL test
become equal to nominal size of 5% when the number of cross sections are greater than 4.
Also, both of these two tests have less size distortion as compared to other stationary tests
at each level of time series for all cross section units. Similarly, HLM test has the more
size distortion from nominal size of 5% at each combination of time series and cross section
lengths. While, KK, SS, and DHT tests also have unstable empirical size from nominal size
of 5% but all these three tests lie in between category of less and more size distortive tests
at each combination of time series and cross section length. Hence, it is necessary to

stabilize size before making any comparison of PUR tests.
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Chapter 05

Size Analysis of Panel Unit Root Tests

5.1. Stabilizing Size using Simulated Critical Value

This chapter focuses on size of both type of PUR tests (i.e. null hypothesis of unit root and null
hypothesis of stationary). In previous chapter, it is concluded that asymptotic critical value causes
unstable size for both categories of PUR tests. In this chapter, simulated critical value are used to
equalize type-l error at nominal level of 5% for all PUR tests under consideration. This size
stabilization of tests are made for different level of time series and cross sectional dimension for
model with deterministic parts. Tests to be compared on the basis of size are abbreviated as; MP,
PS, BNG, CH, CHO, LLC, BU, IPS, MW, CIPS_star, CIPS, DWH, RMA, LW, DH, WT, OS, and
WL. All these tests belong to the null hypothesis of PUR. The null hypothesis of stationary tests is
abbreviated as HD, HL, HLM, SS, KK, and DH. In the first part of this chapter, the size of tests
having the null hypothesis of PUR are evaluated using simulated critical value. Lastly, this chapter
shit light on the second category of PUR tests having the null hypothesis of stationary under
simulated critical value. This stud considers T=10, 25, 50, 100 and N=2, 4, 8, 16. 32 for time series
and cross section dimensions respectively to analyze size of both categories of tests using Monte

Carlo Simulation Size (MCSS) 10,000.

5.2. Stabilized Size with the Null Hypothesis of Panel Unit Root

(Intercept Case)

In this section, size of eighteen PUR tests having the null hypothesis of unit root based on
simulated critical value are analyzed. Figure 5.1 shows the stabilized size behavior of PUR
tests for N=2 and intercept case only. In this graph, x-axis represents the time dimension
and y-axis shows the size of the tests. It is clear that all tests size fluctuate around 5% of

91



nominal size as the time dimension progress from 10 to 100, showing the stability of the
tests based on simulated critical value. This fluctuation varies from 4% to 6% for almost

all tests.

Figure 5.21: Size of the Tests with Null Hypothesis of Unit Root and Intercept Case

only, N=2
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When number of cross sections increases from 2 to 4 then the same picture 1s obtained as
has been described for N=2 as the sample size gets larger from smallest (N=10) to largest
(N=100). Figure 5.2 shows a smooth fluctuation around 4% to almost 6% which is very

close to nominal size of 5%.

Figure 5.3 clearly portrays that all tests are size stabilized at nominal size of 5% when
simulated critical values are used for N=8 as the time senes gets larger from 10 to 100. WL
has the smallest size of 4.18% while LW has the largest size of 6% when simulated cntical

value is used to calculate nominal size of 5%.
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Figure 5.22: Size of the Tests with Null Hypothesis of Unit Root and Intercept Case

only, N=4
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Figure 5.23: Size of the Tests with Null Hypothesis of Unit Root and Intercept Case

only, N=8

SIZE OF THE TEST

0 10 20 30 40 50 60 70 80 90 100 110
TIME SERIES LENGTH
~avw BNG —&—BU - CH - DH ~ - DWH —— 1PS
——CiPS —_—LiC e | WY —— MP = MW —dr— PS5
RMA - -~ CHO Wi WT CIPS_star ———0S

93



Figure 5.4 and Figure 5.5 concludes that all tests have a stable size around nominal size of
5% for N=16 and N=32 as time dimension varies from 10 to 100 when simulated critical

value 1s calculated for different combinations of time series.

Figure 5.24: Size of the Tests with Null Hypothesis of Unit Root and Intercept Case

only, N=16
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Figure 5.25: Size of the Tests with Null Hypothesis of Unit Root and Intercept Case

onlv, N=32
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Clearly, Figure 5.2 to Figure 5.5 shows the size stability behavior of the PUR tests having
the null hypothesis of unit root for N=4, 8, 16, and 32 and intercept case only. Like Figure
5.1, x-axis and y-axis represents the time dimension and size of the tests respectively. All
these figures present a clear view of stabilizing size for all the cross section and time
dimensions. In these figures, a stabilize size ranges from 4% to 6% by using a simulated

critical value.

5.3. Stabilized Size with the Null Hypothesis of Panel Unit Root

(Intercept and Trend Case)
Figure 5.6 to Figure 5.10 explains the size of the PUR tests having the null hypothesis of
unit root, when data are generated using both of the deterministic terms, using simulated

critical value for cross sections N=2, 4, 8, 16, and 32 and time series dimension T=10, 25,

50, and 100.

Figure 5.26: Size of the Tests with Null Hypothesis of Unit Root, Intercept and Trend

Case (N=2)
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According to Figure 5.6, when N=2, a stable size of around nominal size of 5% has been
observed for different level time series dimensions when data are generated both with
intercept and trend terms. Also, a stabilized size of tests with fluctuation around 4% to 6%

are observed for different level of time and cross section dimensions.

Figure 5.27: Size of the Tests with Null Hypothesis of Unit Root, Intercept and Trend

Case (N=4)
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Figure 5.7 describes, when data are generated in the presence of both {intercept and trend
terms) of deterministic terms, and simulated cruciat value is calculated for different level
of time series and cross section unit 4 for all PUR tests having the null hypothesis of unit
root then size of PUR tests are approximately equal 10 nominal size of $%. It can be
observed that at time series 25, BU test has the smallest size of 4.04% and at the same ttme

sertes level CIPS_star test has the fargest size of 5.8% among all other time series levels

when N=4.
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Figure 5.28: Size of the Tests with Null Hypothesis of Unit Root, Intercept and Trend

Case (N=8)
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It is concluded from Figure 5.8 that all tests have an approximate size of nominal size of
5% for all sample sizes when size is calculated for N=8 using simulated critical value in
the presence of both of the deterministic terms in the DGP. A minimal size of 3.85% tor
LLC test and a maximum size of 5.96% for OS test has been observed at time series level

of 10 and 50, respectively. But both of them are not too far from nominal size of 5%.

Similarly, Figure 5.9 clearly shows the same type of variation of minimum size of 4% and
maxtmum size of 6% around nominal size of 5%, when data are generated with intercept

and trend terms for N=16.

Lastly, when data are generated for N=32, all PUR tests have an approximate fluctuation
equal to nominal size of 5% as sample size varies from smallest {i.c. T=10) to largest (i.e.

T=100). This result is presented in Figure 5.10.
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Figure 5.29: Size of the Tests with Null Hypothesis of Unit Root, Intercept and Trend

Case (N=16)
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Figure 5.30: Size of the Tests with Nuil Hypothesis of Unit Root, Intercept and Trend

Case (N=32)
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Overall, the resulits for both cases (i.e. i- intercept case, 11-intercept and trend case) show
that size of all tests for different cross section units and time series level remain stable

around nominal size of 5%.

5.4. Stabilized Size with the Null Hypothesis of Stationarity (Intercept

Case)

This section mvestigates size performance of PUR tests having the null hypothesis of
stationarty when data are generated with intercept term only. Figure 5.11 to Figure 5.15
are given to analyze size of the six stationary tests for different cross section units with
varying sample size from 10 to 100 using simulated critical values for each type of time
series and cross section unit combination. It is clear that size of all tests (i.e. HD, HL, HLM,
KK, S8, and DHT) varies trom 4% to 6% (approximately) as the time series progress from

small to larger, which suggests that size of all tests are equal to nominal size of 5%.

Figure 5.31: Size of the Tests with Null Hypothesis of Stationarity, Intercept Case

(N=2)
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Figure 5.11 displays a graphical representation of HD, HL, HL.M, KK, SS, and DHT tests
have a size around nominal size of 5% for almost all sample sizes when N=2 and data are
generated with intercept term only. Here, DHT test has the minimal size of 4.08% at sample
size 25 and at the same sample size KK test has the maximum size of 6.12% among all

sample stzes when N=2.

Figure 5.32: Size of the Tests with Null Hypothesis of Stationarity, Intercept Case

(N=4)
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At N=4 for sample sizes 10, 25, 50, and 100, Figure 5.12 shows that all panel stationary
tests fluctuates around 4% to 6% when data are generated with intercept term only. HLM
has the least size of 4.22% at sample size 10 while DHT test has greatest size of 5.96% at

sample size 100 among all sample sizes.
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Figure 5.33: Size of the Tests with Null Hypothesis of Stationarity, Intercept Case

(N=8)
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When number of cross sections is 8 then Figure 5.13 displays a stmilar picture as have been
observed in the last two figures. Figure 5.13 indicates that HLM test has the minimal size
of 4.36% at T=10 and KK test has the maximum size of 6.26% at T=100. Overall, Figure
5.13 demonstrate an approximate fluctuation of 4% to 6% at nominal size of 5% which

represents a stabilized size to compare panel stationary tests using stringency criterion.

Figure 5.14 and Figure 5.15 concludes that HD, HL, HLM, KK SS, and DHT tests have a
stabilized size equal to nominal size of 5% when data are generated with intercept term
only for N=16 and N=32. According to Figure 5.14, HL test has minimum size of 4.3%
and KK test has maximum size of 6.36% around benchmark size of 5%. Similarly, Figure
5.15 shows that the least size of 4.1% has been taken by DT test while KK test has the

greater size of 6.12% at N=32.
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Figure 5.34: Size of the Tests with Null Hypothesis of Stationarity, Intercept Case

(N=16)
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Figure 5.35: Size of the Tests with Null Hypothesis of Stationarity, Intercept Case

(N=32)
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It 1s investigated that all tests having the null hypothesis of panel stationary fluctuate their

size around nominal size of 5% for small, medium and large sample size with different

level of cross section units.

3.5. Stabilized Size with the Null Hypothesis of Stationarity (Intercept

and Trend Case)

This section examines size of panel stationary tests when data are generated in the presence
of both of the deterministic terms using simulated critical values for different combination
of time series and cross sections. Figure 5.16 to Figure 5.20 explains that all stationary tests
approximate their size in between 4% to 6% which clarify that all these tests have size

equal to nominal size of 5% at each combination of N and T.

Figure 5.36: Size of the Tests with Null Hypothesis of Stationarity, Intercept and

Trend Case (N=2)
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From Figure 5.16 for N=2, It can be determined that HD, HL, HLM, KK, SS, and DHT
tests have stable size of around 5% (nominal size) for sample sizes 10, 25, 50, and 100

when data are generated with intercept and trend term.
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Figure 5.37: Size of the Tests with Null Hypothesis of Stationarity, Intercept and

Trend Case (N=4)

6.5

h

w
n

SIZE OF THE TEST
v

45
4
35
0 10 20 30 40 50 60 80 90 100 110
TIME SERIES LENGTH
~#~HD —M~HL - - HIM  ~ KK =535 —g—DHT

Figure 5.17 shows a very clear view that size of all panel stationary tests based on simulated
critical vatue fluctuate between 4% to 6% when data are generated in the occurrence of
both of the deterministic terms for N=4. Here, 4.04% and 5.98% are the lowest and largest
size corresponding to SS and DHT tests at the same time level. Overall, all test have

stabilized size to nominal size of 3% at N=4.

Figure 5.38: Size of the Tests with Null Hypothesis of Stationarity, Intercept and

Trend Case (N=8)
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Figure 5.18 clearly portrays that all stationary tests have a stable size around nominal size
of 5% when data are generated with intercept and trend terms by using simulated critical
value. More ever, Figure 518 concludes that HLM and KX tests have minimum and
maximum size at sample size 10 and 100 respectively and both of them are very close to

usual nominal size of 5%.

Figure 5.39: Size of the Tests with Null Hypothesis of Stationarity, Intercept and

Trend Case (N=16)
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Figure 5.19 and Figure 5.20 indicate a similar graphical presentation as described by
previous pictures when data are generated in the occurrence of both of the deterministic
terms using simulated critical value when number of cross sections are 16 and 32,
respectively. Both of the figures conclude that all panel stationary tests have an

approximate stable size around nominal size of 3%.
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Figure 5.40: Size of the Tests with Null Hypothesis of Stationarity, Intercept and

Trend Case (N=32)
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It is observed from Figure 5.16 to Figure 5.20 that HD, HL, HLM, KK, SS, and DHT tests
have stabilized size around nominal size of 5% when data are generated in the presence of
both of deterministic terms for varying number of number of time series and different cross

section units.

Overall summary for both type of deterministic cases show that all tests having the null
hypothesis of panel stationary have stabilize size approximately equal to nominal size of

5%.

5.6. Concluding Remarks

Overall results reveal that tests for the null hypothesis of unit root and stationary have
stabilized size around nominal size of 5% when simulated critical value is used instead of
asymptotic critical value. This evidence is observed in the presence of both type of
deterministic models (i.e. with intercept, and with ntercept and trend). Therefore, size of

all PUR tests are stable around nominal size of 5% and according to stringency criterion
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both categories of PUR tests under simulated critical value can now have a meaningful

comparison.

107



Chapter 06

Power Properties of Panel Unit Root Tests

6.1. Introduction

In Chapter 05, size of the PUR tests are calculated using simulated critical value to stabilize
size of all tests at a nominal level size of 5%. In this chapter, power of PUR tests for the
null hypothesis of unit root and stationarity are calculated using the same simulated critical
value obtained from Chapter 05 for different level of time series and cross section
dimensions along with both of deterministic parts. MP, PS, BNG, CH, CHO, LLC, BU,
IPS, MW, CIPS_star, CIPS, DWH, RMA, LW, DH, WT, OS, and WL tests having the null
hypothesis of PUR, and HD, HL, HLM, SS, KK, and DHT tests having the null hypothesis
of panel stationarity are compared using stringency criterion for, both of the deterministic
parts, different time series (T=10, 25, 50, 100} and cross section (N= 2, 4, 8. 16, 32)
dimensions and using Monet Carlo Sample Size (MCSS) of 10.000. A long-run variance
is calculated for majority of the tests for both of the categories. And an automatic

bandwidth of Bartlett Kernel is used to find the long run variance.

Power curves are calculated for all the tests having the null hypothesis of PUR and power
envelope obtained using the point optimal test having the null hypothesis of PUR. A
maximum difference between powers envelop and power curve is obtained to find the MSC
of each test to identify most stringent (best) test having the null hypothesis of PUR, for
both deterministic models and, for different time series and cross section dimensions. A

similar procedure is adopted for the null hypothesis of panel stationary tests to obtain most
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stringent test, for both deterministic models and, for different time series and cross section

dimensions.

6.2. Tests Ranking

All tests are categorized into three types by analyzing the power performance of all tests
using MSC. First, a test is considered to be best test if its MSC lie in between 0 and 10%.
Second, a mediocre test satisfies the criteria if its MSC is in between 10% to 50%. Third,
a worst test is defined to have MSC above 50%. In our analysis best tests and mediocre

tests are shown by double and single stars in the tables.

The first part of this chapter analyzes the power of both type of PUR tests (i.e. tests having
the null hypothesis of unit root and tests having the null hypothesis of stationary) when the
time series dimensions varies while cross section dimensions remains fixed for both cases
of deterministic parts. The second part of this chapter evaluates power of both types of
PUR tests in the both cases of deterministic terms when time series dimension is fixed
while cross section unit remains varying. In the last section, we discuss overall summary

of the power comparison for both categories of tests.

6.3. Effect of Time Series Length on Power of Panel Unit Root Tests

In this section, PUR and stationary tests are examined keeping cross section unit fixed
while time dimension varies for the test models with drifi term only and, with both drift
and trend cases. First part of this section evaluates the power behavior of PUR tests for
both cases (i.e. with drift only and, with both drift and trend) and the last part analyzes

power of stationary tests in the presence of both of the deterministic terms.

109



6.3.1. Effect of Time Series on Maximum Shortcomings Evaluation of the

Tests having the Null Hypothesis of Unit Root (Intercept Case only)
This section of the study evaluates power behavior of PUR tests by using MSC with null
hypothesis of unit root for the specification of drift term only in the DGP and model of

tests used.

In Figure 6.1 to Figure 6.5, it is observed that all tests follow a downward pattern for MSC
corresponding to increasing pattern of sample size T=10, 25, 50, 100 and for different cross
sections N=2, 4, 8, 16, 32 when data are generated with drift deterministic term only along
with same specification for the model of the tests. The criteria for a best, mediocre and
worst performer test has already defined, Figure 6.1 to Figure 6.5 include all these three
type of tests. In all figures x-axis shows time series dimensions and y-axis represents MSC

for each cross section unit.

Figure 6.1: MSC Assessments of Tests having Null Hypothesis of PUR with Intercept

only, N=2
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At N=2 and T=10, Figure 6.1 and Table 6.1 (Panel-A) show that no single test fulfills the
best test criteria but all tests show a convergence pattern as the time series length increases.
At a small time series and cross section dimension all the tests have MSC greater than 30%
excluding DWH test with 13% MSC. At the same cross section and time series dimension
(i.e. T=10 and N=2), the number of worse performing tests are more as compared to
mediocre tests, CH, DWH, IPS, and CHO tests are mediocre tests having MSC greater than
10% but less than 50%, while, BNG, BU, DH, CIPS, LLC, LW, MP, MW, PS, RMA, WL,
WT, CIPS_star, and OS tests are the worst performing according to their MSC of greater
than 50%. Hence, no single test is classified as best at small time series dimension (i.e.

T=10).

AtN=2 and T=25, an improvement has been observed for majority of the tests as compared
to last time dimension. Analysis of Figure 6.1 shows that DWH, IPS, and LLC are best
performing tests corresponding to their attained MSC as compared to their performance for
time dimension 10. Among these three best tests, LLC test has attained a remarkable gain
1n its power and has ranked as best at T=25 from worst performing test previously at T=10.
Similarly, at T=25, IPS test has also achieved a good power and has managed to classify
as best test with MSC 3% which was 37% at time series length 10. While, CH, MP, MW,
CHO, and WL are mediocre performing tests and all other tests are worst performing tests
at the same level of time series and cross section dimension (i.e. T=25 and N=2). In these
worst performing tests BNG, BU, DH, CIPS. LW, RMA, WT, CIPS_star, and OS tests
have attained a significant declining gain in the pattern of their MSC as compared to their

MSC of last sample size (i.e. T=10) while PS test shows a little improvement in its pattern.
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Further increasing sample size (SS) to 50 and 100 at N=2, it is observed that a few more
tests fulfill the criteria of best tests and those tests which performing poor at small sample
sizes become better at large sample sizes according to their MSC. CHO test has become
best test at sample size T=50 which was having MSC greater than 10% at small sample
size of T=10 and T=25. In the mediocre test category for T=50, BNG and DH tests have
shown a rapid decrease in their MSC among four other mediocre tests at the same time
series level, as both of these tests placed in worst performing category for time series level
10 and 25. All other tests (i.e. BU, CIPS, LW, PS, RMA, WT, CIPS star, and OS) have
the same status of worst performing tests as have been observed for last two sample sizes,

but showing a little improvement in their pattern.

At larger and final sample size of T= 100 for our simulation study when N=2, results of
Figure 6.1 and Table 6.1 (Panel A) reveals improvement in the PUR tests having MSC
greater than 10% for small sample sizes. BNG, CH, DH, MP, MW, and WL tests have
further accelerated their positions at larger sample size of T=100 and named themselves as
best performing tests besides other best tests for the previously small and medium sample
sizes. In the mediocre tests category, CIPS, LW, RMA, WT, OS, and CIPS star tests have
further improved their performances among the previously mediocre ranked tests for
sample sizes 10, 25, and 50. For all sample sizes at N=2, BU and PS tests show no
improvement and remain the worst performing tests. Figure 6.1 indicates that majority of
the best performing tests have attained their maximum power almost equal (very close) to
the power of point optimal test as the sample size increases from 50 to 100. It is also
observed that best, mediocre and one worst performing test tests have a downward pattern

(convergence behavior) as sample size increases from T=10 to T=100 while PS (i.e. worst
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performing) test has no such a downfall pattern. Further, it is analyzed that as the sample
size increases more tests become in the category of best performing tests and, the number

of mediocre and worst performing tests decreases.

Figure 6.2: MSC Assessments of Tests having Null Hypothesis of PUR with Intercept

only, N=4
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Figure 6.2 and Panel B of Table 6.1 show the results for N=4 with different sample sizes.
Figure 6.2 reveals that DWH, IPS and WT are the best performing tests for sample size 10
having MSC of 4%, 3%, and 9%, respectively. At the same sample size, CH, LLC, MW,
CHO, and WL are mediocre tests according to their attained MSC. The MSC of all other
tests (i.e. BNG, BU, DH, CIPS, LW, MP, PS, RMA, CIPS _star, and OS) are greater than

50% and these are the worst performing tests at sample size 10.

It can be seen that at N=4 three tests ranked as best performing tests as compared to N=2,

in which no single test is best performing, for the sample size 10. If we further observe
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Figure 6.2 for the sample size 25, it is clear that more tests satisfy the best performing tests
criteria. One of the mediocre tests (i.e. LLC) at sample size 10 has much improved its
performance and become best performing test besides DWH, IPS and WT for sample size
25. At the same time series level, Figure 6.2 and Table 6.1 (Panel B) show that CH, CIPS,
LW, MP, and CIPS_star tests have attained a downfall pattern with MSC of less than 50%,
hence ranked as mediocre tests, as compared 1o their MSC at sample size 10. However,
BNG, BU, DH, PS, RMA, and OS tests remain the worst performing tests for T=25 like
for T=10. It is clearly seen from Figure 6.2 that one more test become part of the best
performing tests category as the sample size increases from 10 to 25 while a few tests
remain as worst performing tests for both of the samples. A similar analysis is seen for the

mediocre tests for sample size 25 as compared to sample size 10.

A further larger sample size of 50 shows a very different picture as compared to previous
sample sizes (i.e. T=10 and T=25) for N=4. At sample size 50 a more declining pattern
(convergence behavior) of MSC is analyzed for majority of the tests (i.e. ten tests). Out of
these ten best performing tests, DWH and IPS tests have power very close to the power of
point optimal test at T=50. Also, among these best performing tests (BNG, CH, DWH, IPS,
CIPS, LLC, MW, CHO, WL, WT), BNG test has remarkably achieved higher power and
ranked as best performing tests from the previously assigned position of worst performing
test for time series level of 10 and 25. Moreover, DH and RMA tests corresponding to their
MSC remain mediocre tests in which DH test has improved its position from worst to
mediocre test as compared to previous sample sizes of 10 and 25. However, BU and PS
tests remain in the same status (i.c. worst performing tests) as have been observed for

sample sizes 10 and 25.
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When sample size reaches to 100 for N=4, the number of best performing tests increases
from ten to fifteen (i.e. BNG, CH, DWH, DH, IPS, CIPS, LLC, LW, MP, MW, CHO, WL,
WT, CIPS_star, and OS) as compared to best performing tests for time dimension 50. BU
test has ranked into midcore performing test from worst performing test according to its
percentage MSC. However, only PS test remains worst performing test for N=4 and for all
sample sizes. All the tests show a good convergence behavior towards zero at Jarge sample
size as compared to previous sample sizes of 10, 25, and 50, excluding BU, RMA, and PS

tests.

It is observed from Figure 6.2 that as the time dimension increases from small to large, the
best performing tests achieve maximum power which is very close to the power of point
optimal test. It is also noticed from Figure 6.1 and Figure 6.2 that at large time series level
(T=100) the number of best performing tests increases to fifteen from ten. Similarly, at the
same level of time series, both of the figures reveal that the number of mediocre and worst
performing tests also decreases. Overall, Figure 6.2 shows that DWH, IPS, and WT tests
perform well at small, medium and large time series dimensions. Moreover, LLC test also
performs better at T=10 among mediocre performing tests while it is identified as best
performing test for the remaining time series. However, majority of the other tests are

assigned as best performing tests only when time series level is greater than 25.
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Table 6.1: MSC for Null Hypothesis of Unit Root in the Presence of Intercept Case,

at N=2 and N=4
Panel A: N=2 Panel B: N=4
Test/TL 10 25 50 100 10 25 50 100
BNG 791 59.42 124.06% | 6.5%* | 78.14| 54.34 | 8.54%* | 6.1**
BU | 829 693 625 5348 7822 | 58.84| 57.84| 49.5*
CH 44.58* 1 30.5% | 14.9*% | 5.7+% | 43.74*% | 25.08% | 9.9%* | 5.5]%*
DH 7142 57.22|33.78* | 9.08** | 61.08| 55.02|21.78* | 8.08**

DWH 13.28% | 4.52%% | 1 3%% [ ].2%% [ Q48%* | 4 [8%* | [ |4*%* | | (03**

IPS 37.92% | 324%% | 3.84%*% | 2.5%k | 93k | 3 (%% | D R** | D (§**
CIPS 83.78 76.8 | 64.18 | 19.92% | 60.46 | 17.14* | 7.92%* | 5.6**
LLC 63.03 ] 8.38%* | 7.02%* | 4.5%* | 36.62% | 8.2** | 5.58%* | 520%*
LW 94| 8l.64| 73.72| 36.9* 87.526.08*% | 13.3%| 7.1%*
MP 59.14 | 46.8% | 37.38*% | 8.14** | 56.16 | 30.62* | 22.93* | 5.92**
MW 61.92 | 47.28% | 20.28% | 9.9%* | 41.68* | 3]1.54% | T.[¥* | 5.7%%
PS 83.54 | 80.06 | 79.48 | 7882 | 82.78 798 75.74 75.2
RMA 75.1 | 64.28 | 53.62 | 42.86* | 68.23 | 56.86 | 46.78* | 40.67*
CHO 47.36% | 28.34% | 8.28** | 6.5** 47* | 2827*% | 7.9%* | 53%*
WL 52421 22.84*% | 11.1% | 7.7%% | 46.12% | 22.48% | 8.4** | 55%*
WT 721 63.92) 56.04 | 42.98* | 9.42%% | 624%% | 4.5%% | 4 4%+

CIPS star | 83.48 77.3 ] 6698 |21.06*% | 60.88 | 4521*% | 24.21% | 7.5%*

(0N 753 | 63.04 54.1| 26.6* | 69.88 | 62.58| 23.9%| 9.06%+*

Note: “*** and **” indicate Best and Mediocre Tests, respectively.
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Figure 6.3: MSC Assessments of Tests having Null Hypothesis of PUR with Intercept

only, N=8
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Figure 6.3 and Table 6.2 (Panel A) show a convergence pattern for majority of the tests as

the sample size increases from 10 to 100 for N=8. Staring from sample size 10, Figure 6.3

reveals that DWH, IPS, and WT as best performing tests at that sample size. While, BNG,

CH, LLC, MW, CHO, WL, and CIPS_star tests have ranked into mediocre tests according

to their achieved MSC. However, all other eight (i.e. BU, DH, CIPS, LW, MP, PS, RMA,

and OS) tests have categorized as worst performing tests at sample size 10.

At sample size 25, LLC test has categorized as best performing test besides DWH, IPS,

and WT tests according to its behavior of MSC. Moreover, LLC test has attained a huge

downfall in its pattern as compared to its MSC at last sample size of 10. Six of the worst

performing tests (i.e. BU, DH, CIPS, LW, MP, and RMA) for sample size 10 have attained

117



good pattern for sample size 25 and assigned as mediocre tests for that sample size. Lastly,
two (i.e. PS and OS) tests also perform very poorly at sample size 25 as we have observed

their same status at sample size 10.

For sample size 50 and 100, a very similar pattern can be observed for most of the tests
besides MP and OS tests. These two tests have MSC less than 10% for time series
dimension 100 as compared to their MSC of less than 50% at time series level 50. At both
sample sizes, PS test has MSC almost with a constant pattern and ranked as worst
performing tests. At sample size 50, ten tests (i.e. BNG, CH, DWH, IPS, CIPS, LLC, MW,
CHO, WL, and WT) while at sample size 100 fifteen tests (i.e. BNG. CH, DH, DWH, IPS,
CIPS, LLC, LW, MP, MW, CHO, WL, WT., CIPS star. and OS) have ranked as best
performing tests according to their MSC which shows that the number of best performing
tests increases as the sample size increases. Moreover, BU, DH, LW, MP, RMA,
CIPS_star, and OS tests have assigned as mediocre tests with respect to their MSC at T=50,
Further, as the time series level increases to 100 then the number of mediocre tests

decreases and only three tests (BU. PS, and RMA) are ranked as mediocre tests.

It is observed from Figure 6.3 that majority of the PUR tests having the null hypothesis of
unit root are ranked as best performing test at large sample sizes when the number of cross

sections are 8.
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Figure 6.4: MSC Assessments of Tests having Null Hypothesis of PUR with Intercept

only, N=16
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A further improvement in the declining pattern (convergence behavior) of PUR tests can
be observed in Figure 6.4 and also from Table 6.2 (Panel B) for N=16. At sample size of
10, DWH, IPS and WT tests have MSC less than 10% and categorized as best performing
tests. At the same time series level, BNG, CH, DH, LLC, LW, MP, MW, CHO, WL, and
CIPS_star tests have MSC in between assigned benchmark of MSC for the mediocre tests
and all of these ten tests have ranked as mediocre tests. However, all other tests (i.e. BU,
CIPS, PS, RMA, and OS) have worst performance with MSC greater than 50% at sample

size 10.

As sample size increases from 10 to 25, more tesis make their presence in the best
performing tests category. These include, CH and LLC tests with MSC lie in the

benchmark of MSC considered for a best performing test. Figure 6.4 also indicates that
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powers of DWH and IPS tests have almost become equal to the power of a point optimal
test as the sample size increases. While BU, CIPS, RMA, and OS tests have shown
improvement as well and have ranked as mediocre tests at time series level 25 as compared
to their MSC for the last sample size. At sample 25, only PS test has MSC greater than

50% and ranked as worst performing tests.

At large sample size of 50 and 100, thirteen (i.e. BNG, BU, CH, DH, DWH, IPS, CIPS,
LLC, MP, MW, CHO, WL, and WT) and sixteen (i.e. BNG, BU, CH, DH, DWH, IPS,
CIPS, LLC, LW, MP, MW, CHO, WL, WT, CIPS_star, and OS) tests have concluded as
best performing tests, respectively. Further, LW, RMA, CIPS_star, and OS tests have MSC
less than 50% but greater than 10% while only one test (i.e. RMA test) has a MSC of less
than 50% but greater than 10% have categorized as mediocre tests for sample size 50 and
100, respectively. At sample size 50, PS test has worst performarnce having MSC of 68%.
While increasing sample size to 100, the same test (PS) remains the worst performing test.
Excluding the worst performance of PS test, overall analysis of the pattern in Figure 6.4
and Table 6.2 (Panel B) conclude that as sample size increases MSC of majority of the tests

decreases and at last reaches to almost zero showing the good performance of these tests.

Figure 6.4 indicates that majority of the tests performs well and are ranked best performing
tests at large time series levels. Also, PS test is the only worst performing test but with
further increase of time series (i.e. greater than 100) this test may get good power and will

eventually ranked into mediocre class.
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Table 6.2: MSC for Null Hypothesis of Unit Root in the Presence of Intercept Case,

at N=8 and N=16

Panel A: N=8 Panel A: N=16
Test/TL 10 25 50 100 10 25 50 100
BNG 45.64* 26% | 7.04%* | 52%*% 1 40.93*% | 24.26% | 6.22%% | 2.1**
BU 73.3 50% | 46.8* | 25.64* | 71.07 | 45.79*% | 7.64%* | 2.72%x*
CH 33.46% | 11.08* | 6.1** | 5,08*%* | 13.44* | 7.0%+| 5o%x [ 43%x
DH 60.76 | 45.5% | 17.79* | 7.34** [ 40.34* | 15.18* | 9.9%* [ 5.01**
DWH 6.96%* | 111%* | 1.02%* | 1.08%* | 3.22%* | |.16%* | .04%* | (.8+*
IPS 6.54%% | 3.19%* | 1.39%*% | 127%% | 3.4%% | D Q7% | g%k | | %%
CIPS 56.34 | 15.9% | 6.4%* | 4.1** | 5442 14.96* | 6.38%* | 4.1**
LLC 32.62% | 6.03*%* | 33%* | 31** | [73%[5.97%% [ 32%% | g%+
LW 7132 125.74% | 12.9% | 6.4** | 24.18* | 20.96* | 11.16* | 3.02*%*
MP 52.04 127.99% 1 13.88% | 0.6%* | 47.89* | 20.48* | 2.46** | 1.18**
MW 36.64% | 15.52% | 5.9%* | 5.0** | 263% [ 15.16% | 2.9%* | go*+
PS 79.68 732 73.08| 7226 79.46 71.5 68.5 66.3
RMA 63.28 | 47.12* | 43.84* | 19.06* 55| 46.82% | 22.62*% | 11.04*
CHO 37.62% | 25.56% | 6.6%* [ 4.7%* [ 3554% [ 24.67% | 4.01%* | 3.13%*
WL 37.26% | 16.23% | 7.9%* | 4.8%* [ 36.82% [ 16.14* | 6.91** | 3.7+
WT 8.06%* | 5.33*%* | 4.1%% | 438%* [ 784%x | §52%x [ 33%% | 3 g|#+
CIPS star 49.4% 136.58% | 18.9% | 6.2** [ 47.44% [ 33.56* [ 16.76* | 6.1+
OS 6523 | 61.84 |20.01* | 7.2**] 64.42|48.88* | 19.04* | ¢ 1**

Note: “**” and “*" indicate Best and Mediocre Tests, respectively.
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Figure 6.5: MSC Assessments of Tests having Null Hypothesis of PUR with Intercept

only, N=32
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At N=32, which is the last level of cross sections in our simulation study, for different time
series levels (i.e. from small to large} a clear decline pattern (convergence behavior) is
shown in Figure 6.5 for almost all tests. In Table 6.3 and from Figure 6.5 it is observed that
only DWH, IPS, and WT tests have MSC less than 10% and have categonzed as best
performing tests for sample size 10. At the same time series dimension, BNG, CH, DH.
CIPS, LLC, LW, MP, MW, RMA, CHO, WL, and CIPS_star have ranked as mediocre
tests according to their MSC performances. According to worst performing tests criteria,

BU, PS and OS have assigned as worst performing tests.

As the sample increases from 10 to 25, Figure 6.5 shows that all other tests have cither

ranked as best or mediocre performing tests according to their MSC criteria except PS test
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which is worst performing test. The MSC of BU test for sample size 25 is declined very
fast and has ranked as mediocre test along with OS test as compared to their previous MSC
for sample size 10. Now at sample size 23, there are ten tests (i.e. BNG, CH, DH, DWH,
IPS, LLC, MW, CHO, WL, and WT) as compared to three tests for sample size 10 which
has MSC less than 10% and are categorized best performing tests for that sample size.
Moreover, most of the tests have gained higher power and have showed a decreased pattern

in their MSC.

At time series level of 50, Figure 6.5 shows a good and smooth downward fall for almost
all tests excluding PS test. At the same time series level, sixteen (i.e. BNG, BU, CH, DH,
DWH, IPS, CIPS, LLC, LW, MP, MW, RMA, CHO, WL, WT, and CIPS_star) tests have
adjusted themselves in best performing tests category. Only OS test has categorized as
mediocre test according to its MSC of 17%. However, only one (i.e. PS) test has ranked
into worst performing test showing a constant behavior over small time series level to time
series level 50. At T=50 for N=32, the number of best performing tests have been increased
as compared to the number of best performing tests for time series level 10 and 25. Also,

the number of mediocre tests also decreased as the time series increases from 10 to 50.

Moving to time dimension 100 for cross section unit 32, F igure 6.5 further reveals that OS
test has classified as best performing test corresponding to its MSC among BNG, BU, CH,
DH, DWH, IPS, CIPS, LLC, LW, MP, MW, RMA, CHO, WL, WT, and CIPS _star best
performing tests for the previous sample size 50. Among these seventeen best performing
tests, majority of the tests have gained maximum power and have attained MSC equal to
almost zero. Moreover, PS test has categorized as worst performing test with respect to its

MSC of 62% at sample size 100.
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Generally, analysis of all PUR tests from Figure 6.1 to Figure 6.5 and Table 6.1 to Table
6.3 have concluded the effect of time series on the power of PUR tests for different cross
section units. Only, DWH, IPS, and LLC tests are ordered as best performing tests
according to their MSC from small time series unit (i.e. T=10) to large time series level
(i.e. T=100) when test equation and DGP has drift term only. Also, WT test has also shown
such performance but at small time and cross section level (T=10 and N=2) this test has
not achieved high power as compared to DWH and IPS tests. However, as the sample
increase from smallest to largest the number of best performing tests also increases
corresponding to each cross section unit. At the last sample size, the number of best
performing tests reaches to seventeen at high level of cross section unit (i.e. 32). However,
only PS test has not showed any improvement and has categorized as worst performing test

at each time series level corresponding to all cross section units.
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Table 6.3: MSC for Null Hypothesis of Unit Root in the Presence of Intercept Case,

at N=32
N=32
Test/TL 10 25 50 100
BNG 40.72% | 9.86%* | 5.2%* | 4.0%*
BU 68.18 | 16.64* | 5.68** | 2.4**
CH 11.18% | 6.8** | 4.01** | 4.17**
DH 32.88* | T.** | 6.4%*% | 4.5%*
DWH 32%* 1 1.1%* [ 0.81** | 0.87**
IPS 3.06%* | 2.01*%* | 1.66%* | 0.88**
CIPS 49.96% | 13.02* | 5.71** | 4.01**
LLC 12% | 5.8%* | 1.96%* | 1.45**
LW 23.85*% | 19.28% | 7.9** | 3.6%*
MP 41.66* | 15.58% | 1.54%* | 1.3%*
MW 14.66* | 9.5%* | 2.05%* | 2.01**
PS 75.16 | 68.78 | 67.88| 62.86
RMA 40.5% | 19.42% | 9.42%* | 6.6%*
CHO 29.84* | T.1*¥ | 4.12%* | 3.25%*
WL 33.92*% | 6.6%* | S5.7%* | 4.15%*
WwT THEX | 4.9%% | 2. 4%x ) 5%
CIPS _star 42.38* [ 23.13% { 8.63** | 6.2%*
oS 58.04* | 48.08* | 17.78* | 5.06**

Note: “**” and “*” indicate Best and Mediocre Tests, respectively.
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6.3.2. Effect of Time Series on Maximum Shortcomings Evaluation of the

Tests having the Null Hypothesis of Unit Root (Intercept and Trend Case)
This section analyzes the power performance of PUR tests having the null hypothesis of

unit root when specification of drift and trend terms of PUR test equation matches with

DGP.

In the presence of both of the deterministic terms in the data generating process for fixed
cross section unit, that is, N=2, 4, 8, 16, and 32 for varying time series dimensions T=10,
25, 50, and 100 corresponding to each cress section unit, Figures 6.6 to Figures 6.1 shows
a decreasing pattern for almost all tests having the null hypothesis of unit root. In each

graph, x-axis and y-axis represent time series and MSC for different cross sections.

Figure 6.6: MSC Assessments of Tests having Null Hypothesis of PUR with Intercept

and Trend, N=2
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At N=2, Figure 6.6 and Table 6.4 (Panel A) show a declining pattern (convergence
behavior) for almost all of the tests as the sample size varies from smaller to larger. At a
small sample size T=10, Figure 6.6 reveals that all tests are worst performing having MSC
greater than 50%, excluding DWH test which has MSC 29% and stands the only mediocre
test among all worst performing tests. In other words, at T=10, no single test is considered
to be best performing according to attained MSC. Increasing sample size from 10 to 25,
DWH test has MSC less than 10% and is the only best performing test for that sample size.
Moreover, at T=25, BU, DH, IPS, LLC, WL, and WT have categorized as mediocre tests
according to their MSC as compared to their performances for sample size 10. Figure 6.6
shows that at sample size 25 all other tests (i.e. BNG, CH, CIPS, LW, MP, MW, PS. RMA,
CHO, CIPS_star, and OS) are worst performing as there is much gap between power curve

and power envelope points.

At larger sample size of 50 for N=2, BU, DH, IPS, LLC, MW, and WL tests have classified
into best performing tests beside DWH test. Among these best performing tests, MW test
has maintained a high power and ranked as best performing test as compared to its status
as worst performing test for the last two sample sizes (i.e. T=10 and T=25). While, BNG,
CHO and OS tests are categorized as mediocre tests as compared to their MSC performance
at sample size 10 and 25. However, with the same status for T=10 and T=25, CH, CIPS,
LW, MP, PS, RMA, and CIPS_star tests have ranked as worst performing tests for time
series level 50 as well. Among these worst performing tests for time series 50. CH. PS. and
RMA tests have shown very little amount of improvement in their powers that have been

observed for time series 23.
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At a much larger sample size of 100, Figure 6.6 demonstrates a much decreasing pattern
for almost all tests and ten (i.e. BNG, BU, DH, DWH, IPS, LLC, MW, CHO, W1 and
WT) of them are ranked as best performing tests. While, approximately zero MSC of DWH
and IPS tests show that both of these tests have almost equal power against power of point
optimal test at sample size 100. At this sample size CIPS, LW, MP, CIPS_star, and OS
tests have been considered as mediocre performing tests with respect to their MSC which
have been ordered as worst performing tests for the previous sample sizes. While, CH, PS,
and RMA have classified as worst performing tests with respect to their MSC at time series
levet 100. However among these worst performing tests, PS test shows no pattern of MSC
and retains a constant pattern for all sample sizes (i.e. T=10, 25, 50, 100) indicating its
worst performing behavior. Overall, Figure 6.6 indicates a convergence behavior according

to MSC as the time series level moves from small to large.

Figure 6.7: MSC Assessments of Tests having Null Hypothesis of PUR with Intercept

and Trend, N=4
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Figure 6.7 shows a convergence pattern for almost all tests as the sample sizes increases
from 10 to 100 excluding PS test when N=4. This declining pattern is also mentioned in
Table 6.4 (Panel B) corresponding to each sample size. In the given figure, DWH is
showing a 23% MSC, which is the only one mediocre test at sample size 10. All other
seventeen tests (i.e. BNG, BU, CH, DH, IPS, CIPS, LLC, LW, MP, MW, PS, RMA, CHO,
WL, WT. CIPS_star, and OS) are worst performing tests with respect to their MSC for
time series 10. However, the MSC of DWH test is less as compared to the MSC of this test
at T=10 and N=2. Similarly, all other tests have the same situations for N=2 and T=10,

even though all of them are worst performing tests.

Figure 6.7 also indicates that corresponding to sample size 25 for N=4, DWH, IPS, and
LLC tests have MSC less than 10% and have classified as best performing tests. Here, 1PS
and LLC tests have remarkably gained a good power and ranked as best performing tests
from the previously assigned worst performing tests for sample size 10. While, BU, DH,
MW, CHO, WL, and WT tests are ordered as mediocre tests corresponding to their MSC,
However, according to benchmark assigned for the worst performer tests, BNG, CH, CIPS,
LW, MP, PS, RMA, CIPS_star, and OS tests get not less than 50% MSC and classified as
worst performing tests. Moreover, at T=25 and N=2, only DWH test was categorized as
best performing test while at the same time series level but N=4, the number of best

performing tests increases to three (i.e. DWH, IPS, and LLC).

An analysis of Figure 6.7 for time series 50 corresponding to N=4 and Table 6.4 (Panel B)
shows a further improvement in the performance of tests for all categories of tests. MW,
CHO, and WL tests display a maximum shortcoming less than 10% alongside best

performer tests (i.e. DWH, IPS, and LLC) for the previous sample sizes. While, BNG, BU,
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DH, LW, MP, CIPS star, and OS tests have managed a decreased MSC of 20%, 12%,
11%, 48.9%, 48.7%, 47% and 42% at sample size 50 respectively as compared to their
MSC for previous sample sizes and have ordered as mediocre test. However, CH, CIPS,
PS, and RMA tests have graded as worst performing tests according to their assigned MSC

for sample size 50.

At a much higher sample size of 100, Figure 6.7 reveals that BNG, BU, DH, and WT tests
induce themselves in the best performer tests category with a MSC of 6%, 7%, 5%, 5.6%
respectively among all other best performer tests (i.e. DWH, IPS, LLC, MW, CHO, and
WL} for the previous sample size 50. Two tests have further make their place in the
mediocre tests category. These tests are CH and CIPS tests along with LW, MP, CIPS _star,
and OS tests in the mediocre tests category. Moreover, PS and RMA tests are observed to
be the worst performing tests for sample size 100. Although, RMA test shows a slight
increasing pattern at sample size 100 as compared to its performance last three time series
levels but PS’ test shows a very little improvement as the time series progress. Overall,
Figure 6.7 and Table 6.4 (Panel B) determine that majority of the tests are either ranked
into worst or mediocre tests at small sample size, however, as the sample size increases
from small to large then almost of these PUR tests are categorized into best performing
tests with respect to their attained MSC. While, only two tests (i.e. PS, and RMA) are
ordered as worst performing tests for all sample sizes with respect to their MSC at N=4.
Also, the performance of all tests at each level of time series for number of cross section 4

are more better as compared to N=2,
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Table 6.4: MSC for Null Hypothesis of Unit Root in the presence of Intercept and

Trend Case, at N=2 and N=4

Panel A: N=2 Panel B: N=4
Test/TL 10 25 50 100 10 25 50 100
BNG 713 | 66.94 | 20.96* | 10.01** | 68.92 64.7 | 20.2% | 6.88**
BU 84.16 | 22.18* | 10.06%* | 7.44** | 81,38 | 13.58% | 12.01* | 7.07**
CH 78.64 1 77.48 73.26 59.06 | 64.78 | 63.42| 61.18| 29.81*
DH 71.72 | 27.16% | 9.16** 6.9%*% | 67.82117.96% § 11.01* | 5.9%*
DWH 29.46% | 9.28** | 5.02** | 0.02%* | 23.82*% | 9.06** | 4.74** | 4.0]1**
IPS 74.82 | 20.18* 5.9%* L1*¥* | 63,12 | 9.81%* | S5.41%* | 512%*
CIPS 87.54 | 77.96 5432 41.26% | 86.46 77.6 | 51.36 | 24.94*
LLC 77.8 | 12.82% | 8.02** | 5.01** | 7528 |10.42* | 7.02%* | 5.01**
LW 82.22 71.4 60.68 | 41.08* | 78.52; 71.09|48.98* | 27.08*
MP 81.96 | 80.98 56.84 1 18.44% | 8092, 70.78; 48.7* | 34.6*
MW 81.24 61.4| 8.64** 6.7%* | 81.06 | 23.74% | 7.09** | 5.21**
PS 86.03 | 84.62 82.38 81.77| 83.72| 81.42 80.9| 78.18
RMA 93.89 91.9 86.46 6546 | 9387 | 90.18| 77.76 | 61.26
CHO 76.28 74.6 1 11.3%* | 258**| 73.74 50.7 | 7.88** | 2.3%*
WL 79.64 | 22.44* 7.1%* S5.5%% | 52,66 1 21.02* { 7.06%* | 5.9**
wWT 6134 | 21.6*| 15.16%| B.86** | 56.16 | 13.56% | 11.9*% | 5.63*%
CIPS_star | 87.61| 78.19| 6198 47.2*% | B5.88| 74.53 | 47.91* | 22.13*
0S 50.98 854 49.46* | 43.08* ] 8834 | 85.08|42.28* |37.06*

Note: “**” and “*” indicate Best and Mediocre Tests, respectively.
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Figure 6.8: MSC Assessments of Tests having Null Hypothesis of PUR with Intercept

and Trend, N=8
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At N=8 for different time series, Figure 6.8 and Table 6.5 (Panel A) categorize best,
mediocre and worst performer tests according to their MSC. At sample size 10, no single
test 1s categorized as best performing test while only DWH and WL tests fulfill the criteria
of mediocre test at that sample size. Moreover, all other tests (i.e. BNG, BU, CH, DH, IPS,
CIPS, LLC, LW, MP, MW, PS, RMA, CHO, WT, CIPS_star, and OS) have ranked into
worst performing tests at sample size 10. While, the number of mediocre tests has increased

to two at N=8 and T=10 as compared to N=4 and T=10.

Increasing time series 10 to 25, Figure 6.8 reveals that DWH, IPS, LLC, WL, and WT tests
are best performing tests according to their MSC. Among these best performer tests, IPS,
LLC, WL, and WT tests have obtained higher power thus attaining a lower MSC for T=25

as compared to their performances at T=10. Also, BU, DH, IPS, LLC. MW, CHO, WL,
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and WT tests improve their positions very fast from worst at T=10 to best performer at
T=25. In the mediocre tests category for T=25, five tests (i.e. BNG, BU, DH, MW, and
CHO) have fulfilled their criteria as compared to their worst performances for sample size
10. However, eight tests (i.e. CH, CIPS, LW, MP, PS, RMA, CIPS star, and OS) are not
able to get good position at sample size 25 and have ranked as worst performing tests with
the same status that have been received for sample size 10. Moreover, all eighteen test have
improved their MSC for N=8 and T=25 as compared to their behavior of MSC for N=4 and

T=235,

Furthermore, Figure 6.8 shows that BNG, MW, and CHO tests have obtained MSC less
than 10% and counted in the best performer test category for sample size 50 along with
DWH, IPS, LLC, WL, and WT tests at sample size 25. At the same time series level, CH,
CIPS, LW, MP, CIPS star, and OS tests fulfill mediocre test criteria with 13%, 43.8%,
45%, 43%, 43.8%, and 30% MSC, respectively, besides BU and DH tests. While, only two
tests (i.e. PS and RMA) have not achieved their positions at T=50 and have classified as
worst performing tests. Overall, results indicate an over improvement of PUR tests at N=8
and time series dimension of 50 as compared to results of N=4 for the same level of time

series.

At a larger sample size 100, Figure 6.8 and Table 6.5 (Panel A) demonstrate that BU, CH,
and DH tests are ranked as best performer tests besides other eight tests (i.e. BNG, DWH,
IPS, LLC, MW, WL, CHO, and WT) for the previous sample sizes. Moreover, the number
of mediocre tests decreases as the sample size increases from 50 to 100. At time series
dimensions 50 and 100, CIPS, LW, MP, CIPS star, and OS tests have graded as mediocre

tests. While, only RMA test is ranked as mediocre at T=100 which is worst performing test
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at T=50. Analysis of Figure 6.8 further shows that PS test has remained with the same
status as this test has ranked as worst performing test for previous sample sizes (i.e. 10, 25,

and 50).

Inclusively, Figure 6.8 and Table 6.5 (Panel A) indicate that at small time series level none
of the tests performs well from best performer tests point of view but as the sample size
increases from medium to large then the number of best performing tests also increases
and at last sample size the number of best performing tests becomes eleven. Also, as the
time series level moves from 10 to 100 then the number of worst performing tests become
decreasing in numbers. Lastly, it is also observed that only one test (i.e. PS) remains in the
worst performer test category at small, medium and large time series dimensions. Also. the
performance of PUR tests have been improved and more tests have categorized as best
performer tests at N=8 with all time series levels as compared to the results of N=4 with

varying time series level.

Figure 6.9: MSC Assessments of Tests having Null Hypothesis of PUR with Intercept

and Trend, N=16
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Figure 6.9 and Table 6.5 (Panel B) describe the declining phenomena for N=16 with
varying time series levels, Starting from small time series 10, Figure 6.9 shows that no
single test lies in the best performing test category while at the same time series level DWH,
IPS, LW, CHO, WL, and WT tests have been categorized as mediocre tests. Moreover,
twelve tests (i.e. BNG, BU, CH, DH, CIPS, LLC, MP, MW, PS, RMA, CIPS_star, and OS)
classify into worst performing tests with respect to their MSC at time series dimension 10.
But, with an increase time series level from 10 to 25, it is observed that nine tests are
declared as best performing tests according to their attained MSC. These tests are BU, DH,
DWH, IPS, CIPS, LLC, MW, CHO, WL, and WT with MSC 9.92%, 8.4%, 2.02%. 7.51%,
7.6%, 9.6%, 9.9%, 7.9%, and 6.3%, respectively. At the same time series level, BNG,
CIPS, LW, and CIPS_star are assigned as mediocre tests. Moreover, six tests (i.c. CH, MP,
PS, RMA, and OS) of the remaining tests have graded into worst performing tests with

respect to their assigned MSC.

Further, increasing time dimension to 50 for N=16, Figure 6.9 demonstrates that besides
BU, DH, DWH, IPS, LLC, MW, CHO, WL, and WT tests; BNG, CH. LW, and CIPS star
tests have also ordered into best performing tests with respect to their MSC. However,
CIPS, MP, and OS tests have ranked into mediocre test while PS and RMA tests with no
improvement in their positions are classified as worst performing tests at sample size 50.
At the same time series level but cross section unit 16, the number of best performing tests
are ranked as thirteen tests while at the same time series level with N=8 the number of best

performing tests were eight.

When the time series dimension reaches to 100 corresponding to number of cross sections

16, then Figure 6.9 displays very similar results as we have observed for time series 50. At

135



T=100, the number of best performing tests becomes fificen (i.e. BNG, BU, CH, DH,
DWH, IPS, CIPS, LLC, LW, MP, MW, CHO, WL, WT, and CIPS_star) corresponding to
their attained MSC. Moreover, there are two tests (i.e. RMA and OS) which fulfill
mediocte tests criteria with 47% and 21% MSC respectively but only PS test with respect

to its MSC graded into worst performing test at T=100.

Overall results of Figure 6.9 shows that at small time (T=10) series dimension no test has
ordered into best performer tests category, however as the time series level increases from
10 to 25, 50, and 100 then the number of best performing test become nine, twelve, and
fifteen, respectively. Also, Figure 6.9 demonstrates that the number of mediocre and worst
performing decreases as the sample size increases. We have noticed that PS test is the only
worst performing test at all sample sizes. Finally, RMA and OS tests have maintained good
pattern and has ranked as mediocre test at time dimension 100, while for time series 10,
25, and 50, RMA test is categorized as worst performing test. Generally, Figure 6.9
demonstrates an improvement of power of all PUR tests for each time series level when
number of cross sections are 16 over the number of cross sections 2. 4. and 8 with small to
large time series dimensions. At each cross section level and with increasing time series
level, the number of best performing tests increases while the number of worst performing
tests decreases and at last reaches to one or two tests. This shows a great gain in power of

PUR tests as the number of cross section and time series unit increase.
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Table 6.5: MSC for Null Hypothesis of Unit Root in the presence of Intercept and

Trend Case, at N=8 and N=16

Panel A: N=8 Panel B: N=16
Test/TL 10 25 50 100 10 25 50 100
BNG 63.98 24% | 9.6%* | 5.01%% | 53.76 | 12.82% | 6.7** | 4.97**
BU 80.06 | 12.98* | 11.08* | 6.67** | 77.74 | 9.92%* | 8.89%* | 6.2]1**
CH 60.82 60.06 | 13.52* | 10.01** 581 5698 | 9.52%% | 7.55%*
DH 66.64 | 1598* | 11.01* 5.5%% | 60.38 | 8.44** | 8.17** | 6.01**

DWH 19.86% | 3.18** | 1.81** | 0.07** | 16.6% | 2.02*%* | 1.86*%* | 0.06**

IPS 61.22 T.7¥% | 5.09%* 3.5%% | 26.64% | 7.51%% | 4.42%% | 2.09%*
CIPS 85.96 72.88 | 43.78*% | 18.42*% | 67.62 | 39.74* | 16.02* | 9.88**
LLC 70.7 | 8.00%* | 5.05%*% | 2.88%* | 64.24 | 7.6%* | 4.22%* | 1.21**
LW 75.64 70.02 | 45.58* | 20.06% | 33.56* | 19.2*% | T.9*%* 1 50%*
MP 78.2 66.46 | 43.18* | 26.86* | 70.74 | 65.46 |32.94% | 4.4**
MW 79.9 14.1* | 6.6%* | 3.83%* 65.1 | 9.61%* | 6.22%* | 2.48**
PS 80.64 79.88 | 79.09 75.64 789 | 76.02| 74.06| 7324
RMA 89.56 8141 7538 50.12 | 87.64 | 7422 | 60.26|47.04*
CHO 69.7 19.3*% | 6.16%* | 2.02** | 48.66% | 9.92** | 6.02** | 2.0]1**
WL 47.96% | 10.02** | 6.6** 3.5%% 1 43.06% | 7.9%% | 5.7%FF 1 223%*
wWT 503 | 8.06** | 5.05** 2.1%% | 47.7% | 6.33%% | 4.45%% | 1.92%*

CIPS_star | 83.42 72.66 { 43.83*% | 20.02* | 70.78 | 13.98*% | 10.2* | 4.5%*

OS 87.5 82.49 | 30.02*% | 20.08* | 74.06 | 62.01 | 30.46* | 21.72*

Note: ***” and “*” indicate Best and Mediocre Tests, respectively.
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Figure 6.10: MSC Assessments of Tests having Null Hypothesis of PUR with Intercept

and Trend, N=32
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At a very last cross section unit 32 Figure 6.10 demonstrates a very similar picture as
previously demonstrated for cross section unit 2, 4, 8 and 16 All the PUR tests have
convergence behavior as the time series varies from small to large. Table 6.6 exhibits that
as sampie size varies from small time series level 10 to highest time series level 100 the
number of best performer tests increases and decreasing count of worst performer tests
have observed. It is observed that when sample size is 10 then only three tests (i.e. DWH,
IPS, and LW) are considered to be the best performing tests according to given criteria. In
these three best tests, DWH test has the least MSC as compared to MSC of IPS and LW
tests. At the same level of time series, BNG, MW, CHO, WL, and WT tests with respect
to their MSC are categorized as mediocre tests. However, ten tests (i.e. BU, CH, DH, CIPS,

LLC, MP, PS, RMA, CIPS star, and OS) have been ranked as worst performing tests
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according to their attained MSC for time series level 10. At the same time series level but
with different cross section units, it is observed that number of best and mediocre performer

tests are more when N=32.

As the sample size increases from 10 to 25 the number of best performer tests increases,
besides the other three best performer tests for sample size 10. BNG, BU, DH, CIPS, LLC,
MW, CHO, WL, WT, and CIPS star tests are also graded into best performing test
category at time series level 25. Surprisingly, BU, DH, CIPS, LLC, and CIPS star have
attained higher power and have ordered as best performing tests from worst performing at
time series 25. At the same time series level, only two tests (i.e. CH and MP) corresponding
to their MSC are assigned as mediocre tests. However, PS, RMA, and OS tests have earned
the same status according to their MSC, as have been defined for sample size 10, with little

improvement in their powers.

For time series 50 and 100 the number of best performer tests getting larger and larger. CH
and OS tests have MSC less than 10% and so the number of best performer tests become
fifteen (BNG, BU, CH, DH, DWH, IPS, CIPS, LLC, LW, MW, CHO, WL, WT, CIPS _star,
and O8) at T=50 as compared to number of best performer tests for previous time series
levels. Figure 6.10 shows that only MP test has sustained its position in mediocre test

category while PS and RMA tests remain the worst performing tests for sample size 50.

At sample size 100, MP test has MSC less than 10% and the number of best performer tests
become sixteen (BNG, BU, CH, DH, DWH, IPS, CIPS, LLC, MP, MW, CHO, WL, WT,
LW, CIPS star, and OS). Similarly, Figure 6.10 and Table 6.6 also indicate very similar
decreasing phenomena for mediocre tests as have been observed for other cross section

dimensions. Figure 6.10 also indicates that RMA and PS tests have been classified as
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mediocre and worst performing tests with 20% and 71% MSC, respectively. It is observed
that RMA test has gained a good power at large time series unit as compared to its position

for small and medium time dimensions.

Figure 6.10 and Table 6.6 summarize that as the time dimension increases from smallest
1o largest then the number of best performing tests also increases while the number of
mediocre and worst performing tests decreases. First, at T=10 the number of best
performing tests are three but as the time series level increases to 25, 50, and 100 then
number of best tests become as thirteen, fifteen, and sixteen, respectively. Second, at last
sample size (i.e. T=100), fourteen tests have gained an ultimate power of 100% which
indicates that high cross section unit and time series dimension effect the power of PUR
tests. However, PS test is having worst performance whether time dimension is small,
medium or large while RMA has managed its position from worst to mediocre as the time

dimension reaches to 100,

Generally, Figure 6.6 to Figure 6.10 indicate a convergence pattern for almost all tests
excluding PS test with almost constant pattern of its MSC as the time dimensions moves
from smallest to largest level corresponding to each cross section unit when data are
generated both with drift and trend terms. The least number of MSC at each higher

combination of time series and cross section units indicate a higher power of PUR tests.
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Trend case, at N=32

Table 6.6: MSC for Null Hypothesis of Unit Root in the presence of Intercept and

Test/TL 10 25 50 100
BNG 42.48% | 9.84** | 6.00%* | 4.6**
BU 75.26 | 7.02%* | 6.6*%* | 4.1**
CH 52.26 | 21.02*% | 7.7%* | 4.69%*
DH 53.34 | 7.95%* | 6.02%* | 4.5%*
DWH 6.82%* | 1.91** | 1.58%* | 0.03**
IPS 7.08%* | 6.9%* | 3.4**% | 1.99**
CIPS 61.88 | 8.02%* | 7.03*%* | 6.81**
LLC 60.34 | 7.18%* | 3.85%* | 1.3%*
LW 8.38** | 7.55%% | 3.9%* | D Qg%+
MP 63.24 | 38.92* | 12.86% | 4.16**
MW 45.82*% | 7.38** | 438%% | 2.4%*
PS 77.58 | 7344 | 7228 | 71.72
RMA 84,521 7049 | 60.02 ;20.08*%
CHO 45.94% | T.51%% | 4.7%% | 1.99%*
WL 22.74% | 5.55%% | 3.31** | |.7**
WT 44.24% | 4.6%* | 3.01** | 1.06**
CIPS _star 64.5 [ 9.81** | 6.07%* | 4.46%*
oS 68.92 | 60.02 | 10.12% | 7.86**

Note: “**” and “*" indicate Best and Mediocre Tests, respectively.
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6.3.3. Effect of Time Series on Maximum Shortcomings Evaluation of the

Tests having the Null Hypothesis of Stationary (Intercept Case)

This part of the study discusses the simulation based performance of PUR tests having the
null hypothesis of stationarity. The power analysis based on MSC are mentioned from
Figure 6.11 to Figure 6.15 for HD, HL, HLM_ KK, SS, and DHT and when data are
generated with drift term only. A Monte Carlo Simulation size of 10,000 is carried out for
all given tests for the fixed number of cross sections 2, 4, 8, 16, and 32 with the varying
time series levels of 10, 25, 50, and 100. In each figure x-axis and y-axis show time series
size and MSC, respectively. Graphical MSC is also mentioned in Table 6.7 to Table 6.9
for different level of cross section and time series levels when data are generated with only
deterministic term of intercept. Figure 6.11 to Figure 6.15 and Table 6.7 to Table 6.9
indicate a poor performance of majority of the PUR tests having the null hypothesis of
panel stationary when test equation and DGP have drift term only which justify the bad

performance of PUR tests having the null hypothesis in the existing literature.

Figure 6.11: MSC Assessments of Tests having Null Hypothesis of Stationarity with

Intercept, N=2
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Figure 6.11 and Table 6.7 (Panel A) display results of different time series level (T=10, 25,
50, and 100) for cross section unit 2. Only two tests (HD and HL) have convergence pattern
of their MSC when sample size varies from 10 to 100. At T=10, all tests have MSC under
21% but as the time series level increases four of the six tests show a divergence behavior
excluding HD and HL tests. The reason of least MSC for four (HLM, KK, SS, and DHT)
of the tests at N=2 and T=10 as compared to other time series level is because of their very
close power pattern behavior with point optimal test (see Table A.1 (Panel A) in Appendix-
A). However, as the time series level increases the power of point optimal test increasing

fast as compared to power of stationarity tests resulting a huge a gap between them.

At all sample sizes, only HD and HL tests with highest MSC of 9.89% and 10% at sample
size 10, and lowest MSC of 5.62% and 6.46% at sample size 100 have ranked as best
performer tests as the time dimension varies from 10 to 100. Also, both of these tests have
lowest MSC at each level of time series level as compared to other tests which indicates a
very close power pattern of these two tests to the power of point optimal test. Moreover,
HD test has lower MSC at each level of time series as compared to its best category
counterpart (i.e. HL test) thus indicating its good performance in the best performer
category. While, all other four tests according to their MSC are assigned as mediocre tests
as the time series level moves from small (10) to large (100) with approximately constant
divergence behavior. Figure 6.11 indicates HLM test with highest MSC over other five
tests at time series 25, 50, and 100 showing bad performance of this test. Moreover, KK,
SS, and DHT tests with very close pattern of their MSC with each other are also not far

away from the pattern of HLLM test as the sample size varies.
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Table 6.7: MSC for the Null Hypothesis of Stationarity in the presence of Intercept,

N=2 and N=4
Panel A: N=2 Panel B: N=4
Tests/TIL. 10 25 50 100 10 25 50 100
HD 9.86%* | 9.28%* | 6.02%* | 562%% | 23 58*% | 23.44* | 19.72* | 14.84*
HL LO** | 9.0%* | 836%* | 6.46%* | 25.44% | 24 56% | 23.02* | 20.58*
HIM 11.72% | 28.42% | 30.51* | 30.52* 36% | 47.54% | 47.96* | 47.99*
KK 10.3*% | 24.72% | 25.06% | 25.66* | 26.12*% | 25.68* | 25.16* | 25.94*
SS 16.32% | 26.4* | 27.38% | 27.56* | 26.17* | 26.32% | 27.26* | 27 46*
DHT 20.24% | 26.75*% | 26.82*% | 27.5% | 41.46*% | 42.08% | 42.26* | 42 83*

Note: “**” and “*” indicate Best and Mediocre Tests, respectively.

Figure 6.12: MSC Assessments of Tests having Null Hypothesis of Stationarity with

Intercept, N=4
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At N=4 with different time series level Figure 6.12 and Table 6.7 (Panel B) demonstrate a
very different behavior as compared to N=2 showing a remarkable power gain of point
optimal test as compared to power of stationarity tests. This indicates a high MSC at each
level of time series at N=4 as compared to the results of N=2, All tests have very similar
pattern of their MSC as have been observed at N=2 as the time series level goes from 10
to 100. Again, HD and HL tests with respect to their convergence pattern of MSC have
stood as better performer tests among all mediocre performer tests. Moreover, HD test with
lowest MSC of 23.6%, 23.4%, 19.7%, and 14.8% as compared to MSC of 25.4%, 24.6%,
23%, and 20.6% of HL test over time dimension 10, 25, 50, and 100 respectively is

considered as better in the mediocre category.

However, KK and S8 tests with constant pattern over time dimension with MSC fluctuation
in between 25% and 28% are categorized as mediocre tests beside with HLM and DHT
tests with their power curve having large distance from power envelope of point optimal
test. Also, HLM, SS, and DHT tests have divergence pattern as the time dimension
increases from 10 to 100. Overall, no test have ordered as best or worst performer test
according to assigned MSC at each level of time series level. Also, at very large time
dimension, power of HD and HL tests will eventually become equal to power of point

optimal test thus will have MSC equal to zero.

145



Figure 6.13: MSC Assessments of Tests having Null Hypothesis of Stationarity with

Intercept, N=8
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Further, as the number of cross section increases from 4 to 8 a similar picture has been
shown in Figure 6.13 and Table 6.8 (Panel A) as has been inspected at N=4 over time series
10, 25, 50, and 100 when data are generated with drift term only. Here, HD test with MSC
19.84%, 19.78%, 16.46%, and 14.38% for time series level 10, 25, 50, and 100 Tespectively
are categorized as better performing tests in the mediocre tests category as compared to all
other mediocre tests. This is observed from Figure 6.13 as HD test has lowest graph

representation of MSC at each time series level with convergence pattern.

Similarly, HL test has the same phenomenon with MSC 19.84%, 19.82%, 17.82%, and
16.74% for time series dimension 10, 25, 50, and 100 respectively but it has more MSC at
each level of time series as compared to HD test and ranked as the second better mediocre
performing test among the five mediocre tests with convergence behavior. However, KK

and SS tests with approximately same constant divergence pattern are graded as third and
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fourth number of mediocre tests having MSC of 24.42%, 24.38%, 25.94%, and 26.02%:
and 25.44%, 26.75%, 27.24%, and 27.68% respectively over time series length 10, 25, 50,
and 100. While, DHT test with MSC of 42.54%, 42.56%, 42.94%, and 43.34% at time
dimension 10, 25, 50, and 100 are ranked as fifth mediocre test among all other mediocre
tests. Lastly, HLM test with divergence pattern and highest MSC at each time series level
1s ordered as the last mediocre test. Also, the MSC of HD and HL tests at N=8 are less at
each time series level as compared to N=2 while all other stationarity tests have the same
performance for both type of cross section levels. Generally. according to Figure 6.13. HD
and HL tests are ranked as better performing mediocre tests among all mediocre tests with
the convergence graph as the sample size varies from small to large. Also, both of these
tests will eventually get zero MSC at very high cross section and time series level.

Moreover, none of the tests have fulfilled best performer test criteria.

Table 6.8: MSC for the Null Hypothesis of Stationarity in the presence of Intercept,

N=8 and N=16
Panel A: N=8 Panel B: N=16

Tests/TL 10 25 50 100 10 25 50 100
HD 19.84* 1 19.78* | 16.46% | 14.38* | 18.74% | 18.5% | 14.94% | 13.54*
HL 19.84* | 19.82*% | 17.82*% | 16.74* | 19.28* ! 18.93* | 16.56* | 15.86*
HLM 36.04% | 45.88* | 46.57* | 47.03* | 36.6* | 45.74*% | 46.76% | 47.8*
KK 24.42% | 24.38% | 25.94* | 26.02% | 22.54*% | 23.18* | 24.16% | 25.78*
SS 25.44% | 26.75* | 27.24% | 27.68* | 24.63* | 24.86* | 25.22*% | 26.08*
DHT 42.54% | 42.56% | 42.94* | 43.34* | 42.52% | 42.9% | 42.98* 43%

Note: “*” indicates Mediocre Test,
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Figure 6.14 demonstrates the behavior of all six stationarity tests when the numbers of
cross sections are 16 with varying time series level 10, 25, 50, and 100. Almost all tests
have the same type of behavior but with little improvement in their power as the number
of cross section units move from 8 to 16. At time series level 10, 25, 50, and 100, HD test
with MSC 18.7%, 18.5%, 14.9%, and 13.5% respectively and convergence pattern is
labeled as better performer mediocre test in the class of mediocre tests. Also, HL test with
MSC 19.3%, 18.9%, 16.6%, and 15.9% at time series level 10. 25, 50, and 100 respectively
and convergence behavior is ranked as second better performing mediocre test among
mediocre tests. Moreover, the MSC of both of these tests are less at N=16 as compared to
their MSC at N=8 with convergence picture, these results can also be observed from Table

6.8 (Panel A) and (Panel B).

Figure 6.14: MSC Assessments of Tests having Null Hypothesis of Stationarity with

Intercept, N=16
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However, HLM test with divergence behavior of MSC of 36.6%, 45.7%, 46.8%, and 47 8%
at time series level 10, 25, 50, and 100 respectively is ranked as bad performing test among
mediocre tests. This result is very similar to N=8 for HLM test at each time series level
indicating its worst performance. While, KK and SS tests with a little improvement in their
MSC pattern as compared to previous cross section unit of 8 are stood as third and fourth
mediocre tests with divergence behavior. While, DHT test with approximately constant
divergence behavior over time series 10, 25, 50, and 100 is the second bad performing test
beside HLM test in the category of mediocre tests. The MSC of both of these tests
fluctuates in between 40% to 48% as the time series level increases from 10 to 100, except
MSC of 36% of HLM test at T=10. These results for N=16 indicates HD and HL tests as
the better performing tests in the category of mediocre tests according to their assigned
convergent MSC and are preferred to apply at each time series level as compared to other
mediocre tests. Also, at very large time series and cross section level both of these tests

will have thetr power curve equal to power envelope.

Figure 6.15: MSC Assessments of Tests having Null Hypothesis of Stationarity with

Intercept, N=32
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Increasing number of cross section to last number of cross section 32, Figure 6.15 and
Table 6.9 analyze the performance of all six tests with varying time series level when data
generating process and test equation both have drift term only. Again, all of the stationarity
tests have MSC under 50% but over 10% for almost all tests indicating that these tests are
categorized as mediocre tests. In other words, no test is assigned as worst performing test
and also all the tests have not taken the position of best performing tests excluding only

HD test with MSC of 9% at T=10.

At N=32, HD test over varying time series level of 10, 25, 50, and 100 corresponding to
MSC 16.52%, 15.72%, 13.2%, and 9.82% is classified as better performing test among all
mediocre class tests. However, at time series 100, HD test with its convergence pattern is
ranked as best performing test having MSC 9% showing that at large time series and cross
section level this test will achieve its power curve equal to power envelop of point optimal
test. Further, HL test has with convergence pattern of its MSC of 18.48%, 17.94%, 15.86%,
and 13.74% over time series level of 10, 25, 50, and 100 respectively is categorized as
second better performing test among mediocre tests category apart HD test. However, HL
test is not labeled in best performing test at large sample size of 100 as does HD test but at
very large time series level this test will have higher power thus will be included in best

performing category.

Moreover, HLLM test with MSC of 39.44%, 40.14%, 42.76%. and 43.56% at time series
level of 10, 25, 50, and 100 respectively is ranked as the bad performing test among
mediocre tests category. This result indicates a constant behavior of HLM test at each level
of cross section unit whether this cross section unit is small, medium or large. Similarly,

DHT test is also categorized as bad performer test among mediocre tests class with MSC
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42.06%, 42.52%, 42.62%, and 42.73% over time series level of 10, 25, 50, and 100
respectively. Moreover, DHT test shows a very similar constant behavioral picture that has

been analyzed for HLM test.

Finally, KK test with little improvement in their MSC, which fluctuates in between 20%
to 22%, is categorized as third mediocre test. Similarly, SS test with divergence pattern of
its MSC is also remained in the mediocre tests class like its performance for the previous

Cross section units.

Table 6.9: MSC for the Null Hypothesis of Stationarity in the presence of Intercept,

N=32
Tests/TL 10 25 50 100
HD 16.52* 15.72* 13.2% | 9.82%+
HL 18.48% 17.94* 15.86% 13.74*
HLM 30.44* 40.14* 42.76* 43.56*
KK 21.66* 21.54*% | 20.08* | 22.68*
SS 23.64* 24.3* 26.95* 27.58*
DHT 42.06* 42.52* 42.62* 42.73*

Note: *“**” and **” indicate Best and Mediocre Tests, respectively.

Overall, this analysis for N=32 indicates a very similar picture that has been analyzed for
previous cross section units. It is observed from Figure 6.11 to Figure 6.15 that all
stationarity tests lie in the class of mediocre tests majority of the time when data generating
process and test equation have drift term only, excluding the performance of HD and HL

tests at N=2. Also, HD and HL tests have maintained their convergence behavior and have
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ranked as better performing tests in the category of all mediocre tests. While, other four
(i.e. HL, KK, §S, and DHT) tests with divergence behavior remain in the same category,

that is, in mediocre tests.

6.3.4. Maximum Shortcomings Evaluation of the Tests having the Null

Hypothesis of Stationary (Intercept and Trend Case)

This section investigates the behavior of PUR tests having the null hypothesis of
stationarity when data are generated with intercept and trend using Monte Carlo simulation
size 10,000 with time series varying 10, 25, 50 and 100 for fixed cross section units of 2,
4,8, 16 and 32. The performance of all six tests and for all combination of time series and
Cross section unit are patriated from Figure 6.16 to Figure 6.20. In each figure, x-axis
displays sample sizes and y-axis shows MSC. Table 6.10 to Table 6.12 also points out
MSC performances of stationary tests for the varying time series level and fixed cross

section unit when test equations and DGP have both drift and trend terms.

Figure 6.16: MSC Assessments of Tests having Null Hypothesis of Statienarity with

Intercept and Trend, N=2
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In the presence of both deterministic terms Figure 6.16 and Table 6.10 (Panel A) show the
performance of all six tests as the sample size varies from 10 to 100 for a single cross
section unit 2 when data are generated with both of deterministic terms. At first sample
size T=10, all six (HD, HL., HLM, S8, KK, and DHT) tests are identified as mediocre with
respect to their MSC, however, as the time dimension increases only HD and HL tests
attain their positions in best performing tests while other tests remain in the mediocre tests

category corresponding to their MSC.

Figure 6.16 indicates HD test as the most stringent test as it has minimum value of the
MSC, that is, 10.24%, 9.96%, 7.84%, and 6.96% corresponding to sample size 10, 25, 50,
and 100 respectively as compared to MSC of all other stationarity tests at the same time
series level. It can be noted that at small time series level (T=10), HD test is classified as
mediocre test, however, at T=25, 50, and 100 it is ranked as best performer test with its
closer power curve to power envelope (see Table A.11 (Panel A and Panel B) in Appendix-
A}. While, HL test with its MSC 11.44%, 11.2%, 7.86%, and 7% at T=10, 25, 50, and 100
respectively is more near or approximately with same pattern to HD test is classified as
second better performing test in the mediocre tests category at time series level of 10 and
25. At T=50 and 100 this test is graded into best performing tests class where its MSC is

approximately equal to MSC of HD test.

However, HLM test with its MSC of 11.7% at small time series level is supposed to be
very close 1o best performing tests criteria, but as the time dimension increases to 25, 50,
and 100 it achieves corresponding MSC of 30.46%, 31.82%, and 31.24% respectively
showing its divergence behavior in the mediocre tests class. Moreover. a divergence pattern

has also been analyzed for KK, SS, and DHT tests as the time dimension increases from
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small to large. At T=10, all these three tests (KK, SS, and DHT) show a MSC of 11.78%,
12.29%, and 16.56% respectively and have the least values of MSC as compared to their

values for other time series levels.

According to MSC performance, DHT test is ranked as the third better performing test in
the mediocre tests class with MSC 16.56%, 18.725, 18.74%, and 19.18% for time series
level of 10, 25, 50, and 100 respectively. Further, KK test is ranked as the fourth better
performing test in the mediocre tests class. While, SS test is classified as the bad
performing test among mediocre tests category with increasing pattern of MSC of 12.29%,

34.6%, 35.54%, and 36.58%.

Table 6.10: MSC for the Null Hypothesis of Stationarity in the presence of Intercept

and Trend, N=2 and N=4

Panel A: N=2 : Panel B: N=4
Tests/TL 10 25 50 100 10 25 50 100
HD 10.24% | 9.96%* | 7.84** | 6.96%* | 22.4* | 21.56* | 21.26* | 20.56*
HL 11.44% | 11.2* | 7.86** TRE L 22.84% | 22.78* | 21.34% | 21.01*
HLM 9.7** | 30.46* | 31.82* | 31.24* | 30.5% | 31.42* | 33.66* | 34.22%
KK 11.78% | 27.68* | 28.46% | 29.22% | 27.76% | 27.6* | 26.5* | 26.58*
SS 12.29% | 34.6% | 35.54* | 36.58* | 25.24% | 25.34* | 26.34* | 27.06*
DHT 16.56* | 18.72*% | 18.74* | 19.18* | 27.18% | 27.82* | 24.76* | 23.2*

Note: “**” and **” indicate Best and Mediocre Tests, respectively.

Generally, these results for N=2 suggest HD and HL tests as the better performing tests

among stationarity tests. At very large time series dimension the MSC of both these tests
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will become closer to zero MSC indicating their powers equal to the power of point optimal
test. However, due to minimum vatue of MSC of HD test at each level of time series length

1L 1s considered to be most stringent test as compared to all other stattonarity tests.

Figure 6.17: MSC Assessments of Tests having Null Hypothesis of Stationarity with

Intercept and Trend, N=4
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Figure 6.17 displays the MSC picture of stationarity tests at N=4 for T=10, 25, 50, and 100
when data are generated with drift and trend terms. At T=1Q, all stationarity tests MSC
fluctuates in between 22% to 28% ndicating the approximate same power behavior of
these tests with margin difference and ranked as mediocre tests. Similarly, a very same
picture can be seen for time series 25, 50, and 100 for almost all tests with mediocre

positions.

155



HD test and HL tests have lowest MSC among other mediocre performer tests at each stage
of time series length. However, as HD test has minimum values (i.e. 22.4%, 21.56%,
21.26%, and 20.56%) of shortcomings than HL test’s shortcomings (i.e. 22.8%, 22.8%,
21.3%, and 21%) at time dimension length of 10, 25, 50, and 100 respectively thus HD test
is considered as most stringent test. Also, these results for HD and HL show a very slow

convergence pattern of MSC over time dimension.

Moreover, KK and DHT tests with a slow decreasing pattern of MSC of 27.76%, 27.6%,
26.5%, 26.58%, and, 27.2%, 27.85, 24.8%., 23.2% respectively have ranked as mediocre
tests at each level of time dimension. Both of these tests show a very similar pattern but at
large time dimension DHT test has less MSC than KK test. SS test shows an increasing
pattern and has lowest MSC value of 25.24% at sample size 10 while highest value of MSC

27.06% corresponding to time dimension 100,

However, with MSC of 30.5%, 31.42%, 33.66%, and 34.22% for time series level of 10,
25, 50, and 100 respectively HLM test with its siow divergence pattern is ranked as the bad

performing test among mediocre tests at each time series level.

Table 6.10 (Panel B) and Figure 6.17 indicate HD and HL tests as better performing tests
being in the category of mediocre performing tests with convergence pattern. However,
HD test with lowest MSC value among all tests at each level of time series level is labeled

as most stringent test.
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Figure 6.18: MSC Assessments of Tests having Null Hypothesis of Stationarity with

Intercept and Trend, N=8
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A more detail analysis of stationarity tests have been evaluated for N=8 in Figure 6.18 and
Table 6.11 (Panel A) indicating a similar situations as have been observed in N=4. At T=1 0,
all tests have classified into mediocre tests category with MSC of 22.38%, 22.7%, 30.8%,
27.44%, 25.03%, and 22.64% corresponding to HD, HL, HLM, KK, SS, and DHT tests
respectively. However, as the time series level reaches to 25 then HD., HL, KK, and DHT
tests with decreasing MSC of 21.92%, 22.44%, 25.32%, and 21.56% respectively remain
in the medtocre tests class. While, HL.M and SS tests with increasing MSC of 31.9% and
25.96% also persist to lie in mediocre class. At T=50, again all these tests continue to
remain in the mediocre tests category with further decreasing pattern of HD, HL, KK, SS,
and DHT tests having MSC of 21.14%, 21.58%, 31.98%, 24.42%. 25 7%, and 21.22%
respectively while with increasing pattem of HLM test with MSC of 31.98%. Moreover,

at T=100, all these tests continue to be the part of mediocre tests class having the lowest of
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the MSC value 20.86% against HD test while highest of the MSC value of 31.18% against

HIM test.

Table 6.11: MSC for the Null Hypothesis of Stationarity in the presence of Intercept

and Trend, N=8 and N=16

Panel A: N=8 Panel B: N=16
Tests/TL 10 25 50 100 10 25 50 100
HD 22.38* | 21.92*% | 21.14% | 20.86* | 20.3* | 18.68* | 17.02* | 16.06*
HL 22.7% | 22.44% | 21.58* | 20.94*% | 20.52% | 19.82* | 18.18* | 17.74*
HLM 30.78*% | 31.9* | 31.98* | 31.18* | 31.3* | 30.78* | 31.96* | 32.96*
KK 27.44% | 2532% | 24.42* | 23.88* | 23.56% | 21.6* | 21.3* | 19.88*
SS 25.03% | 25.96* | 25.7* | 25.16% | 25.04* | 23.56* | 22.8* | 21.24*
DHT 22.64% | 21.96% | 21.22* 21% | 21.46% | 18.86% | 17.56* | 16.98*

Note: “*” indicates Mediocre Test.

Figure 6.18 demonstrates HD test with convergent MSC of 22.38%, 21.92%, 21.14%, and
20.86% for time series level of 10, 25, 50, and 100 respectively as the better mediocre
performing test among all mediocre tests category. Also, HD test is considered 10 be most
stringent test as it has minimum value of MSC at each time series level than other tests.
Apart from HD test, HL test also has a convergence behavior with MSC of 22.7%,22.44%,
21.58%, and 20.94% corresponding to time series length of 10, 25, 50, and 100 respectively
and has ranked as mediocre test for each time series level. Similarly, KK and DHT tests
have also maintained a decreasing pattern of their MSC of 27.44%. 25.32%, 24.42%.
23.18% and 22.64%, 21.96%, 21.22%, 21% respectively and have ranked as mediocre tests

at all sample sizes.
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However, HLM test with increasing pattern and SS test with approximately constant
pattern of their MSC have also made place in mediocre tests whether sample size is small.
medium or large but only HLM test has named as bad mediocre performing test in the
mediocre tests category having maximum value of MSC at each time series level. While
SS test is considered to be the second bad performing mediocre test beside HLM test as the

sample size varies from 10 to 100,

Figure 6.18 concludes that HD and HL tests are the better performing test among mediocre
tests category, however, HD test is detected as most stringent test having minimum value
of shortcomings among all other stationarity tests at time series dimension 10, 25, 50, and
100. While, HLM test with its divergent behavior over time dimension is identified as bad

performing test among mediocre tests category.

Further, as the number of cross section increases to 16 then a convergence pattern for
majority of the tests have been identified in Figure 6.19 and Table 6.11 (Panel B) as the
time series progress from small to large. Figure 6.19 indicates a better performance of
stationarity tests at N=16 as compared to their performances for N=2, 4, and 8. The
graphical representation of HD, HL, KK, SS, and DHT tests demonstrate a convergence
behavior while HLM test shows a divergence pattern over time according to their attained

MSC.
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Figure 6.19: MSC Assessments of Tests having Null Hypothesis of Stationarity with

Intercept and Trend, N=16
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Figure 6.19 identifies HD test as the first better performer test among mediocre tests
category having MSC of 20.3%, 18.68%, 17.02%, and 16.06% as the time series increases
from 10 to 100. Similarly, HL and DHT tests corresponding to MSC of 20.52%, 19.82%,
18.18%, 17.74% and 21.46%, 18.86%, 17.56%, 16.98% respectively have also detected as
better performing tests among mediocre tests over time series level of 10, 25, 50, and 100
However, due to highest values of these tests over the values of HD test at each sample

size, HD test is ranked as most stringent test.

Similarty, KK test with attained MSC of 23.56%, 21.6%, 21.3%, and 19.88% at time series
level 10, 25, 50, and 100 respectively is identified as fourth mediocre test in the mediocre
tests class. Further, this test has improved its power behavior as compared to its power for

the last cross section units.
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Also, SS test has a decreasing pattern of MSC of 25.04% to 21.24% as the tme length
mereases from small (10) to large (100) respectively indicating its second last position from
the graphical representation in the mediocre tests category. Moreover, this test has switched
its pattern from divergence to convergence pattern as compared to its performance for the
last cross section umits. However, HLM test with as usual divergence behavior of its MSC

remains in the bed performing position in the mediocre tests class.

Figure 6.19 concludes that HD test is the most stringent test as it has minimum value of its
MSC at each level of time series while HLM test as the bad performing test with divergence
pattern over time series level 10 to 100 when the number of cross section units are 16. Also,
all of the tests have improved their MSC behavior as compared to their MSC for previous

Cross sectton units.

Figure 6.20: MSC Assessments of Tests having Null of Stationarity with Intercept and

Trend, N=32
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At very last cross section unit of 32, Figure 6.20 and Table 6.12 display results of all six
stationarity tests in which almost all tests have further attained a convergence pattern
according to their MSC as the time series varies from small to large when specification of
test equation model and DGP is same (i.e. case of intercept and trend terms). Here, MSC

values fluctuate in between 13% and 32% for all sample sizes.

HD test with MSC of 19.26%, 15.22%, 13.96%, and 13.62% with respect to time
dimension 10, 25, 50, and 100 respectively is ranked as the most stringent tests among all
mediocre tests. Moreover, HD test has better performance corresponding to MSC at N=32

as compared to its MSC for previous sample sizes.

Similarly. HL test is detected as the second better performer test having MSC of 19.56%,
17.35%, 14.58%, and 14.04% at time series level 10, 25, 50, and 100 respectively. Also,
HL test has attained a good convergence behavior at N=32 as compared to its pattern for
MSC less than N=32 but remains in the mediocre test category. While, two other mediocre
tests (i.e. KK and DHT) have also very close pattern to HD and HL tests at each level of
time series dimension. Both of these tests show an overlap pattern corresponding to each
level of time at N=32, however, at N=16 and less both of these tests have very different

behavior with respect to their MSC.

Further, SS test also behaves very similarly like KK and DHT tests in the mediocre tests
class but with higher MSC at each time dimension. SS test has MSC of 24.56%, 21.9%,
19%, and 15.08% over sample size 10, 25, 50, and 100 respectively and has stood as the
fifth better performing test and second bad performing test among mediocre tests class.
However, the decreasing MSC performance of this test at N=32 is better than the previous

Cross section units.
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Lastly, HLM test has also shown a decreasing behavior with respect to time dimension
indicating its switching position from divergent class to convergence class category. This
test has MSC of 31.98%, 31.1%, 30.76%, and 30.2% at sample size 10, 25, 50, and 100
respectively and is ranked as the last mediocre performing test. This result shows that HLM
test will eventually get more decreasing pattern and at last will achieve zero MSC at very
large time series and cross section level. Figure 6.20 concludes a very similar results from
stringent test (HD test) point of view as has been observed for the previous number of cross

section units when DGP and test equation have same specification.

Table 6.12;: MSC for the Null Hypothesis of Stationarity in the presence of Intercept

and Trend, N=32

Tests/TL 10 25 50 100
HD 19.26% | 1522% | 13.96* | 13.62%
HL 19.56* 173*% | 14.58*% | 14.04*
HLM 31.98* 3L.1* | 30.76* 30.2*
KK 21 18* 16.2*% | 15.06*
SS 24.56* 21.9% 19* 1 15.08*
DHT 20.94* 17.5% | 15.22%¥ | 15.06*

Note: “*” indicates Mediocre Test.
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6.4. Effect of Cross Section Length on Maximum Shortcomings of

Panel Unit Root Tests

This section analyzes best, mediocre and worst performing PUR and stationary tests by
keeping time series dimension fixed while cross section unit varies for the test models
having drift only and, with both drift and trend cases. In the first part of this section, the
power behavior of PUR tests for both cases (i.e. with drift only and, with both drift and
trend) have been analyzed and the second and last part of this section analyzes power of
stationary tests for the same specification cases (i.e. with drift only and, with both drift and
trend). Here, number of cross section units are divided into three category, these are small
(N=2, 4), medium (N=8, 16), and large (N=32). While, we have already categorized time

dimension as, small (T=10), medium (T=25 and T=50), and large (T=100).

6.4.1. Effect of Cross Section Length on Maximum Shortcomings
Evaluation of the Tests having the Null Hypothesis of Unit Root

(Intercept Case only)

This section assesses the performance of power property of PUR tests with null hypothesis
of unit root for the specification of drift term only in the DGP and mode!l of tests used for
fixed time series level (i.e. T=10, 25, 50, 100) and with varying cross section unit (i.e. N=2,

4, 8,16, 32).

Figure 6.21 to Figure 6.24 and Table 6.13 to Table 6.15, investigate the effect of cross
section units on the performance of PUR tests having the null hypothesis of unit root when

data are generated with drift deterministic term only along with same specification for the
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model of the tests. In all of these figures, x-axis shows cross section dimensions and y-axis

represents MSC for each time series level.

Figure 6.21: MSC Assessments of Tests having Null Hypothesis of PUR with Intercept

Term only, T=10
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Figure 6.21 and Table 6.13 (Panel A) show the behavior of PUR tests having the null
hypothesis of unil root when data are generated with drift term only for fixed T=10 with
varying number of cross sections to analyze the effect of cross sections. Figure 6.21 shows
a convergence pattern for almost all PUR tests. When number of cross sections are two,
then all of the tests either take maximum shortcoming against mediocre class or worst
performer class showing not a very significant performance of power of all tests at small
cross section. Four (CH, DWH, IPS, CHO) of the tests have ranked into mediocre
performing tests while fourteen (BNG, BU, DH, CIPS, LLC, LW, MP, MW PS. RMA,
WL, WT. CIPS_star, OS) tests have been ordered into worst performing tests category with

respect to their attained MSC at cross section unit 2 for T=10.
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As the number of cross section increases from 2 to 4 then DWH, IPS, and WT tests fulfill
the best performing tests criteria with 9.48%, 9.32%, and 9.42% MSC respectively and
have ranked as best performing tests. While, BNG, BU, DH, CIPS, LW, MP, PS, RMA,
CIPS_star, and OS tests have again categorized into worst performing tests as all these tests
have been in the same status when N=2. But, a few test (i.e. CH, LLC, MW, CHO, and
WL) have managed to rank into mediocre tests form worst performing test category. These
results indicate an increasing power of PUR tests having less MSC at N=4 as compared to
N=2. However, as the number of cross section units reaches to 8 then almost all the test
have the same status that have been observed for N=4, except BNG and CIPS_star tests
which have gained power and ranked into mediocre test class with MSC 45% and 49%

respectively.

At small time series (T=10) when the number of cross section are medium (N=16) then
few tests have managed to place their previous positions and have either ordered into best
or mediocre performing classes. DH, LW, and MP tests is ranked into mediocre tests
category with MSC 40%, 24%, and 47% respectively. However, the number of best
performing tests (DWH, IPS, and WT) remain the same but their MSC have been

decreased.

When the number of cross section becomes large (N=32) for small time series dimension
(T=10) then CIPS and RMA tests have gained a reasonable power and have ranked into
mediocre test class, however, all other tests have remained in the same status that have
been observed when N=16. Generally, all of the tests have maintained a convergence
behavior as the number of cross varies from small to large when the time series dimension

is small (T=10). As the number of cross section unit changes from small to large then
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decreasing pattern of MSC affect the behavior of PUR tests from ranking point of view.
However, BU, PS, and OS tests with MSC over 50% for each level of cross section unit
have remained the worst performing tests. Overall, DWH, IPS, and WT tests have graded

as best performing test for N=4, 8, 16, 32 with respect to their MSC.

167



Table 6.13: MSC for Null Hypothesis of Unit Root in the Presence of Intercept Case,

at T=10 and T=25

Panel A: T=10 Panel B: T=25
Test/CL 2 4 8 16 32 2 4 8 16 32
BNG 79| 78.14 | 45.64* | 40.93* | 40.72*% | 59.42 | 54.34 26% | 24.26* | 9.86**
BU 829 7822 733 | 7107| 68.18| 693 | 5884 501 :4579*|16.64*
CH 44 58% | 43.74*% | 33.46*% | 13.44* | 11.18* | 30.5* | 25.08% [ 11.08* | 7.9%* | 6.8**
DH 7142 | 61.08 | 60.76 | 40.34* | 32.88% | 57.22| 55.02| 45.5* | 15.18* | 7.1*+
DWH 13.28*% | 9.48*%* | 6.06%* | 3.22%* | 32%% | 4 52%*% [ 4 18%* | 1. 11*%* | 1.16** | 1.1**
IPS 37.92% | 9.32%% | 6.54%% | 3.4%+ | 3 16%* | 3.24%% | 3.02*%* | 3.19%* | 2 97%* [ 2 0] **
CIPS 8378 | 60.46| 5634 | 5442 |4996* | 768 |17.14* | 159% [ 14.96* | 13.02*
LLC 63.03 | 36.62* | 32.62*% | 17.3* 12% | B38** | B2** | 603** | 597** | 58**
Lw 94| 875 71.32[24.18* | 23.85* | 81.64 |26.08*% | 25.74* | 20.96* | 19.28*
MP 59.14 | 56.16 | 52.04 | 47.89*% | 41.66* | 46.8* | 30.62* | 27.99* | 20.48* | 15.58*
MW 61.92 | 41.68*% | 36.64* | 26.3* | 14.66* | 47.28* | 31.54* | 15.52*% | 15.16*% | 9.5**
PS 83.54 | 8278 | 79.68 | 7946 75.16 | 8006| 798| 732| 715| 68.78
RMA 751 ) 68.23| 63.28 55| 405% | 6428 | 56.86 | 47.12* | 46.82* | 19.42*
CHO 47.36* 47% | 37.62% | 35.54* | 29.84* | 28.34*% | 28.27* | 25.56* | 24.67*% | 7.1*¥
WL 5242 46.12* | 37.26* | 36.82* | 33.02% | 22.84* | 22.48* | 16.23% | 16.14% | 6.6**
WT 72| 9.42** | 8.06** | 7.84%* T*¥* | 63.92 | 6.24** | 533%% | 5%k | 4 g*x
CIPS_star | 83.48 | 60.88 | 49.4* | 4744% | 4238* | 77.3]4521*|36.58* | 33.56* | 23.13*
(O] 753 69.88| 6523 | 6442 5804 | 63.04| 62.58| 61.84 | 43.88* | 48.08*
[ —

Note: “**” and “*” indicate Best and Mediccre Tests, respectively.
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Figure 6.22: MSC Assessments of Tests having Null Hypothesis of PUR with Intercept

Term only, T=25
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Figure 6.22 and Table 6.13 (Panel B) show the MSC behavior of eighteen PUR tests for
medium time series (i.e. T=25) with different cross section.units when DGP and test
cquation take only drift term. A convergence behavior is observed for almost all tests from
Figure 6.22 as the cross section unit increases from small to large. At small cross section
length (N=2), ten (BNG, BU, DH, CIPS, LW, PS, RMA, WT, CIPS_star, OS) of the PUR
tests have shown to be worst performer tests according to their MSC while five (CH, MP,
MW, CHO, WL) and three (DWH, IPS, LLC) of the tests have stood mediocre and best
performing tests with respect to their MSC respectively. Also, the performance of PUR
tests at T=25 and N=2 have been significantly better as compared to their performance at

T=10 with same cross section unit.

As the number of cross section increases io another small number 4, then CIPS, LW, and

CIPS_star tests having 17%, 26% and 45% MSC are ranked as mediocre performer tests

169



from the previously assigned worst performing tests for N=2. Similarly, WT test with MSC
6.24% from previously assigned MSC of 63% is placed into best performing tests beside
DWH, IPS and LLC best performer tests. While, BNG, BU, DH, PS, RMA, and OS tests

remain in the worst performer tests having MSC above 50%.

As the number of cross section increases to 8 (i.e. medium) then at medium time series
length BNG, BU, DH, and RMA with 26%, 50%, 45%, 47% respectively have gained
power and adjusted their places in mediocre group. While, only PS and OS tests with MSC
73% and 61% remain in the worst performer tests. However, the number of best performer
tests remains the same that have been observed in the previous cross section unit. At N=16,
only OS test has finally adjusted its place into mediocre performing tests while CH has
placed into best performing tests as compared to its performance for the last cross section

unit. However, only PS test remains in the worst performing test with MSC 71%.

Finally, at cross section unit 32, BNG, DH, MW, CHO, and WL tests with MSC 9.86%,
71.1%, 9.5%, 7.1%, and 6.6% have graded into best performing test category. While, all
other tests have remained in the same status as have observed for N=16. Also, PS test with
respect to its MSC has been the worst performing test as the cross section level varies from
small to large. Moreover, it is observed that DWH, IPS, LLC, and WT tests are the best

performer tests as the cross section varies from small to large.
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Figure 6.23: MSC Assessments of Tests having Null Hypothesis of PUR with Intercept

Term only, T=50
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Figure 6.23 and Table 6.14 (Panel A) explain the performance of PUR tests for fixed T=50
with varying cross section units N=2, 4, 8, 16, 32 when data are generated with drift term
only. Figure 6.23 demonstrates a convergence pattern for almost all PUR tests which shows
an Increasing power of these tests as the time series and cross section unit increases.
Starting form N=2, Figure 6.23 demonstrates that four (DWH, IPS, LLC, and CHO) of the
tests are ranked as best performing tests according to their MSC of 1.3%, 3.84%, 7.02%,
and 8.28% respectively. While six tests (BNG, CH, DH, MP, MW, and WL) have assigned
as mediocre performer tests according to assigned benchmark. Unfortunately, BU, CIPS,
LW, PS, RMA, WT, CIPS_star, and OS tests with 62%, 64%. 73%, 79%, 53%, 56%, 66%,

and 54% MSC respectively are classified as worst performer tests.
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However, as the number of cross section increases to 4 then majority of the tests show a
further improvement and ranked into either mediocre or best performer category. Among
best performer tests for N=2, BNG, CH, CIPS, MW, WL, and WT tests have also adjusted
their position in the best performing class with 8.54%, 9.9%, 7.92%, 7.1%, 8.4%, and 4.5%
respectively. While, in the mediocre performing tests, LW, RMA, CIPS_star, and OS tests
with 13.3%, 46.7%, 24.2%, and 23.9% MSC respectively have placed their positions in
mediocre group. Further, as the number of cross section increases to 8 then BU test with
46.8% MSC is ordered into mediocre performing category beside DH, LW, MP, RMA,
CIPS_star, and OS tests. Moreover, the number of best performer tests remain the same as
that have been observed for N=4. At N=8, PS test has defined as worst performing test with

73% MSC.

Now, if the number of cross section units increases to 16 and 32, then only PS test remains
the worst performer test at both cross section units. While, BU, DH, and MP tests have
made their places in best performing tests from mediocre category at N=16 and N=32.
Moreover, LW, RMA, CIPS_star, and OS tests with 11.16%. 22.62%, 16.76%, and 19.94%
respectively are identified as mediocre tests for number of cross section 16 as well.
However, LW, RMA, and CIPS star tests with MSC 7.9%, 9.42%, and 8.63% respectively
have managed to take place in best performer tests category while OS test with no
improvement is ranked as in mediocre at N=32. Generally, Figure 6.23 shows a
convergence pattern towards zero for almost all tests, excluding PS test, as the number of
cross section increases. Finally, at very large cross section unit the number of best

performer tests reaches to seventeen.
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Table 6.14: MSC for Null Hypothesis of Unit Root in the Presence of Intercept Case,

at T=50 and T=100

Panel A: T=50 Panel B: T=100
Test/CL 2 4 8 16 32 2 4 8 16 32
BNG 24 06* | 8.54** | 7.04%% | 622%% | 5.2%% | 6£.5%* | 6.1** | 52%* | 2.1¥* | 49%*
BU 6251 5784 46.8*% | 7.64** | 5.68%% | 53.48 | 49.5*%|25.64% | 2.72%% | 2.4**
CH 14.9% | 99%+ | . 1%*%| 52%F | 401%% | 57*% | 551** | S08%* | 4.3%* | 4.]17%*
DH 33.78* 21.78*. 17.79% | 9.9%% | 6.4%% | 9 08** | 8.08** | 7.34** | 5.01** | 4.5%*
DWH 1.3%% | 1.14%* | 1.02%* | 1.04%* | 0.81%* | 1.2** | 1.03** | 1.01** | 0.8%* | 0.87**
IPS 3.84%% | 298%* | [ 39%% | 1 9%* | ] 66%*% | 2.5%%|2.08%* | 127%* | 1.2%* ) 0.88**
CIPS 64.18 | 7.92%% | 6.4%% | 638%* | 5.71** | 19.92* | 5.6%%| 4.1%| 4.1%* | 4.0]1**
LLC F.02%% | 558%% | 33#% | F 2Rk | [ 9Kk | 45k | 500%F | J Rk D4Rk ] 45%*
LW 7372 133% | 12.9% | 11.16* | 7.9%¥% | 36.9*| 7.1%* | 6.4%*|3.02%* ) 3.6%*
MP 37.38% | 22.93*% | 13.88% | 2.46%* | 1.54%% | 8.14%* | 592%* | (0.6%* | 1.18** | 1.3**
MW 2028% | T1%* | 59%% | 2.9%% | 205%% | 9.9%* | 57| S1*FF | 42%*% | 2.01**
PS 7948 | 75.74| 73.08| 685| 6788| 7882 | 75.2| 7226| 663 6286
RMA 53.62 | 46.78* | 43.84* [ 22.62* | 9.42** | 42.86* | 40.67* | 19.06* | 11.04* | 6.6**
CHO R28** | 7.9%% | 6.6%% [ 4.01** | 412%*% | 6.5%% | 53%* | 47*¥ | 3]13%+ | 325%*
WL T1.1% | 8.4%* | 7.09%% | £91*%% | 57%% | 77%% | 55%F| 48%*% | 397%* | 4]15%*
WT 56.04 | 4.5%F | 4.1%%| 33%% | 24%% | 4208% | 44%* | 438%* | 38I** | 2.5%*
CIPS star | 66.98 [ 24.21* [ 18.9% | 16.76* | 8.63** | 21.06* | 7.5%* | 6.2%*| 6.1** | 6.2**
0S 54.1| 23.9% | 20.01% { 19.94% | 17.78% | 26.6* | 9.6** | 72%*| 6.1%* | 506%*

Note: “**” and “*” indicate Best and Mediocre Tests, respectively.
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Figure 6.24: MSC Assessments of Tests having Null Hypothesis of PUR with Intercept

Term only, T=100
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At large time series level (T=100) for different cross section units (N=2, 4, 8, 16, 32),
Figure 6.24 and Table 6.14 (Panel B) explain the MSC behavior of PUR tests having the
null hypothesis of unit root when data generating process and test equation both have same

specification in deterministic term (i.c. only drift term).

It is observed from Figure 6.24 that majority of the tests with high power and attained MSC
have ranked as best performing tests at N=2. BNG, CH, DH, DWH, IPS, LL.C, MP, MW,
CHO, and WL tests are classified as best performer tests with MSC 6.5%, 5.7%, 9.08%,
1.2%, 2.5%, 4.5%, 8.14%, 9.9%. 6.5%, and 7.7% respectively. While, six (CIPS, LW,
RMA, WT, CIPS star, and 0S) of the test have managed to take place in mediocre test

class and only two (i.e. BU and PS) tests have graded into worst performing tests according
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to their MSC. Also, the number of best performer tests have been increased at N=2 and

T=100 as compared to number of best performer tests at T=50 with same cross unit.

As the number of cross section units increases to 4 then five other tests become the part of
best performing tests, these tests are CIPS, LW, WT, CIPS_star, and OS beside BNG, CH,
DH, DWH, IPS, LLC, MP, MW, CHO, and WL best performing tests at N=2. While one
test (i.e. BU) is managed to take its position in mediocre category alongside RMA at N=4.
However, due to its bad performance PS test has ranked as worst performing test with its
MSC 75%. This result shows that the number of best performer tests have increased at

T=100 and N=4 as matched to the number of best performing tests at T=50 and N=4,

At N=8, Figure 6.24 indicates the same status for all PUR tests that have been observed at
N=4. Fifteen (BNG, CH, DH, DWH, IPS, CIPS, LLC, LW, MP, MW, CHO, WL, WT,
CIPS star, and OS) and two (BU and RMA) tests have remained in the best and mediocre
performing tests category with further decreased in their MSC while PS test remains the

worst performer.

However, as the number of cross section units increases to 16 then BU test also become
part of the best performer tests at T=100. While, all other tests have remained in the same
status with decreasing pattern in their MSC. At N=32, RMA test is identified as best
performer test with 6.6% MSC along with sixteen other best performing tests. PS test with
MSC 62% is unable to make its place in mediocre class and has ranked as worst performer

test. While, no single test is identified as mediocre one at N=32.

Generally, Figure 6.24 shows a convergence pattern towards zero for almost all tests,

excluding PS test, as the number of cross section increases. At very large cross section unit
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the number of best performer tests reaches to seventeen while PS stands as worst performer

one according to its MSC behavior.

Figure 6.21 to Figure 6.24 concludes a very similar picture for the effect of cross section
unit over time series that have been observed from Figure 6.1 to Figure 6.5 for all PUR
tests when data are generated with drift term only. The effect of cross section unit over
time series length shows a convergence behavior for all PUR tests. Also, all these tests
have been individually shown in Figure 6.25 corresponding to their MSC for each
combination of cross section time series dimensions. This figure indicates best performer
tests with their bars downward towards zero while worst performing tests with bar upwards
towards 100% at each combination of time series and cross section units which further

clarify their positions in our simulation study.
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Figure 6.25: MSC of PUR Tests with Drift Term only
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6.4.2. Effect of Cross Section Length on Maximum Shortcomings
Evaluation of the Tests having the Null Hypothesis of Unit Root

(Intercept and Trend Case)
This section of the power analysis of PUR tests investigate the performance of PUR tests
with null hypothesis of unit root when DGP and test equation both have drift and trend

terms to check the effect of cross section units over time series length.

Figure 6.26 to Figure 6.29 and Table 6.15 to Table 6.16, examine the effect of cross section
units over different time series level to evaluate the performance of PUR tests when
specification of DGP and model of the test is same. In these mentioned figures, x-axis

shows cross section dimensions and y-axis represents MSC for each time series level.

Figure 6.26: MSC Assessments of Tests having Null Hypothesis of PUR with Intercept

and Trend Term, T=1{
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Figure 6.26 and Table 6.15 (Panel A) evaluate the MSC behavior of all tests when the time
series level is 10. All of the PUR tests have convergence pattern as the number of cross
section units moves from small to large. Starting from N=2, DWH test with MSC 29% is
stood as the only single mediocre test while all other tests with MSC over 50% are
classified as worst performer tests. As the number of cross sections increases to 4 then all
tests have the same status that have assigned previously for N=2 even with decreased MSC.
Again, DWH with 23% MSC is identified as mediocre test while no test has adjusted place
into best performing tests. Further, as the number of cross section are 8, WL and WT tests
are ranked as mediocre tests beside DWH test while all other tests remain in the same
status. At medium cross section unit 16 with small time series length 10, IPS, LW, and
CHO tests with MSC 26%, 33%, and 48% are graded as mediocre tests beside DWH and
WL and WT tests. While, BNG, BU, CH, DH, CIPS, LLC, MP, MW, PS, RMA, CIPS_star,
and OS tests with no improvement from rank point of view have ordered as worst performer
ones. However, all tests have maintained a decreasing pattern of their MSC. As the number
of cross section gets larger (i.c. N=32) then at small time series length DWH, IPS, and LW
tests against 6%, 7%, and 8% MSC respectively are classified as best performer ones.
Somehow, BNG and MW tests with improved MSC of 42% and 45% respectively have
categorized as mediocre tests. While, BU, CH, DH, CIPS, LLC, MP, PS, RMA, CIPS star,
and OS tests with MSC over 50% are identified as worst performer tests. Overall, all tests
have shown a downfall pattern as the number of cross section units increases at small time
series level. As the number of cross section units gets larger and at last reaches to 32 then
maximum number of best performing tests are observed as three while the number of

mediocre tests are detected as five.
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Table 6.15: MSC for Null Hypothesis of Unit Root in the Presence of Intercept and

Trend Case, at T=10 and T=25

Panel A: T=10 Panel B: T=25
Test/CL 2 4 8 16 32 2 4 8 16 32
BNG 71.31 6892 6398 53.76|42.48* | 66.94 64.7 24% | 12.82% | 9.84%*
BU 84.16 | 81.38 | B80.06| 77.74| 75.26|22.18% | 13.58%; 12.98% | 9.92** | 7.02%*
CH 78.64 | 64.78 | 60.82 58| 5226 | 77.48 63.42 60.06 | 56.98 | 21.02*
DH T1.72 | 67.82 | 66.64 | 60.38 | 53.34 |27.16% | 17.96% | 15.98% | 8.44** | 7.95%+*

DWH 29.46* | 23.82% 1 19.86* | 16.6* | 6.82** | 1.78** | 9.06** | 3.18** | 2.02%* | ] .91**

IPS 7482 | 63.12| 61.22|26.64* | 7.08** | 20.18* | 9.81** TTR* | TS51** | £.9*%*
CIPS 87.54 | 8646 | 8596 | 67.62| 61.88| 77.96 77.6 72.88 | 39.74* | 8.02**
LLC 77.8 | 75.28 70.7) 6424 60.34 | 12.82*% | 10.02** | 8.09** | 7.6%* | 7.18*+*
LW 8222 | 7852 | 75.64|33.56*% | 8.38** 71.4 71.09 70.02 | 19.2% ; 7.55%*
MP 81.96 | 80.92 782 70.74 | 63.24 | 80.98 70.78 66.46 | 65.46 | 38.92*
MW 81.24 | 81.06 79.9 65.1 | 45.82* 61.4 | 23.74% 14.1% | 9.61%* | 7.38%*
PS 86.03 | 83.72| 80.64 789 77.58| 84.62 81.42 79.88 | 76.02 | 73.44
RMA 93.89 | 93.87 | 89.56| 87.64| 84.52 91.9 90.18 81.4| 7422 | 7049
CHO 76.28 | 73.74 69.7 | 48.66* | 45.94* 74.6 | 50.07* 19.3% | 9.92%* | 7.51**
WL 79.64 | 52.66 | 47.96% | 43.96* {22.74% | 22.44% | 21.02* | 10.02%* | 7.9%* | 5.55%%
WT 6134 | 56.16 503 | 47.7*% | 44.24% | 21.6% | 13.56* | 8.06%* | 6.33** | 4.6%*

CIPS star | 87.61 | 85.88 | 83.42| 70.78 64.5 | 78.19 74.53 72.66 | 13.98% | 9.81**

0S 90.98 | 88.34 87.5| 74.06 | 68.92 85.4 85.08 8249 | 62.01| 60.02

Note: “**” and “*” indicate Best and Mediocre Tests, respectively.
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Figure 6.27: MSC Assessments of Tests having Null Hypothesis of PUR with Intercept

and Trend Term, T=25
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At time senes length 25 with varying cross section units, Figure 6.27 and Table 6.15 (Panel
B) represent the convergence behavior of all PUR tests in the presence of both of the
deterministic terms. At small cross section unit 2, DWH is stood as the only best performer
test with 1.78% MSC. At the same cross section level, BU, DH, IPS, LLC, WL, and WT
with 22%, 27%, 20%, 12%, 22%, and 21% respectively are ordered as mediocre tests
showing an improvement over N=2 and T=10. While, BNG, CH, CIPS, MP, MW, PS,
RMA, CHO, CIPS_star, and OS tests with MSC over 50% have assigned as worst

performer tests.

At second small cross section level (i.e. N=4) with medium time series length (i.e. T=25),
three of the tests (DWH, TPS, and LLLC) are classified as best performer tests with respect
to their assigned MSC. Similarty, MW and CHO tests with 23% and 50% MSC are ordered

as mediocre tests besides BU, SH, WL, and WT tests While, BNG, CH, CIPS, LW, MP,
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PS,RMA, CIPS _star, and OS tests with MSC over 50% have remained in worst performing

category.

Further, as the number of cross section units goes to 8 (i.e. medium cross section unit), WL
and WT tests against 10% and 8% have managed to make place in best performing tests.
Moreover, BNG test is the only single test that has managed its position from worst to
mediocre category according to its attained MSC. However, CH, CIPS, LW, MP, PS,
RMA, CIPS_star, and OS tests have remained in the same position with MSC over 50%.
A further improvement in more tests have been observed as the number of cross section
reaches to 16 from 8. Among best performer tests, BU, DH, MW, and CHO tests have also
placed their positions with 9.9%, 8.4%, 9.6%, and 9.92% MSC respectively. Similarly,
CIPS, LW, and CIPS_star tests are graded into mediocre tests group with MSC 39%, 19%,
and 13% respectively. While, CH, MP, PS, RMA, and OS tests have not changed their

position with respect to MSC and have maintained in worst performer position.

At large cross section unit 32 with medium time series dimension, Figure 6.27 displays a
further improvement in the best performer tests having MSC below 10%. At N=32, BNG,
CIPS, LW, and CIPS star tests have managed to adjust their places in the best performing
tests from their previously assigned mediocre performer positions at medium cross section
unit 16. While, CH and MP tests with MSC 21% and 38% are ranked into mediocre tests
from the worst performing positions. However, PS, RMA, and OS tests have continued to

be in the worst performing category according to their MSC.

Overall, Figure 6.27 explains convergence pattern of all tests as the number of cross section
units increases from small to large for the same level of time series. Most importantly, the

performance of PUR tests from MSC and ranking point of view have been improved at
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each cross section unit for T=25 (medium) as compared to their performance at T=10

(small) with same cross section units.

Figure 6.28: MSC Assessments of Tests having Null Hypothesis of PUR with Intercept

and Trend Term, T=50
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Figure 6.28 and Table 6.16 (Panel A) demonstrate a declining phenomenon of PUR tests
as the number of cross section increases from small to large at time series level 50. Starting
from small cross section 2, six (DH, DWH, TIPS, LLC, MW _and WL) of the PUR tests are
classified as best performer tests according to their attained MSC. Similarly, five (BNG,
BU, CHO, WT, and OS) tests are ranked into mediocre tests with 20%, 11%, 15%, and
49% MSC respectively. While, CH, CIPS, LW MP, PS, RMA and CIPS star tests have
left with worst performer ones according to the assigned benchmark criteria for worst
performing tests. Now, as the number of cross section increases to 4 then only CHO test
with 7.8% MSC has managed to include in best performer tests. Similarly, LW, MP, and

CIPS_star tests with 48.9%, 48.7%, and 47.1% MSC respectively are ranked into mediocre
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performer category. However, CH, CIPS, PS, and RMA tests have remained in its
previously assigned position of worst performing tests for N=2 with a decreasing pattern

in their MSC.

Further, increasing cross section unit from 4 (small) to 8 (medium) for medium time series
level of 50, two other tests (BNG and WT) with less than 10% MSC have ordered into best
performing tests alongside six previously assigned best performing tests. Moreover, CH
and CIPS tests with MSC 13% and 43% respectively are categorized into mediocre
performing tests. While, with no progress in their assigned ranked, PS and RMA have
placed into worst performing tests. At cross section length 16 for T=50, BU, CH, DH, and
LW tests with MSC 8.89%, 9.52%, 8.17% and 7.9% have fulfilled best performing tests
criteria and included in best performer tests. However, all other tests with their assigned
behavior of MSC have remained in the same status at N=16 as have observed for N=8, with
a decreasing pattern in their MSC. Finally, at large cross section unit of 32, CIPS,
CIPS star, and OS tests have assigned as best performing tests with respect to their MSC
besides BNG, BU, CH, PH, DWH, IPS, LLC, LW, MW, CHO, WL, and WT tests. While,
MP is defined as the only mediocre performing test with MSC 12%. Lastly, PS and RMA
tests have failed to include in mediocre or best performer tests category and have graded

as worst performer test even at N=32.
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Table 6.16: MSC for Null Hypothesis of Unit Root in the Presence of Intercept and

Trend Case, at T=50 and T=100

Panel A: T=50 Panel B: T=100
Test/CL 2 4 8 16 32 2 4 8 16 32
BNG 20.96* | 20.2% | 9.6%* | 6.7** | 6.06** | 10.01** | 6.88** | 5.01** | 4.97%% | 4 6%*
BU 13.06* | 12.01* | 11.08* | 8.89%* | 6.6%* | 7.44%% | 7.07** | 6.67** | 6.21** | 4.1%*
CH 7326 | 61.18 | 13.52% | 9.52%* | 7 7%+ 59.06 | 29.81* [ 10.1** | 7.55%% | 4 69**
DH 12.96* | 11.01* | 11.01* | 8.17** | 6.02*%* 6.9%% | 5.9%x | S5¥% | 401%% | 45%*
DWH 5.02%% | 4.74%% | 1. 81** | 1.86** | 1.58*%* | 4.02%* [ 4.01%* | 0.07** | 0.06** | 0.03**
IPS S59%8 | 5.41%* | 5.00%* | 4.42%% | 3.4*%* | SQI** | 512%*x | 3.5%* [ 2 00%% | | 9o*+
CIPS 54.32 | S51.36 | 43.78*% | 16.02* | 7.03** | 41.26* | 24.94% | 18.42* [ 9.88** | 6.§1**
LLC B.O2¥* | 7.02%* | 5.05%* | 4.22%% | 3.85%* | S501** [ 5.01** | 2.88%* | 1.21%% | [.3**
LW 60.68 | 48.98* | 45.58% | 7.9%* | 3.9%* | 4] 08* | 27.08% | 20.06* | 5.9%* | 2.9**
MP 56.84 | 48.7* [ 43.18* | 32.94* | 12.86* | 38.44* | 34.6* | 26.86* | 4.4%* [ 4.16**
MW B.64%* [ T.09%* | 6.6%* | 6.22%* | 438** O.7%% | S21%% | 3.83%*% | 2.48%% | D 4%+
PS 82.38 80.9| 79.09| 74.06| 72.28 81.77| 78.18 | 7564 | 7324 | 71.72
RMA 86.46 | 77.76| 75.38| 60.26 | 60.02 65.46 | 61.26 | 50.12 | 47.04* | 20.08*
CHO T1.3* | 7.88%* | 6.16%* | 6.02%* | 4.7%% | 2.58*%% | 2.3%* [ 2.02%* [ 201** | | 99**
WL TI** [ 7.06%*% | 6.6%* | 5.7%* | 3.31%% S.5%F ] 4.9%x | 35%% | D23%x | ] 7H%
WT 15.16% | 11.9%* | 5.05%* | 4.45%* [ 3.01** | 8.86%* [ 5.63** | 2.1%% | 1.92%* | | 06**
CIPS_star | 61.98 | 47.91* | 43.83* | 10.9* | 6.07** 47.2*% 1 22.13% 1 20.02% | 4.5%* | 4 46**
0S 49.46% | 42.28* | 30.02* | 30.46* | 10.12* | 43.08* | 37.06* | 20.08* | 21.72* | 7.86%*

Note: “**” and “*" indicate Best and Mediocre Tests, respectively.

187




Figure 6.29: MSC Assessments of Tests having Null Hypothesis of PUR with Intercept

and Trend Term, T=100
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Figure 6.29 explains the performance of PUR tests in the presence of both of the
deterministic terms (i.e. drift and trend) for number of time series length 100 with varying
number of cross section units. Figure 6.29 and Table 6 16 (Panel B) investigate that all
PUR tests have convergence pattern towards zero as the number of cross section units gets
larger. At N=2 with large time series level of 100, majority of the PUR tests show a least
number of MSC as compared to previous performances of these tests at small cross section
units but with small and medium time series length. At this cross section unit ten tests have
qualified as best performing tests, these tests are; BNG, BU, DH, DWH, IPS, LLC, MW,
CHO, WL, and WT corresponding to MSC 10%, 7.44%, 6.9%, 4.02%, 5.81%, 5.01%,
6.7%, 2.58%, 5.5%, and 8.86%, respectively. Whereas, CIPS, LW, MP, CIPS_star, and OS
tests having MSC 4126%, 41.08%, 38.44% 47.2%, and 43.08%, respectively are
identified as mediocre performer tests, However, only three (CH, PS, and RMA) tests with
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MSC over 50% are unable to adjust their places in best or mediocre classes and ranked as

worst performing tests.

Similarly, as the number of cross section units reaches to another small cross section unit
4, for large time series dimension all tests become better from their MSC point of view,
Here, the number of best performing test remain the same while the number of mediocre
performing tests have increased from five to six (CH, CIPS, LW, MP, CIPS_star, and OS)
as the number of cross section moves from 2 to 4. For the same cross section unit 4, the
number of worst performer tests have also decreased to two (PS and RMA) from three as
compared to previous cross section unit. However, as the number of cross section further
increases to 8 then one more test (i.e. CH) is added into best performing test category with
MSC 10% besides BNG, BU, DH, DWH, IPS, LLC, MW, CHO, WL, and WT tests.
Similarly, with one elimination from mediocre tests while one new addition into mediocre
tests from worst performing tests, the number of mediocre tests reaches to six (CIPS, LW,
MP, RMA, CIPS star, and OS) with MSC 18.42%, 20.06%, 26.86%, 50%, 20.02%, and

20.08% respectively. PS test with MSC 75% remains the only worst performer test at N=§.

At N=16 with large time series level 100, four more tests have obtained their MSC less
than 10% and are ranked as best performer tests. These tests are CIPS, LW, MP, and
CIPS star with MSC 9.88%, 5.9%, 4.4%, and 4.5%, respectively. Similarly, the number
of mediocre tests has decreased to two (RMA and OS) while only PS test is detected as
worst performing test with MSC 71% at N=16 when number of time series dimension is
large (T=100). Finally, as the cross section level reaches to 32, OS test is also ranked as
best performing test with MSC 7.86% besides BNG, BU. CH, DH, DWH. IPS, CIPS.LLC,

LW, MP, MW, CHO, WL, WT, and CIPS_star tests. Moreover, RMA and PS tests with
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MSC 20% and 71% remain in the mediocre and worst performing tests category. Overall,
results of Figure 6.29 shows a betier performance of almost all PUR tests as the number of
cross section increases and at very large cross section units these all tests will eventually
show a more smooth convergence behavior towards zero and will be classified as best

performing tests.

Figure 6.26 to Figure 6.29 and Table 6.15 to Table 6.16 demonstrate a very good
performance of almost all PUR tests showing a convergence pattern as the number of cross
sections moves from small to medium and to large with fixed time series dimensions
defined as small, medium and large when data are generated in the presence of both of the
deterministic terms. Overall, these figures have identified sixteen tests as the best
performer tests at large cross section and time series length. Also, PS test is identified as
worst performer test at each level of cross sect‘ion and time series length but at very large
cross section and time series dimensions this test will eventually become the part of either
mediocre or best performing class. All these tests have been individually picturized in
Figure 6.30 corresponding to their MSC for each combination of cross section and time
series dimensions. This figure shows best performer tests with their three dimension bars
downward towards zero while worst performing tests with bar upwards towards 100% at
each combination of time series and cross section units which further clarify their positions

in our simulation study.

Overall, our findings indicate a lot number of best performing tests having the null
hypothesis of unit root at large time series and cross section dimensions, hence it is needed
to tighten the best tests criteria and select a few best tests which performs well in small to

medium time and cross section units. Further, a benchmark criteria is developed by taking
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N=4 (small) and N=8 (medium) with T=25 (medium) to pick the best performer tests with
respect to their less MSC as compare to other tests. Overall, according to the assigned
benchmark criteria Figure 6.1 to Figure 6.10, Figure 6.21 to Figure 6.28, Figure 6.25 and
Figure 6.30 suggest, DWH, IPS, LLC, and WT tests as best performing tests in the small,
medium, and large time series and cross section dimensions in both situations of
deterministic terms. Altogether, if the number of observations is 50 or 100 then these four
tests are most preferable over other tests at the same number of observations. Similarly,
overall PS test according to its attained MSC is identified as worst performer test whether

panel dimension is small, medium or large (see Appendix B, Table B.1 to Table B.6).
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Figure 6.30: MSC of PUR Tests with Drift and Trend Terms
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6.4.3. Effect of Cross Section Length on Maximum Shortcomings
Evaluation of the Tests having the Null Hypothesis of Stationarity

(Intercept Case)

In this part of power analysis a comprehensive comparative evatuation has been explained
for the tests having the null hypothesis of panel stationarity by keeping the varying effect
of cross section units (i.e. N=2, 4, 8, 16, and 32) for fixed time series dimension (1.e. T=10,
25,50, and 100) using Monte Carlo Simulation size of 10,000 when data generating process

and test equation have same specification (i.e. with drift term only).

In graphical representation from Figure 6.31 to Figure 6.34, x-axis shows the number of
cross units for each level of time series dimension while y-axis displays MSC attained by

stationarity tests.

Figure 6.31: MSC Assessments of Tests having Null Hypothesis of Stationarity with

Intercept Term, T=10
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Figure 6.31 demonstrates the MSC behavior of panel stationarity tests to analyze the effect
of cross section length on time series length 10 when data are generated with drift term
only. At N=2, HD and HL tests with MSC 9.86% and 10% are ranked as best performing
tests, however, KK test with 10.3% MSC is ordered into mediocre test class. While, HLM,
SS, and DHT tests corresponding to MSC 11.72%, 16.32%, and 20.24% respectively but
more than MSC of HD and HL tests have classified into mediocre tests category. This
result indicates that HD test has the lowest value and DHT test has the highest value of

MSC corresponding to number of cross sections 2.

At N=4, the number of MSC for all tests are more as compared to MSC for N=2 with
smallest MSC of 23.58% against HD test while highest MSC of 41.46% in favor of DHT
test in the mediocre tests category. Similarly, HL, HLM, KK, and SS tests have also
continued to be endured in the mediocre tests with 25.44%, 36%. 26.12%. and 26.17%
respectively. However, as the number of cross section units reaches to 8 then HD, HL. KK,
and SS tests with decreasing MSC of 19.84%, 19.84%, 24.42%. and 25.44% respectively
have also persisted to be in the mediocre tests category. Again, HD test has the smallest
value at this cross section unit while DHT test with highest value of 42.54% of its MSC

has divergence pattern aside HLM test.

As the number of cross section increases to 16 then all tests have the same status of being
in the mediocre tests category, however, the MSC for the convergent pattern stationarity
tests have further decreased. Again, HD test with MSC of 18.74% has maintained to remain
in the better performing among the mediocre tests category. Moreover, with MSC of
19.28%, HL test has remained in the position of second better performing test in the

mediocre tests class. While, KK and SS tests with approximately same MSC are ranked as
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third and fourth in the mediocre tests at N=16. However, HLM and DHT tests
corresponding to MSC of 36.6% and 42.52% respectively have persisted to be in same

positions of bad performer tests among the mediocre tests.

Table 6.17: MSC for Null Hypothesis of Stationarity in the Presence of Intercept Case,

at T=10 and T=25

Panel A: T=10 Panel B: T=25

Tests/CL | 2 4 8 16 32 2 4 8 16 32

HD 0 86** | 23.58*% | 19.84* | 18.74% | 16.52% | 9.28** | 23.44* | 19.78* 18.5% | 15.72*
HL 107+ | 25.44% | 19.84* | 19.28* | 18.48* | 9.9** |24.56* | 19.82* | 18.93* 17.94*
HLM 11.7%2 | 36* 36.04% | 36.6% | 39.44* | 28.42% | 47.54* | 45.88* | 45.74* | 40.14*
KK 103+ |26.12% | 24.42% | 22.54* | 21.66* | 24.72* | 25.68* | 24.38* | 23.1 8* | 21.54*
SS T632% | 26.17% | 25.44% | 24.63* | 23.64* | 26.4* 126.32* | 26.75* 24 86* | 24.3* ,
DHT 20.24% | 41 46* | 42.54% | 42.52* | 42.06* | 26.75* | 42.08* | 42.56* | 42.9* 42.52*

Note: “** and “*” indicate Best and Mediocre Tests, respectively.

Finally, at N=32 the convergent behavioral stationarity tests have further decreasing gain
in their MSC while HLM and DHT tests remain in the same status as have been observed
for N=16. First, HD and HL tests have kept to place in first two positions among the
mediocre tests with MSC 16.52% a:d 18.48% respectively. Similarly, KK, SS, HLM, and
DHT tests with MSC of 21.66%, 23.64%, 39.445, and 42.06% also take place the same

place as have been assigned for N=16.

Overall, HD, HL, XK, and SS tests show a decreasing pattern of MSC as the number of

cross section moves from 2 to 32 and majority of these tests remain in the mediocre tests
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category, excluding HD and HL tests which are identified as best performing tests at N=2.
While among these tests, HD test with its minimum value of MSC at each level of cross
section unit is identified as most stringent test. However, only HLM and DHT tests have
detected as bad performing tests among the mediocre tests class with high MSC over 30%
against r;umbcr of cross 4 to 32, excluding HLM test with MSC 11.72% and 20.24%
respectively. Also, i Figure 6.31 the lowest number of MSC at N=2 shows a low power
behavior of stationarity tests and point optimal test which have also been observed for the

effect of time series on number of cross units (see Table A 1 (Panel A) in Appendix-A).

Figure 6.32: MSC Assessments of Tests having Null Hypothesis of Stationarity with

Intercept Term, T=25
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Figure 6.32 and Panel B of Table 6.17 determine the MSC performance of stationarity tests
at tme series length of 25 over the number of cross section units 2, 4, 8, 16, and 32. At
N=2, only two tests (HD and HL) are diagnosed as best performing tests with respect to

MSC of 9.28% and 9.9% respectively. At the same cross section unit, HLM, KI( SS, and
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DHT tests with MSC 28.42%, 24.72%, 26.4%, and 26.75% respectively are graded as

mediocre tests.

As the number of cross section increases to 4 then HD and HL tests switch into mediocre
tests category with MSC 23.44% and 24.56% respectively. Similarly, KK and SS tests have
kept their positions in the mediocre tests category but with little increase in their MSC.
However, DHT and HLM tests are classified as the bad performing tests in the mediocre
tests class with MSC 42.08% and 47.54%. Further, increasing cross section unit to 8, HD
and HL tests with MSC 19.78% and 19.82% respectively have gained a less value of MSC
as compared to their previous cross section counterpart. Also, other tests have also kept
their positions in the mediocre tests category with respect to MSC 24.38%, 26.75%,
42.56% and 45.88% corresponding to KK, SS, DHT, and HLM tests respectively in which

last two tests are assigned with the same previous status according to cross section unit.

At N=16, all six test remain in the same type of class with minimum value of MSC against
HD test as 18.5% while maximum value of MSC of 45.74% against HLM test. Lastly,
when the number of cross sections are 32 then again all tests with the same status remain
in mediocre tests class in which a MSC of 15.72%, 17.94%, 40.14%, 21.54%, 24.3%, and
42.52% against HD, HL, HLM, KK, SS, and DHT tests have been observed. These results
indicate a better performance of HD and HL tests while bad performance of DHT and HLM
tests over all cross section units. However, HD test stands as the most stringent tests with
a little improvement over HL test at all cross section units. Also, a convergence pattern has
been attained by HD, HL, HLM, KK, and SS tests over increasing number of cross section
units, excluding N=2. At N=2, the low value of MSC indicate that stationarity tests and

point optimal test have very low and close power at each alternative. However, other than
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N=2 all cross section units show a good power behavior of stationarity tests and more

powerful performance of point optimal test over stationarity tests.

Figure 6.33: MSC Assessments of Tests having Null Hypothesis of Stationarity with

Intercept Term, T=50

50
45

40

35

30

25

20

MAXIMUM SHORTCOMINGS

0 4 8 12 16 20 24 28 32
CROSS SECTION LENGTH
=+~ HD —d—HL -~ HLM KK s .55 com@m- DHT

At T=50, a further investigation of stationarity tests have been analyzed in Figure 6.33 and
Panel A of Table 6.18 with intercept term only. Like previous results, a similar picture has
been observed for N=50 over small to large cross section units. First, at N=2, HD and HL
tests with MSC of 6.025 and 8.36% are classified as best performing tests while HLM, KK,
SS, and DHT tests against MSC of 30.51%, 25.06%, 27.385, and 26.82% respectively are

placed into category of mediocre tests.

Second, as the cross section unit increases to 4 then HD and HL tests switch their previous
best performing positions into mediocre performing tests with 19.72% and 23.02% of MSC

respectively. However, HL.M, KK, S5, and DHT tests have remained in the mediocre tests
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class with MSC of 47.96%, 25.16%, 27.26%, and 42.26% respectively indicating a more
increase of MSC for HLM and DHT tests thus defined as bad performing tests in the
mediocre class. Also, HD test has the least value while HLM test with highest value of

their MSC at N=2 and N=4,

Third, with further increase of cross section unit to 8, Figure 6.33 demonstrates a same
situations for all test as have been observed for N=4 with HD and HL tests as the better
performing tests regarding their MSC while HLM and DHT tests with MSC of 46.57% and
42.94% remains in bad performing category in the mediocre tests category. Fourth. with
N=16, HD and HL tests corresponding to MSC of 14.94% and 16.56% have again stood
as the better performer tests in the mediocre tests class. Similarly, KK and SS tests with
approximately same value (i.e. 24.16% and 25.22%) of MSC remain in their previous
assigned positions in the mediocre tests class, While, as usual, HLM and DHT tests having

MSC far away from other mediocre tests MSC have continued to be in the last positions.

Lastly, with number of cross sections 32, KK test has further decreased its MSC from
24.16% 10 20.08% indicating that, this test, eventually gets MSC very close to zero as the
size of cross section units gets larger. Similarly, HD and HL tests with further improvement
in their powers and with assigned MSC of 13.2% and 15.86% have again managed their
top positions in the mediocre tests category. Moreover, HLM and DHT tests have also
identified as the bad performing tests in the mediocre test class with MSC over 40%. These
results show good performance of HD and HL tests with convergence behavior as the
number of cross sections increases from 2 to 32 for T=50, however, between these two
better performing tests in the class of mediocre tests D test has identified as the most

stringent test. While, HLM and DHT tests with bad performance in the mediocre tests
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category have detected as bad performing tests over number of cross sections 2 to 32.
"However, at N=2, the power of stationarity tests and point optimal test are very low at each
alternative thus indicating minimum value of MSC, at N=2, as compared to MSC of

stationarity and point optimal tests at other cross section units.

Table 6.18: MSC for Null Hypothesis of Stationarity in the Presence of Intercept Case,

at T=50 and T=100

Panel A: T=50 Panel B: T=100
Tests/CL 2 4 8 16 32 2 4 8 16 32
HD 6.02%* | 19.72* | 16.46% | 14.94% | 13.2% | 5.62%* | 14.84* | 14.38% | 13.54* | 9.82**
HL 836%* | 23.02* | 17.82*% | 16.56* | 15.86* | 6.46%* | 20.58* | 16.74* | 15.86% | 13.74*
HIM 3051* | 47.96* | 46.57% | 46.76* | 42.76% | 30.52* | 47.99* | 47.03* | 47.8* | 43.56*
KK 25.06* | 25.16* | 25.94* | 24.16* | 20.08* | 25.66* | 25.94* | 26.02* | 25.78* | 22.68*
SS 27.38*% | 27.26% | 27.24* | 25.22* [ 26.95* | 27.56* | 27.46* | 27.68* | 26.08* | 27.58*
DHT 26.82% | 42.26% | 42.94% | 42.98* | 42.62* | 27.5* | 42.88* | 43.34* 43% | 42.73*

Note: “*** and “*” indicate Best and Mediocre Tests, respectively.

When the time series increases to 100 then the performance of stationarity tests regarding
to their gained MSC under 50% are explained in Figure 6.34 and Table 6.18 (Panel B)
when data are generated in the intercept term onl)—(.-. At N=2, all stationarity tests have
minimum value of 5.62%, 6.46%, 30.52%, 25.66%, 27.56%, and 27.5% of their MSC
corresponding to HD, HL, HLM, KK, SS, and DHT tests respectively as compared to MSC
of these tests over other cross section units. Only, HD and HL tests with MSC of 5.625%

and 6.46% are assigned as best performer tests among four (HLM, KK, SS, and DHT)

mediocre tests at N=2.
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Figure 6.34: MSC Assessments of Tests having Null Hypothesis of Stationarity with

Intercept Term, T=100
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At N=4, the MSC of all tests have high value as compared to N=2, however, HLM, KK,
SS, and DHT tests have remained in the mediocre tests class while HD and HL tests with
MSC of 14.84% and 16.74% have switched their positions form best performing test class
to mediocre class beside four other tests. Further, as the number of cross section units
increases to 8 then all stationarity tests have the same status as have been explained at N=4
with approximately same MSC value of HD, HLM, KK, SS, and DHT tests while a little
decrease in the value of HL test has been observed. Moreover, at N=16, HD and HI. test
with MSC of 13.54% and 15.86% have classified as the better performing tests among
HLM, KK, §S, and DHT tests having values of their MSC 47 8%, 25.78%, 26.08%, and
43% in the mediocre tests category. At large cross section unit of 32, only HD test with
value of MSC of 9.82% has managed to take its position again in best performing test class.

While HL test with more close to best performing test category with respect to MSC value
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of 13.7% is remained in the mediocre class besides HLM, KK, SS, and DHT tests having

MSC value of 43.6%, 22.7%, 27.6%, and 42.7% respectively.

Overall, the results of Figure 6.34 indicate HD test as the most stringent test having a
convergence pattern from N=4 to N=32 and has assigned as best performer test twice as
compared to other mediocre tests. HL test is ranked as the second better performing test in
the class of mediocre tests with convergence behavior over N=4 to N=32. While, KK and
SS tests with approximately same pattern over N=2 to N=32 is assigned as average
performing tests in the mediocre tests class. However, HLLM and DHT tests are ranked as
the bad performing tests in the mediocre test class with MSC over 40% at N=4 to N=32.
Finally, the minimum value of MSC of all tests at N=2 indicate a low power of stationarity
tests and point optimal test as compared to power of these tests at other cross section units
and T=100. Generally, HD test is assigned as most stringent test at each level of time series
length (i.e. t=10, 25, 50, and 100) with varying number of cross section units (i.e. N=2, 4,
8, 16, and 32) when DGP and test equation have the same specification (i.e. drift term
only). While, HLM and DHT tests are categorized as bad performer tests among mediocre

tests at each level of time series and cross section units.
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Figure 6.35: MSC of Panel Stationary Tests with Drift only
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Figure 6.31 to Figure 6.34 conclude a very similar picture for the effect of cross section
unit over time series that have been observed from Figure 6.11 to Figure 6.15 for all panel
stationarity tests when data are generated with drift term only. The effect of cross section
unit over time series length shows a convergence behavior for all pane! stationarity tests.
Also, all these tests have been individually shown in Figure 6.35 corresponding to their
MSC for each combination of cross section time series dimensions. This figure indicates
best performer tests (i.e. HD and HL) with their bars downward towards zero at each
combination of time series and cross section units which further clarify their positions in

our simulation study.
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6.4.4. Effect of Cross Section Length on Maximum Shortcomings
Evaluation of the Tests having the Null Hypothesis of Stationarity

(Intercept and Trend Case)

This section demonstrates the performance of stationarity tests on the basis of MSC to see
the effect of cross section length over fixed time series length to identify better and bad
performer tests in the mediocre tests category when DGP and test equation have same
specification of the deterministic term, here in this case both drift and trend terms, using a

Monte Carlo size of 10,000.

Figure 6.36 to Figure 6.39 and Table 6.19 to Table 6.20 explain behavior of these tests. In
these figures, x-axis indicates cross section length while y-axis displays MSC of

stationarity tests.

Figure 6.36 and Table 6.19 (Panel A) display the results of stationarity tests at T=10 with
varying number of cross section units in the case of both intercept and trend terms. When
the number of cross section units are 2 then all tests have MSC in between 9% to 17% in
which HLM is ranked as best performer test with 9.7% MSC while DHT test with MSC of
16.56% is classified as bad performer in the mediocre class. However, HD and HL tests
having MSC of 10.24% and 11.44%, which are very close to best tests criteria, are graded

as mediocre tests beside KK and SS tests with MSC below 15% at N=2.
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Figure 6.36: MSC Assessments of Tests having Null Hypothesis of Stationarity with

Intercept and Trend Terms, T=10
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HD and HL tests have remained in the mediocre test class with 22 4% and 22.84% value
of MSC but have ordered as better tests in the mediocre class when the number of cross
section are 4. While, HLLM has lost its previous best performing position at N=2 and has
ranked as mediocre test with MSC of 30.5% at N=4. Similarly, KK, §S and DHT tests with
high value of their MSC, as compared to N=2, have kept their same positions as the number

of cross section units reaches to 4.

Further, as the number of cross units increases to 8 then Figure 6.36 indicates that all tests
remain in their previous positions with HD and HL tests as better performing tests in the
mediocre class with 22 38% and 22.7% MSC, respectively. While, HLM, KK 8§, and
DHT tests have managed to sustain their positions in the mediocre test class with 30.78%,
27 44%, 25.03%, and 22.64% MSC, respectively. At N=16 and 32, HD test has continued
to lie in top position in the mediocre tests category with MSC of 20.3% and 19.26%,
respectively. While HL test with MSC of 20.52% and 19.56% against N=16 and N=32 15
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identified as the second better performing test in the mediocre tests category. Moreover,
KK and DHT tests with their MSC of 23.56%, 21% and 21.46%, 2.94% against N=16 and
N=32 respectively have sustained to get closer to the MSC of HD and HL tests. However,
HLM test with 31.3% and 31.98% MSC in favor of N=16 and N=32 is continued to remain

in bad performer test in the mediocre tests category.

Table 6.19: MSC for Null Hypothesis of Stationarity in the Presence of Intercept and

Trend Case, at T=10 and T=25

Panel A: T=10 . Panel B: T=25
Tests/CL 2 4 8 16 32 2 4 8 16 32
HD 10.24* | 22.4* [2238*% | 20.3* | 19.26* [ 9.96** | 21.56* | 21.92* | 18.68* | 15.22*
HL 11.44% 1 22.84* | 227* 1 20.52* | 19.56*% | 11.2* [ 22.78* | 22.44* | 19.82* | 173+
HLM 9.7%* | 30.5* | 30.78* | 31.3* | 31.98* | 30.46* [ 31.42* | 31.9* |30.78* | 31.1*
KK 11.78* | 27.76* | 27.44* | 23.56* 21% | 27.68* | 27.6* | 2532% | 21.6* 18*
SS 12.29% | 25.24* | 25.03* | 25.04* [ 24.56* | 34.6% | 25.34* | 25.96* | 23.56* 21.9*
DHT 16.56* | 27.18* | 22.64* | 21.46* | 20.94* | 18.72* | 27.82* | 21.56* | 18.56* 17.5*

Note: “**” and “*" indicate Best and Mediocre Tests, respectively.

Generally, results of Figure 6.36 concludes that HD test with its convergence pattern and
minimum value of the MSC at N=4 to N=32, excluding its MSC at N=2, is identified as
better performing test. Similarly, HL test with very close to MSC of HD test at each level
of cross section is identified as second performer better test among HLM, KK, SS, and
DHT mediocre tests category. While, HLM test is categorized as bad performer test at each

level of cross section unit in the mediocre class. Again, the minimum value of MSC of all

209




stationarity tests at N=2 show low and close power of stationanty and point optimal tests

at each alternative at T=10 (see Table A.11 (Panel A) in Appendix-A).

Figure 6.37 and Table 6.19 {Panel B) show the behavior of MSC of panel stationarity tests
against small, medium and large cross section units at fixed time series level of 25 when

data are generated in the presence of both of deterministic terms.

Figure 6.37: MSC Assessments of Tests having Null Hypothesis of Stationarity with

Intercept and Trend Terms, T=25
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At N=2, Figure 6.37 shows that HD test is classified as best performer test with 9.96%
MSC while HL test with 11.2% MSC is detected as second better performing test. While,
HLM, KK, §S, and DHT tests having corresponding MSC of 30.46%, 27.68%, 34.6%, and
18.72% are graded into mediocre tests category mn which SS test is diagnosed as bad
performing test. As the number of cross section increases to 4 then HD test is unable 10

have a further decrease in its shortcomings and is ranked as mediocre test with MSC
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21.56%. Similarly, HL. and DHT tests with their increased MSC of 22.78% and 27.82%
have managed its previous position. While, only SS test has decreasing MSC of 25.34% as
compared to its previous MSC of 34.6%. However, HLM and KK tests with their constant

behavior of MSC for N=4 and N=2 are again classified as mediocre tests.

Further, as the number of cross section increases to 8 then HD, HL, HLM, KK, and SS
tests with approximately same MSC as have been observed at N=4 have kept their last
positions in the mediocre tests category. However, DHT test has remarkably gained its
power thus having minimum value of MSC at N=8 as compared to all other stationarity
tests and has ranked as better performer test at that cross section unit. At number of cross
section unit 16, all tests have gained a decreasing pattern according to their MSC and all
of these tests remain in the mediocre test class. Out of these mediocre tests, DHT with
18.56% and HLM with 30.78% MSC are categorized as the better performing and bad
performer tests in mediocre tests category. When the number of cross section units are 32
then HD test is classified as better performing test with MSC of 15.22% while HLM test
with 31.1% MSC is graded as bad performing test in the mediocre tests category. While all

other test with further decreasing pattern also remain in the same status.

Overall, Figure 6.37 demonstrates that HD, HL, KK, SS, and DHT tests have convergence
pattern over cross section unit 4 to 32, excluding their MSC at N=2. However, HD test
corresponding to its MSC at each level of cross section unit is identified as better performer
test. Moreover, HL test with very parallel pattern of its MSC to HD test is also classified
as the second better performing test as the number of cross increases from 2 to 32. A very
similar picture is observed for DHT test but after N=4. Finally, due to its constant behavior

regarding MSC HLM test is identified as bad performer test in the mediocre tests category.
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Figure 6.38: MSC Assessments of Tests having Null Hypothesis of Stationarity with

Intercept and Trend Terms, T=50
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A more detail review of PUR tests having the null hypothesis of stationarity has been
analyzed in Figure 6.38 and Table 6.20 (Panel A) for T=50 over number of cross section
unit 2, 4, 8, 16, and 32 when both drift and trend terms are present in the DGP and test
equation. This figure shows a declining pattern for all most all tests over small to large
cross sectton unit. At N=2, only HD and HL test have graded as best performing tests with
MSC of 7.84% and 7.86%. While, HLM, KK, SS, and DHT tests corresponding to MSC
of 31.82%, 28.46%, 35.54%, and 18.74% are ranked as mediocre tests. However, as the
number of cross section increases from 2 to 4 then HD and HL tests lose their previous
positions and have ranked as mediocre tests with MSC of 21.26% and 21.34%. While, all
other four tests remain in the same category (i.e. mediocre tests) corresponding to their
attained MSC. At N=4, HD and HLM tests with 21.26% and 33.66% MSC are classified

as better and bad performer tests in the mediocre tests category.
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Further, as the number of cross section moves to 8 then all stationarity tests continue to
sustain their previous positions with little decreased in their MSC. Again, HD test with
21.14% and HLM test with 31.98% of MSC are labeled as better and bad performing tests
in the mediocre test class. Similarly, with decreasing pattern all tests have kept their
previous positions at N=16 with 17.02% minimum value of MSC of HD test and 31.86%

maximum value of HLM test.

Finally, when the number of cross section increases to 32 then HD, HL., KK, SS, and DHT
tests have attained their MSC less than 20%, excluding the bad performer test HLM with
MSC 30.76%. Again, HD test with MSC of 13.96% is referred as better performing test in

the class of mediocre tests.

Overall, Figure 6.38 indicates that HD test with convergence pattern after N=2 is identified
as the most stringent test by attaining the minimum value of its MSC at each level of cross
section unit when T=50. Similarly, HL, KK, SS, and DHT tests have also maintained their
convergence pattern after N=2. Out of these mediocre performer tests, HL and DHT tests
have very close pattern to pattern of HD test. However, HLM test is ranked as bad

performer test in the mediocre test class at each level of cross section unit at T=50.
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Table 6.20: MSC for Null Hypothesis of Stationarity in the Presence of Intercept and

Trend Case, at T=50 and T=100

| Panel A: T=50 Panel B: T=100

Tests/CL 2 4 8 16 32 2 4 8 16 32
HD 784%* | 2126* | 21.14% | 17.02% [ 13.96* | 6.96** | 20.56* | 20.86* | 16.06* | 13.62*
HL 786%* | 2134% | 21.58% | 18.18% | 14.58% | 7#* [2101* [ 20.94* | 17.74* | 14.04*
HIM [ 31.82% | 33.66* | 31.98% | 31.96% | 30.76* | 3124% [ 34.22¢ | 31.18% | 32.96* | 30.2*
KK 3846+ | 26.5% | 2442% | 213% | 162%[29.22%[2658* | 23.88* | 19.88* | 15.06*
SS 3554% | 2634% | 25.7% | 22.8% | 19* | 36.58* [ 27.06* | 25.16* | 21.24* | 15.08*
DHT | 18.74% | 24.76* | 21.22* | 17.56% | 15.22* [ 19.18* | 232% |  21*|16.98%| 15.06*

Note: “**” and “*” indicate Best and Mediocre Tests, respectively.

At very last time dimension of 100 of this study, Figure 6.39 and Table 6.20 (Panel B)

display the performance of stationarity tests at varying size of cross sections. At N=2, two

tests (i.e. HD and HL) have ranked as best performer tests corresponding to MSC of 6.96%

and 7% while other four tests (HLM, KK, SS, and DHT) with respect MSC of 31.24%,

29.22%. 36.58%, and 19.18% are classified as mediocre performing tests. However, as the

number of cross section increases to 4 then HD and HL tests switch their position into

mediocre tests class with MSC 20.56% and 21.01%, respectively. Similarly, previously

assigned mediocre tests at N=2 with upward and downward fluctuations have remained in

the same came category with minimum value of shortcomings 23.2% against DHT test and

maximum value of shortcomings of 34.22% against HL.M test.
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Figure 6.39: MSC Assessments of Tests having Null Hypothesis of Stationarity with

Intercept and Trend Terms, T=100
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Further, at N=8, all of the stationarity tests (i.e. HD, HL, HLM, KK, SS, and DHT)
corresponding to MSC of 20.86%, 20.94%, 31.18%, 23.88%, 25.16%, and 21%
respectively have gained a decreasing pattern at N=8 as compared to their previous values
for N=4 but have kept their places in mediocre tests category. When the number of cross
section units are 16 then a similar picture 1s detected as has been analyzed at N=8 for almost
all tests in which HD and HLM tests with MSC of 16.06% and 32.96% are identified as
better and bad performer tests among the mediocre tests class. Finally, at N=32, these tests
have remained in the mediocre class with convergence behavior of their MSC. A very close
value of MSC of HD, HL, KK, SS, and DHT tests have been observed at N=32, in whach
KK S8, and DHT tests with same values have an overlapping picture. Unfortunately, HLM

test according to MSC of 30.2% 1s classified as bad performing test for N=32 as well.

215



Figure 6.39 indicates a convergence pattern for all six tests as the number of cross section
increases from 2 with HD test having the minimum value of MSC at each level of cross
section unit, hence, identified as most stringent test in the mediocre tests class. At small
cross section units the value of HD and HL tests are small over other tests, however, as the
number of cross section moves to medium and large cross section units these tests get their
MSC value very close to HD and HL tests at T=100. Which shows that all these tests will
eventually have zero MSC as both cross section dimension and time dimension gets larger.
However, among mediocre tests category, HLM test remains the bad performing test

having maximum value of MSC at each cross section level at T=100.
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Figure 6.40: MSC of Panel Stationary Tests with Drift and Trend
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Figure 6.36 to Figure 6.39 conclude a very similar picture for the effect of cross section
unit over time series that have been observed from Figure 6.16 to Figure 6.20 for all panel
stationarity tests when data are generated with drift and trend terms. The effect of cross
section unit over time series length shows a convergence behavior for all panel stationarity
tests. Also, all these tests have been individually shown in Figure 6.40 corresponding to
their MSC for each combination of cross section and time series dimensions. This figure
indicates best performer tests (i.e. HD and HL) with their bars downward towards zero at
cach combination of time series and cross section units which further clarify their positions

in this simulation study.

6.5. Concluding Remarks

It is evident from Figure 6.1 to Figure 6.5, Figure 6.25 and Table 6.1 to Table 6.3 that when
data are generated with only an intercept term for PUR test with null hypothesis of unit
root to observe the time series effect over cross section units then approximately all tests
have minimal difference from power envelope as time series progress from smallest to
largest for each fixed cross section unit. Also, the number of best performer tests increases
as time series and cross section dimension grows and at larger time series for all cross
sections majority of the tests become better performer according to their less and
decreasing pattern of MSC. When cross section dimension is very small (i.e. N=2) then all
tests have convergence pattern but none of them fulfill best test criteria corresponding to
time series 10, however, for the same cross section but with varying time series level of
more than 10 these PUR tests become in more decreasing pattern and become the part of
best performing tests category. The number of worst and mediocre performer tests

decreases while number of best performer tests increases as sample size and cross section
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units increases. At sample size 25 and 50, on average there are five (5) and eleven (11) best
performer tests respectively for all cross section units as compared to 4 best performer tests
for time series 10, Lastly at T=100, there are on average (i.e. N=8) fifteen (15) best
performing tests and are the most number of best performing tests for that sample size as
compared to previous sample sizes. As most of tests are performing well at sample size 50
and 100 so it is recommended to take those better tests which stands best in lower sample
size. A standard benchmark of N=4 and N=8 against T=25 are taken to further tighten the
best performer tests criteria and find the best performing tests in the overlapped picture
shown in each graph. We have selected N=4 and N=8 corresponding to T=25 because these
combination of cross section and time series are not too small and large in our finite sample
comparative study. This concludes DWH, IPS, LLC, and WT tests as most suitable best
performing tests for small and large sample sizes having MSC less than 10% at N=4 and
N=8 against T=25 when data are generated with intercept but without trend, excluding PS
test with worst performance. Overall, PS test with respect to its MSC is categorized as

worst performing test at each combination of cross section and time series level.

It is also observed from Figure 6.6 to Figure 6.10, Figure 6.30 and Table 6.4 to Table 6.6
that when data are generated in the presence of both of deterministic terms for the null
hypothesis of PUR tests to investigate the effect of time series on the performance of PUR
tests then results are very similar as noticed in the case of with intercept but without trend
model. Again, as the time series increases and cross section dimensions moves from small
to large then a very large number of PUR tests having the null hypothesis of unit root are
classified as best performing tests and the number of mediocre or worst performing tests

remains either one or two. Hence, a benchmark of N=4 and N=8 against T=25 has been
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taken into account to find the most suitable best performing tests which can be used for
small as well as for large samples. Hence, our analysis suggests DWH, IPS, LLC and WT
tests as best performing tests for all combination of varying time series level and fixed
cross section units according to assigned benchmark. There is only one test (i.e. PS) which
performs very poorly according to its MSC for small to medium and then large panels.
Therefore, besides this one worst performing test, all tests are preferable to be used at large
time and cross section units according to simulation results but among these tests DWH,
IPS, LLC, and WT tests are the most appropriate because it can be used for short and long

sample sizes and cross section units.

In the third part of comparative study, tests having the null hypothesis of stationarity have
been compared to categorize them as best, mediocre and worst performer tests to observe
the effect of time series on the MSC performance of panel stationary tests. When data are
generated with an intercept but without trend then it is observed from Figure 6.11 to Figure
6.15, Figure 6.35, Table 6.7 to Table 6.9 and Table A.1 to Table A.10 (Appendix-A) that
overall HD and HL tests show an approximate declining phenomena for their MSC for all
cross section units as the sample size varies from small to large. Both of these tests are
ranked as better performing tests at sample size 10, 25, 50, and 100 when number of cross
sections are 2. Moreover, HLM, KK, SS, and DHT tests with slowly divergence behavior,
are the worst performing tests being in the category of mediocre tests according to their
observed MSC as the sample size increases from small to large. Therefore, if the data are
generated with intercept but without trend then HD and HL tests are most preferable tests
over other four tests, as both of these tests have minimum discrepancy from power

envelope for all cross section units as the sample size increases. Moreover, HD test is
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identified as most stringent test for most of the cross section and time series levels having

minimum value of MSC as compared to other stationarity tests.

If the data are generated with intercept and trend for the null hypothesis of panel stationary
then two of the stationary tests perform better as compared to other four tests as the sample
size increases for different level of cross section units to analyze the effect of time series
on the MSC performance. It is evident from Figure 6.16 to Figure 6.20, Figure 6.40, Table
6.10 to Table 6.12 and Table A.11 to Table A.20 (Appendix-A) that HD and HL tests ;,vith
convergence pattern have less distance, especially at large sample size their distance, from
power envelope for all cross section units and are preferable over other stationary tests
when data are generated in the presence of both of deterministic terms. Also, three tests
(KK, SS, and DHT) also show a decreasing pattern as the sample size gets larger but overall
results indicate that DHT test is more close to HD and HL tests as the number of cross
section and time series level increases. However, HLM test with a constant behavior of its
MSC over all time series for each cross section unit is identified as bad performing test

among the mediocre tests class.

This study has concluded the performance of both type (PUR and stationary tests) of PUR
tests to observe the effect of time series over cross section unit on the performance of PUR
tests having the null hypothesis of unit root and it is found that DWH, IPS, LLC, WT, HD,
and HL tests are identified as best performing tests from the rest of other tests with respect
to their MSC in both cases of deterministic parts. Out of these five best performing tests,
first four belongs to null hypothesis of PUR while the last two belong to null hypothesis of

panel stationarity.
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A similar results have been observed to see the effect of cross section units on the
performance of PUR tests having the null hypothesis of unit root in both cases of
deterministic terms. In the presence of drift term only, PUR tests having the null hypothesis
of unit root have evaluated through Figure 6.21 to Figure 6.25 and Table 6.13 to Table
6.14. Overall analysis of these figures have concluded that almost all PUR tests gets MSC
equal to zero with overlapped pattern as the sample size increases from 25 to 100 and it is
needed to find the best performing tests which performs well in small as well as in large
time sertes and cross section combinations. Hence, a similar benchmark criteria has been
adopted as has been taken previously to observe the effect of time series on the performance
of PUR tests in the first section. Again, DWH, IPS, LLC, and W'T tests are detected as the
best performing tests at each cross section unit (i.e. from small to large) over time series
level of 10, 25, 50, and 100 according to the assigned benchmark of N=4 and N=8 against
T=25. It is observed that the number of mediocre and worst performing gets smaller as the
time and cross section unit increases from small to large. Again, PS test is identified as
worst performing test with MSC over 50% at all cross section level for fixed level of time

series.

In the presence of both of deterministic terms (drift and trend terms) a similar situation has
been concluded from Figure 6.26 to Figure 6.30 and Table 6.15 to Table 6.16 as has been
observed when only drift term is present in the test equation and DGP to see the effect of
cross section units on the performance of PUR tests having the null hypothesis of unit root.
Overall, an overlapping pattern has been observed for almost all tests at large time series
and cross section dimensions for best performing tests. Again, DWH, IPS, LL.C. and WT

tests are assigned as best performing tests according to their MSC behavior over small to
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large cross section units using the assigned benchmark criteria mentioned earlier. While,
PS test is ranked as worst performing test at each level of varying cross section unit over

fixed time series of 10, 25, 50, and 100.

Similarly, the effect of cross section units on the performance of PUR tests having the null
hypothesis of stationary, from Figure 6.31 to Figure 6.35. Table 6.17 to Table 6.18 and
Table A.1 10 Table A.10 (Appendix-A) have the same remedy as have been concluded for
the effect of time series dimension over level of cross section units. In the case of drift term
for DGP and test equation under consideration, HD and HL tests with convergence pattern
of their MSC over varying level of cross section units are detected as best performing tests
among four (HLM, KK, SS, and DHT) tests. Between these two best performing tests, HD
test with minimum value of its MSC over varying level of cross section units is identified
as most stringent test. However, HLM test is assigned as bad performing test being in the

category of mediocre tests.

In the presence of both of deterministic terms in the DGP and test equation, the effect of
cross section units on the performance of PUR tests having the null hypothesis of stationary
from Figure 6.36 to Figure 6.40, Table 6.19 to Table 6.20 and Table A.11 to Table A.20
{(Appendix-A) show that HD and HL tests with convergence pattern are identified as best
performing tests having minimum value of their MSC as compare to other four stationary
tests. However, HD test with minimum value of its MSC at each level of cross section unit
1s detected as most stringent test. HLM test with its high MSC value at each level of cross
section unit for time dimension is classified as bad performer test in the category of

mediocre tests.
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Generally, it is also analyzed that among both type of PUR tests (tests having null
hypothesis of unit root and null hypothesis of stationary), power curve of tests having the
null hypothesis of unit root are observed as more close to power envelope of point optimal
test as compared to power curve of panel stationary tests to power envelope of point
optimal test. Further, the results of this study concludes that at large sample sizes power
curve of majority of PUR tests having null hypothesis of unit root overlap the power
envelope of point optimal test, however, panel stationary tests do not have such a situation.
Hence, PUR tests with null hypothesis of unit root are more preferable to apply then panel
stationary tests. These results of poor performance of panel stationary tests are also parallel
to the results of existing literature, Hlouskova and Wagner (2006), about panel stationary

tests.
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Chapter 07

Bootstrap Empirical Power Evaluation of Panel Unit Root Tests

In last chapter (i.e. chapter 06) we have studied the performance of PUR tests on the basis
of size and power properties of these tests using simulated critical values and have
concluded best, mediocre, and worst performing tests with respect to their assigned MSC.
In this chapter we empirically evaluate the power behavior of best performing tests having
the null hypothesis of unit root by using the Purchasing Power Parity (PPP) hypothesis.
PPP hypothesis has been discussed in the literature by using time series and PUR tests, the
idea is, if the real exchange rate is found to be unit root then this represent the violation of
PPP hypothesis. If, it is found to be stationary then it is taken as strong evidence in favor
of long run PPP. According to literature, some studies found evidence in favor of validity
of PPP while other studies have failed to find the validity of PPP. According to existing

literature the real exchange rate is constructed as follows:
In RER, = In NER, +InCPI/ —InCPI? (7.1)

Here, In NER, shows the log of nominal exchange rate of domestic currency of country i
at time t against one unit of foreign currency (US dollar) and, In CPI7 and In CPI{ denote

the log of foreign (US) and domestic consumer price index, respectively. Here, the best
performer tests have been utilized on real exchange rate by using the bootstrap method.
Hence, bootstrap critical values are calculated and used to carry out empirical performance

of best performing tests.
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This bootstrap simulation study is carried out using four different data sets corresponding
to four cross section units from OECD countries and four time series dimensions. A
monthly data is taken from January 2010 to April 2018 for Belgium, Canada, Finland,
France, Germany, Ireland, Italy, the Netherland, Spain, Denmark. Iceland, Norway,
Sweden, Switzerland, the United Kingdom, and the United States from IFS database. First
data set include two (United Kingdom and United States) OECD countries corresponding
to time series level of 10, 25, 50, and 100. Second data set takes four (France, Germany,
the United Kingdom, and the United States) OECD countries with same level of time
series. Third data set consists of eight countries including France, Germany, ltaly, the
Netherland, Spain, Denmark, the United Kingdom, and the United States with same time
series levels. Similarly, fourth data set consist of sixteen countries including Belgium,
Canada, Finland, France, Germany, Ireland, Italy, the Netherland, Spain, Denmark,
Iceland, Norway, Sweden, Switzerland, the United Kingdom, and the United States for

time dimension 10, 25, 50, and 100.

In the first section the bootstrap empirical power of best performing PUR tests have been
analyzed when only intercept case is present in the DGP and test equation. In the second
the bootstrap empirical powers have been explained in the presence of both of the
deterministic terms in the DGP and test equation. In the last part of this chapter the

summary of this chapter has been given.

7.1. Bootstrap Empirical Powers with Intercept Term, at N=2

Table 7.1 (Panel A) shows the bootstrap empirical power performance of four best
performer PUR tests (i.e. DWH, IPS, LLC, and WT) for time series length of 10, 25, 50,
and 100 when the number of cross sections are 2. At first data set, DWH test has bootstrap
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empirical power 67.12% at T=10 which is the highest as compared to empirical power of
59.98%, 47.96%, and 54.06% corresponding to IPS, LLC, and WT tests, respectively. As
the time dimension increases to 25 then DWH, IPS, LLC, and WT tests have bootstrap
empirical power 95.36%, 89.1%, 88.98%, and 54.06%, respectively. Here, DWH test again
has maximum power as compared to other three PUR best performing tests while at the
same time secries level WT test has the least bootstrap empirical power of 67.78%.
Moreover, at T=50 and 100, DWH, IPS, and LLC tests have achieved their maximum
bootstrap empirical power of 100% while WT test has the least empirical power of 83.98%
and 95%. These resuits are very similar to conclusion of Chapter 06, that is, as the time

dimension increases the power of PUR tests also increases.

Table 7.1: Bootstrap Power Evaluation with Intercept Case, at N=2 and N=4

Panel A;: N=2 Panel B: N=4
TL/Tests | DWH | IPS LLC | WT |TL/Tests |DWH [IPS |LLC |[WT
100 100 100 100 95 100 100 100| 100| 100
50 100 100 100 | 83.98 50 100 100| 1009848
25 9536 89.1| 88.98 | 67.78 251 9989671 | 9447548
10| 67.12| 59.98 | 47.96 | 54.06 10| 76.4 6622|5846 | 54.34

7.2. Bootstrap Empirical Powers with Intercept Term, at N=4

Panel B of Table 7.1 prsents a very similar results of best performing PUR tests that we
have observed at N=2 for time series length of 10, 25, 50, and 100 when number of cross

sections are 4. In the second data set, when the time length is 10 then DWH, IPS, LLC, and
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WT tests have attained their bootstrap empirical power of 76.4%. 66.22%, 58.46%. and
54.34%, respectively. Clearly, at T=10, DWH and WT tests have the highest and smallest
empirical power as compared to other two PUR best performing tests. As the time
dimension increases from 10 to 25 then empirical power of all best performing PUR tests
increases. DWH, IPS, LLC, and WT tests with 99.8%, 96.71%, 94.45%, and 75.48%
empirical powers are ranked as 1%, 2™, 3™, and 4" tests, respectively. Even though, there
is not much gape in between their attained empirical powers at N=25. As the time series
level reaches to 50 and 100 then DWH, IPS, LLC, and WT tests have maximum power of
100%, although WT test has 98.48% bootstrap empirical power at T=50 which it is almost
equal to 100%. Table 7.1 (Panel B) results are corresponding to results of simulation results
of chapter 06 in which we have concluded that as the time and cross section dimension

increases the power of PUR tests also increases.

7.3. Bootstrap Empirical Powers with Intercept Term, at N=8

Table 7.2 (Panel A) demonstrates the bootstrap empirical power of best performing PUR
tests when the number of cross section units is 8 (data set 3™) with varying time series
length of 10, 25, 50, and 100. At T=10, it is observed that all tests have empirical power
greater than 50%. DWH test with bootstrap empirical power of 82.78% has the highest
empirical power while IPS and LLC tests with bootstrap empirical power of 78.84% and
72.9% respectively are the 2" and 3" number tests but not with much power difference.
However, WT test has the least empirical power of 59.8% among all four best performing
tests at N=10. Further, as the time series level is 25 then empirical power of all four best
performing tests also increases. DWH, IPS, and LLC tests have almost 100% bootstrap

empirical power while WT test has the least bootstrap empirical power of 78.04% and is
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the least one among all four best performing PUR tests. As the time dimension increases
to 50 and 100 then almost all tests have their maximum power of 100% including W test.
Table 7.2 (Panel A) explains a similar conclusion as we have drawn from the results of
simulations study of Chapter 06 which demonstrates highest power achievement of almost

all tests as the number of cross section and time series lengths increases.

Table 7.2: Bootstrap Power Evaluation with Intercept Case, at N=8 and N=16

Panel A: N=8 Panel B: N=16
TL/Tests | DWH | IPS LLC | WT TL/Tests | DWH | IPS | LLC |WT
100 100 100 | 100 100 100 100 100| 100| 100
50 100 100 | 100] 98.84 50 100 100| 100 | 100
25 100 100 | 999 | 78.04 25 100 | 100| 100{99.34
101 82.78 | 7884 | 72.9 59.8 10 100 | 100 | 100 73

7.4. Bootstrap Empirical Powers with Intercept Term, at N=16

When the number of cross section unit is 16 (4" data set) then Table 7.2 (Panel B) explains
that almost all tests have attained maximum bootstrap empirical power of 100% as the time
dimension increases from 10 to 25 and then 100. Even though, WT test has 73% bootstrap
empirical power at T=10 but as the time series level increases to 235 then this test attains its
maximum bootstrap empirical power of almost 100% along with DWH, IPS, and LLC
tests. Table 7.2 (Panel B) demonstrates that at very large cross section unit with each level

of time series length the empirical power of all tests reaches to their maximum power of

100%.
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Overall, Table 7.1 and Table 7.2 indicates that as the number of cross section and time
series length increases then bootstrap empirical power of best performing tests also
increases and at last reaches to their maximum attained bootstrap empirical power of 100%
in the specification of only intercept term in the specified test’s model. These results are

very similar to the results of simulation results of Chapter 06.

7.5. Bootstrap Empirical Powers with Intercept and Trend Terms, at N=2

Table 7.3 (Panel A) analyzes the bootstrap empirical power performance of best
performing PUR tests when the number of cross section are two (first data set) in the
presence of specification of intercept and trend terms both in DGP and test equation of the
model. At T=10, it is observed that all PUR tests have their bootstrap empirical power
greater than 50% with very little difference between these empirical powers. At small time
series the empirical powers 74.38%, 65.3%, 59.78%, and 54.1% have been attained by
DWH, IPS, LLC, and WT tests, respectively. As the time dimension increases to 25 then
DWH and IPS tests attained maximum empirical power of 100% while LLC with 94.76%
(almost 100%) empirical power are more near to empirical power of DWH and LLC tests.
However, WT has taken 71.8% empirical power at T=25 and is the least power among four
best performer tests. At T=50 and 100, DWH, IPS, and LLC tests have empirical power
equal to 100%. While WT test has bootstrap empirical power of 88% and 100% at T=50
and T=100, respectively. These results are in favor of our simulation study results that we
have carried out in Chapter 06 which shows that power of PUR tests increases as the time

series length increases.
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Table 7.3: Bootstrap Power Evaluation with Intercept and Trend Case, at N=2 and

N=4
Panel A: N=2 Panel B: N=4
TL/Tests | DWH |[IPS |LLC | WT TL/Tests | DWH | IPS LLC | WT
100 100 | 100| 100 100 100 100 100 100| 100
50 100 100 100 88 50 100 100 | 100 | 99.48
25 100 | 1009476 | 71.8 25 100 100 | 100 | 77.48
10| 7438 | 653 59.78 | 54.1 10 | 9438 88| 74.415834

7.6. Bootstrap Empirical Powers with Intercept and Trend Terms, at N=4

A very similar picture has been displayed for almost all tests in Table 7.3 (Panel B) when
the number of cross sections is four (second data set). At small time series (T=10), DWH,
IPS, LLC, and WT tests have taken bootstrap empirical power of 94.38%, 88%, 74.4%,
and 58.34%, respectively. However, as the time dimension increases to 25 then DWH, IPS,
and LLC tests have attained their maximum bootstrap empirical power of 100% while WT
test has taken bootstrap empirical power equal to 77.48%. Further, at T=50 and T=100,
almost all test have attained their highest bootstrap empirical power equal to 100% which
has been also observed from simulations results in Chapter 06 that as the time series and

cross section length increases the power of PUR tests also increases.

7.7. Bootstrap Empirical Powers with Intercept and Trend Terms, at N=8

Table 7.4 (Panel A) investigates the bootstrap empirical power when the number of cross

secttons are eight (third data set). At T=10, DWH test has the highest empirical power of
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100% while LLC, IPS, and WT tests have attained their empirical power of 98.2%, 93.86%,
and 72.8%, respectively. As the time length increases to 25, then almost all tests have taken
their empirical power equal to 100% except WT test with 98% empirical power almost
equal to 100%. At T=50 and T=100, all best performing tests have bootstrap empirical
power equal to 100%. Table 7.4 (Panel A) concludes that as the time and cross section
length increases then bootstrap empirical power of PUR tests also increases, these results

are very similar to our simulation results of Chapter 06.

Table 7.4: Bootstrap Power Evaluation with Intercept and Trend Case, at N=8 and

N=16
Panel A: N=8 Panel B: N=16
TL/Tests | DWH |IPS |LLC | WT | TL/Tests | DWH |IPS LLC | WT
100 100 | 100 100 | 100 100 100 100 | 100 100
50 100 | 100 100 | 100 50 100 100 | 100| 100
25 100§ 100 100 98 25 100 100 | 100 100
10 100 | 98.2| 93.86| 72.8 10 100 100 | 100 | 79.01
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7.8. Bootstrap Empirical Powers with Intercept and Trend Terms, at
N=16

At very large cross section unit of sixteen countries (fourth data set) in this study, Table
7.4 (Panel B) demonstrates bootstrap empirical power of best performing PUR tests when
DGP and test equation have both intercept and trend terms. At small time series length
(T=10), only WT test has empirical power (i.e. 79.01%) less than 100% while all other
tests (DWH, IPS, and LLC) have bootstrap empirical power equal to 100%. At time series
length 25, 50, and 100, all best performing PUR tests have attained their bootstrap
empirical power of 100%. These results, at large cross section and time series length, are
very similar to our simulation results of Chapter 06 that as the number of cross section and

time length increases the power of PUR tests also increases

Table 7.3 and Table 7.4 show that as the number of cross section and time length increases
then bootstrap empirical power of tests also increases when data are generated with

intercept and trend terms.

7.9. Concluding Remarks

In this chapter, bootstrap empirical power evaluation of four best performing PUR tests
(DWH, IPS, LLC, and WT) have been carried out using four type of data sets under the
specification of both type of the deterministic terms. The empirical power evaluation of
these tests have been demonstrated using purchasing power parity hypothesis by utilizing
bootstrap method. In the case of intercept term only, Table 7.1 and Table 7.2 conclude that
DWH test has least empirical power of 67.1% at T=10 and at high time series level this

empirical power is observed as 100% when the number of cross section units are 2.
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Similarly, IPS and LLC tests have the same phenomenon with least bootstrap empirical
power of 60% and 47.96% when T=10 and highest empirical power of 100% when T=100
at N=2, respectively. However, WT test with the least empirical power of 54.06% at T=10
and highest empirical power of 95% at T=100 has the least empirical power at every time

series length as compared to other three tests when N=2.

As the number of cross section units increases then each PUR test gains much power at
each stage of increasing time series level. At large cross section unit (N=16) of this study,
DWH, IPS, and LLC tests have gained 100% empirical power even at small time series
level of 10. However, WT test has 67% empirical power at T=10 but as the time series
level increases to 50 and 100 then power of this test statistic is observed 100% at N=16.
These results present similar picture as has been observed in Chapter 06 of our simulation
study which explains 100% power for almost all tests as the number of time series and

cross section units increases if DGP and test equation has intercept term only.

Similarly, Table 7.3 and Table 7.4 indicate empirical power evaluation of PUR tests in the
presence of both of the deterministic term in the DGP and test equation. These results
display the same picture as have been observed in case of intercept term only. At small
time series (T=10) and cross section unit (N=2), DWH, IPS, LLC, and WT tests have the
least empirical power 74.38%, 61.3%. 49.78%, and 54.1%. respectively. However. as the
time dimension increase to 50 and 100 then empirical power of DWH, IPS, and LL.C tests
have been observed as 100% while WT test is observed with bootstrap empirical power of

88% at T=50 and 100% at T=100.

At very large cross section all these PUR tests achieve maximum bootstrap empirical power

of 100% from small to large time series level. All these results are parallel to results of
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simulation study of Chapter 06 that as the number of cross section and time series length
increases the power of PUR tests also increases in the presence of both of the deterministic

terms.
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Chapter 08

Conclusions and Recommendations

This chapter summarizes and discusses the overall results of the study for the both (i.e.
tests having the null hypothesis of PUR and null hypothesis of stationary) categories of
PUR tests to mention some recommendation for the future research in the field of

econometrics.

8.1. Key Conclusions

In Chapter 04, empirical size of twenty four tests have investigated using asymptotic
critical value for different combination of time series and cross section units. Out of these
twenty-four tests, eighteen belongs (i.e. MP, PS, BNG, CH, CHO, LLC, BU, IPS, MW, CIPS,
DWH, RMA, LW, DH, CIPS_star, WT, OS, and WL) to the null hypothesis of unit root and
the remaining tests belong to the null hypothesis of stationary. It is concluded from PUR
tests having the null hypothesis of unit root that sixteen tests have unstable size at small
time dimension while at very large time dimension majority of these tests become stable.
Only two tests (MW and CHO), based on p-value, have stable size around nominal size of

5% at all combination of cross section and time series length.

Similarly, all tests (HD, HL, HLM, KK, S8, and DHT) having the null hypothesis of
stationary have unstable and convergence pattern of their empirical size as the time
dimension increases from small to large with each level of cross section unit. At small,
medium, and large time series dimensions, four of the tests have unstable size from nominal

size of 5% while only HD and HL tests become stable at large time series and cross section
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units. Overall, an unstable empirical size has been observed for almost all tests when

asymptotic critical value is used to calculate the size of the tests.

In order to get a stable size, in Chapter 05 size of twenty-four PUR tests (i.e. tests having
the null hypothesis of unit root and null hypothesis of stationary) have been assessed by
using simulated critical value. In which eighteen tests (i.e. MP, PS, BNG, CH, CHO, LLC,
BU, IPS, MW, CIPS star, CIPS, DWH, RMA, LW, DH, WT, OS, and WL) belong to nuil
hypothesis of PUR while six tests (i.e. HD, HL., HLM, KK, SS, and DHT) are from the
category of null hypothesis of stationary. A time dimension of 10. 25. 50, and 100 for the
cross section level of 2, 4, 8, 16, and 32 have used to evaluate the size performance of both

type of tests for two different situations.

In first situation all PUR tests have analyzed by using DGP only with intercept term, and
in the second situation DGP with intercept and trend terms have been utilized to examined
size stability for all possible combination of time series and cross section level. First, the
size of eighteen PUR tests having the null hypothesis of unit root has been analyzed with
intercept term only. It is concluded that size of all eighteen tests are stable around nominal
size of 5% when simulated critical value is used. This stabilized size varies from 4% to 6%
for almost all tests either time series level is small, medium or large for all cross section
units. Second, tests having the null hypothesis of PUR have analyzed for small to large
sample sizes corresponding to each cross section level when data are generated in the
occurrence of both of the deterministic terms. It is concluded that all tests have a stable size
approximately equal to nominal size of 5% for all combination of time series and cross

section units.
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Similarly, six PUR tests having the null hypothesis of stationary are examined and the same
results are obtained as described for the PUR tests having the null hypothesis of unit root.
In the first section, size of stationary tests has been analyzed when data are generated in
the presence of intercept term only. It is concluded that all six stationary tests for different
level of time series (i.e. small, medium and large) and cross section units (small, medium

and large) have an approximate stabilized size equal to nominal size of 5%.

Similarly, the results of stationary tests when data are generated both with intercept and
trend terms have the same remedy as have been explained with drift term only. At sample
size 10, 25, 50, and 100 for different cross section units 2, 4, 8, 16, and 32, we have
observed a stabilized size which varies from 4% to 6% and are approximately equal to
nominal size of 5%. Overall, these results conclude that a stabilized size equal to nominal
size of 5% corresponding to PUR and panel stationary tests to avoid from the problem of
over and under rejection which do exist if asymptotic critical value is used. In short, we
have seen that size of both type of PUR tests have been controlled by using simulated

critical value.

Chapter 06 of this study has analyzed Monte Carlo power comparison of both type of PUR
tests under the newly introduced criterion i.e. stringency criterion discussed by Zaman
(1996). According to stringency criterion a stabilized size is needed, which is achieved in
Chapter 05, to compare PUR tests for the null hypothesis of PUR and null hypothesis of
stationary, a Neyman Perason (NP) test for both type of tests have been discussed. Power
comparison for both type of tests has carried out for cross section units 2, 4, 8, 16, and 32
with different time dimension 10, 25, 50, and 100 using DGPs with intercept term only and

with both intercept and trend terms. At first, we have made a standard to categorize tests
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according to their MSC performance. A test is named as best performing test if it has MSC
in between 0% to 10%. Similarly, test having MSC greater than 10% but less than or equal
to 50% are assigned as mediocre performing test. Lastly, a test is known to be a worst

performing test if its MSC are greater than 50%.

A time series effect over the cross section units of PUR tests having the null hypothesis of
unit root have been analyzed with respect to MSC when data are generated with only
intercept term for N=2, 4, 8, 16, and 32 with time series T=10, 25, 50, and 100. When data
are generated with only intercept term for PUR test with the null hypothesis of unit root
then approximately all tests have minimal difference from power envelope at large time
series and cross section unit. When cross section dimension is very small (i.e. N=2 and
N=4) then all tests have convergence pattern as the time series approaches from 10 to 100,
excluding PS test is identified as the worst performing test for all time and cross section
dimensions. As the time series and cross section length become large, the number of worst
performer and mediocre performer tests decreases while the number of best performer tests

increases.

The findings of this study indicate a lot number of best performer PUR tests (i.e. seventeen)
at large time series (T=100) and cross section (N=32) dimensions, hence there is need to
select such a cross section and time series combination which is most favorable to detect a
few best performer tests having MSC less than 10%. So, a time series length of 25 and
cross section length of 4 and 8 have been kept as standard to further tight the criteria of
best performer test and picked the most favorable best performing tests from over all
possible combination of time series and cross section units. Also, the combination of N=4,

8 and T=25 are not very small and very large in our study, since this study is based on finite
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sample sizes, to evaluate the performance of panel tests in the best tests class. According
to obtained results, there are four tests which satisfy this benchmark criteria, these tests are:
DWH, IPS, LLC, and WT tests if the effect of time series over cross section units is
evaluated. In other words, if the number of observations are 50 or 100 then these four tests
are better to use as compared to other PUR tests in the case of deterministic drift term only.
Most importantly, PS test is identified as worst performer test at all level of time series and

cross section combinations.

When data are generated in the presence of both of deterministic terms for the null
hypothesis of PUR tests to see the effect of time series length over cross section units then
results are very similar as noticed in the case of with intercept but without trend model. As
sample size increases from 10 to 100 then the number of best performer tests also increases
while the number of mediocre and worst performer tests decreases at each level of cross
section units. At large number of time series (T=100) and cross section (N=32) lengths the
number of best performer tests reaches to sixteen, hence a benchmark of T=25 against N=4
and N=8 have been selected to further find most favorable best performer tests. Overall
analysis according to assigned benchmark suggests DWH, IPS, LLC, and WT tests as best
performing tests for all combination of varying time series level and fixed cross section
units. There is only one test (PS) which performs poorly according 1o its MSC for all level

of time series and cross section dimensions.

A similar results have obtained over the cross section effect on time series levels in the
cases when both of deterministic terms are taken into account corresponding to PUR test
having the null hypothesis of unit root. In the presence of drift term only, PUR tests having

the null hypothesis of unit root have been evaluated and it is found that the number of best
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performing tests increases while the number of mediocre and worst performer tests
decreases as the cross section lengths varies from small to large for the large time
dimension of 100. At large combination of cross section and time series dimension
seventeen tests (i.e. BNG, BU, CH, DH, DWH, IPS, CIPS, LL.C, MP, MW, CHO, WL,
LW, WT, OS, CIPS_star, and RMA) have categorized as best performer tests according to
their MSC of less than 10%. A benchmark of N=4 against T=25 and N=8 against T=25
have been taken to further tighten the best tests criteria and find the most favorable best
performing tests. This benchmark is taken from moderate number of cross section and time
series units which are not very small and not too large. According to this criteria, DWH,
IPS, LLC, and WT tests have been identified as the best performing tests over other best
performing tests at small, medium and large cross section as well as time series units.
However, PS test with MSC over 50% has been ranked as worst performing test at each

level of cross section unit for all time series length.

In the presence of both of deterministic terms (i.e. drift and trend terms) for PUR tests
having the null hypothesis of unit root a similar situation has been concluded as has been
observed when only drift term is present in the test equation and DGP to observe the effect
of cross section units over fixed level of time series. It is observed that as the number of
cross section and time series units vary from small to large then the number of worst
performer and mediocre performer tests shrink while the number of best performer tests
increases. These findings show a lot of number of PUR tests lying in the category of best
performing tests as the time series and cross section length reaches to 100 and 32
respectively the number of best performing tests at that combination are sixteen (i.e. BNG.

BU, CH, DH, DWH, IPS, CIPS, LLC, MP, MW, CHO, WL, LW, WT, OS. and CIPS _star).
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Again, a benchmark of N=4 against T=25 and N=8 against T=25 has been taken to find the
best performer tests which are most favorable at small sample sizes as well. Our results
have concluded that DWH, IPS, LLC, and WT tests are assigned as best performing tests
according to their MSC behavior over the assigned benchmark combination of N=4 and
N=8 corresponding to T=25. However, our analysis also indicate PS test as worst

performing test at each level of cross section and time series length.

These results of tests having the null hypothesis of PUR have revealed that effect of time
series and effect of cross section units over PUR tests have the same results in both cases
of deterministic terms (i.e. with drift term only, and with drift and trend terms). In both
cases, DWH, IPS, LLC, and WT tests are identified as best performing tests according to
assigned benchmark criteria of T=25 against N=4 and N=8 among best performing tests.
Also, the results show that majority (i.e. excluding one or two worst performer tests) of the
PUR tests having the null hypothesis of unit root are ranked as best performing tests at
large time series (T=100) and cross section length (N=32). However, at all possible
combinations P8 test is ordered as worst performing test with almost no improvement in

its pattern.

This study has also evaluated the performance of PUR tests having the null hypothesis of
stationarity with respect to MSC for different combination of time series and cross section
units. In this part of comparative study the effect of time series has been evaluated for the
tests having the null hypothesis of stationarity to categorize best, mediocre and worst
performer tests for different combinations of time series and cross section units, When data
are generated with an intercept but without a trend then it is observed that only HD and HL

tests show an approximate declining phenomena for their MSC for all cross section units
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as the sample size varies from small to large. Both of these tests are ranked as better
performing tests at sample size 10, 25, 50, and 100 when number of cross sections are 2.
Even though, HD and HL tests are ranked as best performing test corresponding to N=2,
however, both of these have classified as better mediocre tests in the mediocre tests
category with respect to their MSC. Moreover, HLM, KK, SS, and DHT tests with slowly
divergence behavior, are the poor performing tests being in the category of mediocre tests
according to their observed MSC as the sample size increases from small to large.
Therefore, if the data are generated with intercept but without trend then HD and HL tests
are most preferable tests over other four tests, as both of these tests have minimum
discrepancy from power envelope for all cross section units as the time dimension
increases. Also, HD test is identified as most stringent test for most of the cross section and

time series levels having minimum value of MSC as compared to other stationarity tests.

If the data are generated both with intercept and trend terms for the PUR tests having the
null hypothesis of stationary to observe the effect of time series then two (i.e. HD and HL)
of the stationary tests perform better as compared to other four (i.e. HLM, KK, SS, and
DHT) tests as the sample size increases for different level of cross section units. [t is also
observed that HD and HL tests with convergence pattern have less distance, especially at
large sample size, from power envelope for all cross section units and are preferable over
other stationary tests when data are generated in the presence of both of deterministic terms.
Also, three tests (KK, SS, and DHT) show a decreasing pattern as the sample size gets
larger but overall results indicate that DHT test is more close to HD and HL tests as the
number of cross section and time series level increases. However, HLM test with a constant

behavior of its MSC over all time series corresponding to each cross section unit is
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identified as bad performing test among the mediocre tests class. Among the tests having
the null hypothesis of stationary no single test has identified as worst performing test at all
combination of time series and cross section units. Also, no single test has fulfilled best

test criteria corresponding to MSC performance excluding HD and HL tests only at N=2.

Similarly, the effect of cross section units over fixed level of time series for PUR tests
having the null hypothesis of stationary have the same remedy as has been concluded in
the presence of the effect of time series dimension for panel stationary tests. When DGP
and test equation both have drift term only then HD and HL tests with convergence pattern
of their MSC over varying level of cross section units are detected as better performing
tests among four (HLM, KK, SS, and DHT) other stationary tests. Out of these two best
performers, HD test with minimum value of its MSC over varying level of cross section
units is identified as most stringent test. Also, as the number of cross section increases then
the pattern of KK, SS, and DHT tests gain convergence pattern and at very large number
of cross section and time series length these four tests will eventually lie in the best tests
category beside HD and HL tests having their MSC very close to zero. However, HLM test
with approximately constant behavior of its MSC over cross section units is assigned as

bad performing test being in the category of mediocre tests.

When both of the deterministic terms (i.e. drift and trend) are taken into account in the
DGP and test equation, the effect of cross section units on the performance of PUR tests
having the null hypothesis of stationary with respect to MSC concludes that HD and HL
tests with convergence pattern are identified as best performing tests in the category of
mediocre tests having minimum value of their MSC as compare to other four mediocre

stationary tests (HLM, S8, KK, and DHT). The MSC of HD and HL tests at N=2 for all
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time series level are less than 10% and are identified as best performing tests at that cross
section unit for each level of time series but as the number of cross section increases these
tests lose their position in the best performing test class and have identified as mediocre
performer tests with each level of time series. Moreover, these tests are ranked as better
performing tests being in the class of mediocre tests among HLM, SS, KK, and DHT tests.
However, HD test with minimum value of its MSC at each level of cross section unit is
detected as most stringent test. A convergence pattern has been observed for KK, SS, and
DHT tests as the number of cross section and time series dimension increases. While, HLM
test with its high MSC value at each level of cross section unit over the time series level is

classified as bad performer test in the category of mediocre tests.

These results for the PUR tests having the null hypothesis of stationary conclude that the
effect of time series and cross section units over performance of panel stationarity tests are
same with respect to MSC at each combination of time series and cross section units in
both of the deterministic cases. These findings show HD and HL tests as the better
performing tests with convergence pattern corresponding of their MSC if the effect of time
Series or cross section units are taken into account, however, HD test with minimum value
of its MSC at each combination of cross section and time series unit is identified as most
stringent test. While, HHLM test with its position in mediocre tests category has remained

the bad performer test if the effect of time series or cross section units are analyzed.

Overall results of both type of tests (i.e. PUR and stationary tests) indicate that the effect
of time series and cross section units over the MSC performance are same in both cases of
deterministic terms. These findings have suggested DWH, IPS, LLC, WT, HD, and HL

tests as best performing tests from the rest of other tests with respect to their MSC in the
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presence of both cases of deterministic terms if the effect of either time series or cross
section units are taken into account. Out of these six best performing tests, first four belongs
to null hypothesis of PUR while the last two belong to null hypothesis of panel stationarity.
More importantly, due to high power of PUR tests having the null hypothesis of unit root
over panel stationarity tests of this study findings justify the results of existing literature
about the poor performance of panel stationarity tests. Hence, PUR tests having the null
hypothesis of unit root are more preferable to use then panel stationarity tests in real world

applications.

An empirical evaluation of best performing tests having null hypothesis of unit root have
been discussed using constructed real exchange rate data from nominal exchange rate and
consumer price index of the domestic country and foreign country data by applying
bootstrap method in the last chapter of this study. A monthly data is taken from January
2010 to April 2018 for Belgium, Finland, France, Germany, Ireland, Italy, the Netherland,
Spain, Denmark, Iceland, Norway, Sweden, Switzerland, the United Kingdom, and the
United States from IFS database. It is observed that all best performing tests have
increasing pattern of their empirical power as the time series level progress from small
(T=10) to large (T=100) corresponding to each cross section unit (i.e. N=2, 4, 8, and 16).
At small time series and cross section level all tests have empirical power greater than 50%
but as the time dimension increases to 100 then three of the tests achieves 100 percent
power. However, as the number of cross section reaches to 16 then at T=50 and T=100
almost all test have 100% empirical power whether data are generated with intercept term
only or both intercept and trend terms. These empirical results justify our results of

simulation study of Chapter 06.
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8.2. Recommendations

We have observed from the findings of this study that simulated critical value gets a
stabilized size for all PUR tests either number of cross sections and time series are small,
medium or large. We investigate a stabilized size when data are generated in the presence
of only intercept term and then in the occurrence of both of the intercept and trend terms,
and we observed that in both situations size of all PUR tests (i.e. tests having the null
hypothesis of unit root and null hypothesis of stationary) are stable around nominal size of
5%. If a researcher uses asymptotic critical value instead of simulated critical value then a
greater number of size distortions can be observed for majority of PUR tests. So, we
recommend avoiding over rejection problem for both type of tests (i.e. tests having the null
hypothesis of unit root and null hypothesis of stationary), use simulated critical value rather
than to use asymptotic critical value for any combination of cross section and time series

levels,

From power evaluation point of view, our simulation study recommends four PUR tests
having the null hypothesis of unit root to be used in applied research for different level of
time series and cross section combinations in the presence of both of the specification of
deterministic terms. These tests are DWH, IPS, LLC, and WT having MSC less than 10%
whether number of cross section and time series is small or large. In simple words, if the
number of observations is 50 or 100 then these four tests are better to apply as compare to
other tests. However, if the number of observation are greater than 100 then almost all tests

are recommend to apply, excluding the PS test with its worst performance.

Likewise, in the PUR tests having the null hypothesis of stationary, HD and HL tests are
recommended to practice if time series and cross section dimensions are small, medium or
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large in both cases of specification of deterministic terms. Also, our findings recommend

HLM test as the worst performing test and is avoided to use in practice.

Overall, it is also concluded from the results that PUR tests having the null hypothesis of
unit root performed better as compared to PUR tests having the null hypothesis of
stationary. Hence, it is recommended that tests having null hypothesis of unit root may be

given priority over tests having null hypothesis of stationary.

8.3. Directions for Future Research

In this comparative simulation study, we have studied the performance of PUR and
stationary tests using two different DGPs for each category of tests to find the most
stringent tests which needs point optimal tests under stringency criterion. For future
research study, a single DGP can be used to develop a point optimal test for both categories
of tests and, to evaluate the size and power performance of PUR tests under stringency
criterion. We have taken simple DGP with heterogeneous panel and with no cross sectional
dependence situation, in future a research can be conducted to compare PUR tests using a

cross sectional dependence DGP.

Also, in our study, we have observed that at small time series and cross section dimensions
there is a huge gap between point optimal tests and PUR tests. So, there is a need to develop
a PUR test having appropriate maximum power at small time series and cross section

length to minimize the gap.
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Appendix
Appendix-A

Table A.1: Power Analysis of Stationarity Tests with Drift but without Trend, at N=2,

T=10 and T=25
Panel A: T=10 and N=2

¢ | HD HL HLM KK SS DHT PPO Test
0 27.68 27.54 25.82 27.24 22.32 17.3 37.54
0.1 24.18 23.91 23.1 24.74 17.52 15.14 32.54
0.2 22.12 21.58 20.48 21.1 14.56 13.54 30.88
0.3 19.9 17 18.44 17.22 12.64 12,18 2512
0.4 17.68 14.94 15.16 14.26 11.54 10.24 23.52
0.5 14.52 13.12 13.7 11.64 10.98 9.18 20.98
0.6 12.7 11.1 11.96 10.64 9.9 8.64 15.94
0.7 10.72 9.74 9.36 9.9 8.24 7.5 12.96
0.8 9.72 8.26 8.24 8.02 7.22 6.78 10.84
0.9 7.14 7.22 7.24 7.76 6.76 5.34 9.7
1 4.84 4.68 4.44 4.88 422 522 5.08

Panel B: T=25 and N=2

¢ | HD HL HLM KK SS DHT PPO Test
0 80.76 79.92 64.42 67.7 71.42 63.04 89.68
0.1 73.98 71.88 53.7 57.06 55.38 55.03 81.78
0.2 64.26 63.96 43.96 50.4 50.08 45.82 72.38
0.3 52.66 52.84 38.98 43.78 44.78 35.6 61.22
0.4 39.64 40.06 31.36 36.58 36.32 26.92 48.92
0.5 30.46 29.98 24.36 28.48 294 21 38.98
0.6 20.78 21.98 19.9 22.72 21.78 15.6 29.82
0.7 14.22 15.26 13.96 18.74 15.16 10.88 20.06
0.8 11.14 11.14 10.56 12,12 11.82 9.26 16.98
0.9 8.92 7.3 6.8 8.64 8.76 6.22 12.98
1 5.34 4.84 5.26 6.12 4.58 4.08 4.4
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Table A.2: Power Analysis of Stationarity Tests with Drift but without Trend, at N=2,

T=50 and T=100

Panel A: T=50 and N=2

@ | HD HL HLM KK SS DHT PPO Test

0 99.64 99.32 79.66 95.64 91.14 89.42 100
0.1 98.74 97.62 73.76 90.76 84.94 83.46 100
0.2 96.4 93.52 66.99 80.74 77.78 75.58 97.34
0.3 89.22 85.78 59.98 69.04 62.94 65.08 90.32
0.4 77.74 72.04 48.99 54.44 52.98 52.68 79.5
0.5 61.44 57.08 35.64 393 42.72 39.48 63.92
0.6 44.9 40.8 25.88 29 28.72 28.34 49.16
0.7 27.8 25.6 16.3 18.84 19.78 19.7 32.3
0.8 16.8 15.7 12.64 12.66 12.16 12.64 20.72
0.9 8.96 8.38 8.6 8.64 8.02 8.06 14.98

1 4.92 5.02 5.5 4,94 4.9 4.92 4.88

Panel B: T=100 and N=2

¢ | HD HL HLM KK SS DHT PPO Test

0 100 100 97.64 100 100 100 100
0.1 100 99.98 87.92 100 100 97.8 100
0.2 99.5 99.88 80.92 9788 99.96 91.64 100
0.3 98.08 98.76 73.12 91.48 92.46 83.64 99.64
0.4 96.02 95.36 66.64 80.44 79.76 70.22 96.86
0.5 88.56 85.14 59.9 64.76 67.94 62.92 90.42
0.6 70.34 65.88 43.68 45.1 49 46 44 96 70.56
0.7 48.86 43.1 33.2 29.68 22 29.76 49.56
0.8 27.08 253 25.98 16.64 17.42 14.98 27.74
0.9 10.86 10.08 12.42 9.9 10.68 922 16.48

1 5.3 5.5 5.36 5.44 5.26 4.5 5.76
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Table A.3: Power Analysis of Stationarity Tests with Drift but without Trend, at N=4,

T=10 and T=25
Panel A: T=10 and N=4

¢ | HD HL HLM KK SS DHT PPO Test

0 51.92 52.46 39.5 49.38 49,33 34.04 75.5
0.1 40.48 39.54 36.5 39.66 46.62 28.48 61.54
0.2 34.7 31.98 33.14 32.2 40.4 23.18 54.38
0.3 28.06 22.08 27.04 29.36 35.64 19.66 47.52
0.4 23.38 18.26 23.54 24.16 31.58 16.16 37.6
0.5 19.42 14.8 19.36 20.82 15.6 12.6 29.68
0.6 16.16 12.48 16,12 18 13.14 10.76 21.24
0.7 12.34 10.16 13.1 13.86 11.68 9.3 15.9
0.8 10.22 8.38 10.42 10.88 9.38 8.06 13.84
0.9 7.94 7.18 7.86 7.96 7.9 7.44 11.99

] 5.2 4.62 4.22 5.88 4.42 5.14 4.8

Panel B: T=25 and N=4

¢ | HD HL HLM KK SS DHT PPO Test

0 95.12 94 98 62.96 97.02 89.64 78.84 100
0.1 90.14 90.58 57.84 93.26 83.76 71.78 99.06
0.2 82.54 82.06 50.2 8498 76.72 63.18 97.08
0.3 71.82 70.82 45.96 73.24 66.54 51.68 02.86
0.4 60.95 58.94 355 62.04 57.96 40.96 83.04
0.5 44.02 429 27.76 41.78 4732 31.1 67.46
0.6 27.82 30.96 21.74 30.06 34.66 23.04 48.64
0.7 18.5 19.7 14.98 21.22 26.92 16.04 33
0.8 11.9 14.06 11.91 13.48 19.5 10.48 24.84
0.9 7.44 8.7 8.76 9.98 10.64 7.54 14.38

1 4.42 5.12 4.6 4.22 4.82 4.86 4.44
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Table A.4: Power Analysis of Stationarity Tests with Drift but without Trend, at N=4,

T=50 and T=100

Panel A: T=50 and N=4

¢ | HD HL HLM KK SS DHT PPQO Test

0 100 100 85.16 100 100 97.38 100
0.1 9998 999 78.16 100 98.16 94.7 100
0.2 99.78 98.98 69.02 99.48 03.46 89.58 100
0.3 98.4 95.28 60.2 96.64 85.22 80.34 99.92
0.4 92.18 86.98 53.28 89.9 72.34 67.1 98.52
0.5 79.68 72.54 46.26 74.68 66.96 52.22 94.22
0.6 61.16 58.56 33.04 55.08 53.92 37.98 80.24
0.7 36.72 33.42 24.26 36.72 38.84 24.92 56.44
0.8 21.2 19.78 19.6 21.12 25.16 15.52 31.1
0.9 11.44 0.76 13.6 13.82 14.76 9.02 17.86

] 5.6 448 4.88 5.52 54 5.2 5.4

Panel B: T=100 and N=4

@ | HD HL HLM KK S8 DHT PPO Test

0 100 100 98.38 100 100 100 100
0.1 100 100 90.38 100 100 100 100
0.2 100 100 83.98 100 100 97.62 100
0.3 100 99.82 76.14 99.98 100 94.04 100
0.4 99.82 98.76 68.98 98.86 997 §5.32 100
0.5 97.96 92.18 59.64 93.12 88.34 70.32 99.88
0.6 87.38 79.06 49.81 76.84 70.91 55.58 97.8
0.7 69.04 63.3 37.23 57.94 56.42 41 83.88
0.8 38.66 37.44 28.02 294 33.74 20.74 52.3
0.9 14.74 12.54 16.14 17.24 17.94 15.32 25.7

] 4.84 4.86 5.6 494 4.94 5.96 4.72
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Table A.5: Power Analysis of Stationarity Tests with Drift but without Trend, at N=8,

T=10 and T=25
Panel A: T=10 and N=8

@ | HD HL HILLM KK SS DHT PPO Test

0 72.74 74.86 58.04 75.98 67.95 54.46 92.58
0.1 69.64 68.56 52.36 63.98 62.96 45.96 88.4
0.2 62.24 63.78 46.78 56.92 57.72 36.5 79.04
0.3 57.16 58.72 40.66 4796 50.66 30.14 69.72
0.4 51.06 51.1 34.94 39.96 4424 23.1 62.08
0.5 43,96 44.66 27.36 27.04 35.92 18.26 49.46
0.6 354 35.68 22.2 21.24 27.84 14 38.72
0.7 24.36 23.38 17.28 16.08 23.12 12.12 29.64
0.8 16.88 18.94 12.02 13.4 17.22 0.16 17.62
0.9 9.04 8.8 8.92 10.56 11.86 8.62 13.98

1 4.94 5.52 4.36 4.76 5.46 4.58 4,96

Panel B: T=25 and N=8

¢ | HD HL HLM KK SS DHT PPO Test

0 100 100 76.6 100 99.3 96.84 100
0.1 98.44 97.9 71.04 100 97.02 93.72 100
0.2 95.56 93.24 64.28 08.78 62.92 87.42 0998
0.3 91.16 82.72 58.26 94.92 83.18 78.26 99.24
0.4 82.52 78.72 49,96 84.56 70.94 64.9 95.84
0.5 69.92 71.96 43,99 68.28 64.94 47.14 89.7
0.6 54,04 53.88 36.2 4932 46.95 36.2 73.7
0.7 324 32.96 24.84 3146 33.96 23.44 51.12
0.8 18.88 17.8 15.1 20.08 233 14.3 29.1
0.9 11.64 10 10.91 12.38 12.28 10.56 18.92

1 5.06 492 4,56 4.98 4.58 5.28 5.4
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Table A.6: Power Analysis of Stationarity Tests with Drift but without Trend, at N=8,

T=50 and T=100

Panel A: T=50 and N=8

¢ | HD HL HLM KK SS DHT PPO Test
0 100 100 94.58 100 100 100 100
0.1 100 100 88.04 100 100 100 100
0.2 100 100 83.58 100 100 98.64 100
0.3 100 100 78.04 99.94 96.42 95.72 100
0.4 99.76 98.74 70.96 99.02 89.42 88.22 100
0.5 96.86 93.04 59.38 94.56 73.08 74.7 09.44
0.6 84.4 77.6 47.99 80.32 69.08 51.62 94.56
0.7 59.56 58.36 33.48 50.08 48.78 34.42 76.02
0.8 333 29.9 20.68 29.68 32.12 20.8 47.72
0.9 14.36 13.12 15.66 15.52 16.24 13.96 23.62
1 5.32 4.74 4.96 5.4 442 5.66 5.34

Panel B: T=100 and N=8

¢ | HD HL HLM KK SS DHT PPO Test
0 100 100 100 100 100 100 100
0.1 100 100 99.82 100 100 100 100
0.2 100 100 93.82 100 100 99.9 100
0.3 100 100 85.22 100 100 99.28 100
0.4 100 100 78.56 100 100 96.94 100
0.5 99.94 09.32 69.88 100 95.18 88.18 100
0.6 98.66 94 59.66 96.54 79.08 70.54 99,78
0.7 85.92 79.24 48.95 77.9 68.94 53.94 95.98
0.8 63.42 57.56 34.04 46.86 4572 29.54 72.88
0.9 22.34 21.86 19.46 19 19.96 15.98 36.72
1 5.18 4,52 5.6 6.26 5.06 5.38 4.42
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Table A.7: Power Analysis of Stationarity Tests with Drift but without Trend, at

N=16, T=10 and T=25

Panel A: T=10 and N=16

@ | HD HL HIL.M KK SS DHT PPO Test
0 92.06 91.04 79.5 09.58 99.99 78.22 100
0.1 87.06 84.32 71.3 92.06 95.46 71.46 100
0.2 81.88 81.88 65.86 82.58 88.58 63.08 98.64
0.3 76.98 76.92 58.98 73.04 77.91 53.06 05.58
0.4 69.98 68.96 52.96 65.94 68.94 47.91 88.24
0.5 55.84 55.74 43.52 52.92 49.95 34.18 74.58
0.6 41.44 3948 36.08 37.96 33.98 22.8 58.44
0.7 28.98 26.4 30.42 24.32 24.78 16.26 43.98
0.8 23.38 21.82 23.92 17.82 19.54 10.74 30.98
0.9 15.78 14.58 14.32 13.22 13.92 11.6 20.91
1 5.36 4,78 4.86 4.56 4,72 5.58 4.64

Panel B: T=25, N=16

@ | HD HL HLM KK SS DHT PPO Test
0 100 100 97.5 100 100 100 100
0.1 100 100 93 100 100 100 100
0.2 100 100 84.82 100 100 100 100
0.3 99.8 99.86 75.46 100 08.74 97.36 100
0.4 97.74 98.9 66.3 99.24 94.08 91.08 99.9
0.5 88.38 93.52 57.18 94.88 82.68 78.12 09944
0.6 76.92 77 49.68 77.92 70.56 60.7 95.42
0.7 58.93 57.93 38.82 53.68 53.86 33.96 76.86
0.8 33.66 29.6 27.08 28.72 32.34 24.18 472
0.9 17.46 14.46 17.49 16.82 15.96 12.1 27.76
1 4,52 4.94 5.24 5.24 5.02 5.02 100

260




Table A.8: Power Analysis of Stationarity Tests with Drift but without Trend, at

N=16, T=50 and T=100

Panel A: T=50 and N=16

¢ | HD HL HLM KK SS DHT PPO Test
0 100 100 100 100 100 100 100
0.1 100 100 100 100 100 100 100
0.2 100 100 9922 100 100 100 100
0.3 100 100 94.14 100 100 99.96 100
0.4 100 100 87.76 100 160 99.16 100
0.5 99,98 99.76 81.32 99.92 99.32 95.58 100
0.6 08.48 96.76 73 97.62 86.79 83.72 99.9
0.7 86.68 80.62 50.42 82.64 71.98 60.5 97.18
0.8 58.76 57.28 3594 49.54 48.48 30.72 73.7
0.9 204 23.4 19.12 19.1 19.76 16.3 30.44
1 5 4.3 4.94 4.86 4.46 5.6 4.54

Panel B: T=100 and N=16

@ | HD HL HLM KK SS DHT PPO Test
0 100 100 100 100 100 100 100
0.1 100 100 100 100 100 100 100
0.2 100 100 100 100 100 100 100
0.3 100 100 100 100 100 100 100
0.4 100 100 91.16 100 100 9998 100
0.5 100 100 87.12 100 100 99.12 100
0.6 100 99,98 80.84 99.96 08.12 93.9 100
0.7 98.96 96.36 65.74 97.66 87.7 74.92 99.98
0.8 82.28 79.96 48.02 70.04 69.74 52.82 95.82
0.9 34.68 33.84 20.93 30.82 26.18 29.8 47.26
| 48 5.92 4.96 6.36 4.7 6 5.34
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Table A.9: Power Analysis of Stationarity Tests with Drift but without Trend, at

N=32, T=10 and T=25

Panel A: T=10 and N=32

@ | HD HL HLM KK SS DHT PPO Test

0 100 100 98.14 100 100 100 100
0.1 100 99.7 91.88 100 100 96.76 100
0.2 95.6 95.58 82.42 100 100 93.24 100
0.3 90.98 88.58 71.2 96.58 959 87.58 100
0.4 84.91 80.64 62.54 87.14 90.96 78.6 98.64
0.5 76.94 74.98 54.02 73.42 76.64 58.22 93.46
0.6 66.62 63.8 43.82 59.92 57.94 39.52 81.58
0.7 55.97 52.92 35.16 41.96 40.3 29.1 59.66
0.8 30.68 28.46 29.56 29.52 28.54 22.9 39.62
0.9 18.86 15.14 17.86 17.04 17.84 13.94 279

1 4.9 4.56 4.86 4.92 4.68 4.1 4.88

Panel B: T=25 and N=32

@ | HD HL HLM KK SS DHT PPO Test

0 100 100 100 100 100 100 100
0.1 100 100 100 100 100 100 100
0.2 100 100 94.66 100 100 100 100
0.3 100 100 91.68 100 100 100 100
0.4 100 100 86.8 100 100 99.62 100
0.5 99.52 99.82 78.14 99.86 08.28 97.12 100
0.6 94.36 93.54 66.8 97.64 89.06 82.76 99.66
0.7 78.96 80.94 54.54 81.42 70.38 54.5 94.68
0.8 56.96 52.02 38.96 48.42 45.92 27.44 69.96
0.9 23.1 20,98 22.28 23.3 204 17.9 34,32

1 5.32 4.92 5.26 4.44 4.9 498 5.02
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Table A.10: Power Analysis of Stationarity Tests with Drift but without Trend, at

N=32, T=50 and T=100

Panel A: T=50 and N=32

@ | HD HL HLM KK SS DHT PPO Test

0 100 100 100 100 100 100 100
0.1 100 100 100 100 100 100 100
0.2 100 100 100 100 100 100 100
0.3 100 100 100 100 100 100 100
0.4 100 100 94.32 100 100 100 100
0.5 100 100 874 100 99.84 99.98 100
0.6 100 100 78.42 100 97.82 98.3 100
0.7 98.92 97.72 63.76 08.94 83.46 86.74 99.86
0.8 78.94 76.28 49.38 72.06 65.19 49,52 92.14
0.9 32.32 30.38 28.24 34.02 24.02 22.72 42.82

1 5.04 4.48 5.2 6.12 4.96 4,7 54

Panel B: T=100 and N=32

@ | HD HL HLM KK SS DHT PPQO Test

0 100 100 100 100 100 100 100
0.1 100 100 100 100 100 100 100
0.2 100 100 100 100 100 100 100
0.3 100 100 100 100 100 100 100
0.4 100 100 99.98 100 100 100 100
0.5 100 100 92.18 100 100 100 100
0.6 100 100 81.68 100 99.6 99.86 100
0.7 100 99.92 69.16 99.96 92.6 96.5 100
0.8 98.5 93.82 56.14 85.5 72.12 69.34 99.7
0.9 60.88 56.96 37.98 48.02 46.76 27.97 70.7

1 5.26 4.72 4.82 4.76 4.46 4.3 4.84
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Table A.11: Power Analysis of Stationarity Tests with Drift and Trend, at N=2, T=10

and T=25
Panel A: T=10 and N=2

@ | HD HL HLM KK SS DHT PPO Test

0 25.5 24.3 24.04 23.96 23.45 19.18 35.74
0.1 23.2 22.68 23.06 22.38 21.99 18.08 31.48
0.2 21.5 20.62 21.9 19.84 19.13 16.54 29.18
0.3 19.12 17.36 18.6 17.84 17.12 14.86 24.66
0.4 17.36 15.5 16.54 15.88 14.27 13.54 22.7
0.5 15.32 13.22 14.08 13.9 12.95 12.62 20.24
0.6 13.8 11.14 12.22 11.78 10.74 10.76 16.18
0.7 10.76 9.76 10.26 9.32 8.91 9.14 13.02
0.8 8.72 8.66 9.82 7.9 7.39 7.24 11.86
0.9 7.01 6.42 7.74 6.76 6.71 6.88 9.62

1 4.96 53 5.22 542 4.52 4.94 4.9

Panel B: T=25 and N=2

@ | HD HL HLM KK S§S DHT PPO Test

0 81.76 78.1 58.58 69.62 57.06 74 89.04
0.1 74.69 73.06 53.88 56.58 49.66 65.54 84.26
0.2 64.42 67.6 47.22 46.24 42.4 56.94 73.68
0.3 52.98 56.28 41.82 38.5 36.76 47.7 62.6
0.4 44.52 45.44 35.76 29.2 31 37.36 52.6
0.5 30.08 35.7 30.12 22.24 27.18 28.62 37.06
0.6 22.58 29.88 25.8 16.62 23.62 20.18 32.54
0.7 16.78 18.5 19.36 12.92 16.72 14 18.64
0.8 11 12.54 12.32 8.72 11.98 9.98 14.5
0.9 7.54 7.66 8.78 7.16 8.92 7.3 11.6

1 5.08 4.66 5.74 5.1 4.7 4.94 4.78
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Table A.12: Power Analysis of Stationarity Tests with Drift and Trend, at N=2, T=50

and T=100
Panel A: T=50 and N=2

@ | HD HL HLM KK SS DHT PPO Test

0 994 99.54 74.91 93 .4 78.44 99.08 100
0.1 97.62 98.98 68.92 88.38 70.1 96.98 100
0.2 93.2 95.46 64.92 77.08 63.66 92.76 96.74
0.3 85.12 90.2 59.98 63.92 55.14 83.98 90.68
0.4 73.84 78.06 48.92 51.62 48.58 62.66 80.08
0.5 58.08 619 39.14 38.52 41.9 47.18 65.92
0.6 41.64 44,12 32.2 26.6 35.56 33.48 47.12
0.7 28.08 2642 27.26 16.56 25.74 22.46 34.28
0.8 16.38 15.18 18.74 11.96 14.8 14.64 18.38
0.9 9.66 10.04 10.46 7.56 10.46 8.44 13.08

1 5.12 5.14 4.38 5.1 5.04 47 5.18

Panel B: T=100 and N=2

@ | HD HL HLM KK SS DHT PPO Test

0 100 100 92.6 99.9 92.52 100 100
0.1 100 100 86.16 99.46 89.28 100 100
0.2 99.82 99.98 81.12 97.4 83.48 99.98 100
0.3 99.02 99.08 75.02 93.06 75.4 99.42 99.78
0.4 94.62 98.08 68.02 81.36 63.28 89.8 68.14
0.5 82.92 89.66 58.64 64.14 53.3 79.98 89.88
0.6 69.06 68.56 44 .92 46.34 41.48 58.96 75.56
0.7 49.01 48.6 35.6 27.66 27.36 33.08 52.26
0.8 26.54 273 23.64 16.64 16.36 21.9 29.82
0.9 13.26 12.7 14.8 8.58 10.56 12.14 17.1

1 4.76 5 5.88 4.92 5.62 5.04 4.46
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Table A.13: Power Analysis of Stationarity Tests with Drift and Trend, at N=4, T=10

and T=25
Panel A: T=10 and N=4

@ | HD HL HLM KK SS DHT PPO Test

0 49.46 46.9 38.84 44 .48 44.1 43.34 69.34
0.1 42 .88 42.44 35.8 37.52 41.89 38.1 65.28
0.2 37.76 37.01 32.82 30.6 37.57 33.76 54.46
0.3 32.66 33.58 27.28 25.2 32.4 28.2 48.7
0.4 27.98 28.06 24.56 20.64 279 22.94 36.74
0.5 22.22 23.44 21.68 15.64 22.39 17.86 26.8
0.6 17.38 18.5 18.84 12.7 17.21 14.4 22.06
0.7 12.9 13.96 14.46 0.68 12.89 11.22 16.88
0.8 94 10.04 10.72 7.54 9.09 9.24 11.72
0.9 7.78 8.32 7.96 6.22 7.76 6.56 9.3

I 4.94 4.72 4.78 49 5.11 5.24 5.62

Panel B: T=25 and N=4

@ | HD HL HLM KK SS DHT PPO Test

0 94.78 99.9 76.24 96.18 92.86 92.9 100
0.1 89.24 949 71.66 92.34 86.32 85.28 100
0.2 80.66 89.6 67.96 83.7 79.64 77.08 97.98
0.3 73.26 75.84 62.42 71.16 71.76 67.24 93.3
0.4 65.26 64.88 55.24 59.06 61.32 58.84 86.66
0.5 49.44 48.22 44,16 44,02 50.28 44.38 71
0.6 32.44 34.34 32.32 28.76 38.74 31.14 53.16
0.7 19.16 17.04 22.46 19.58 26.68 19.92 35.84
0.8 12 11.64 14.38 12.5 10.36 11.98 22.46
0.9 8.1 7.9 8.82 7.62 7.2 7.98 13.76

1 4.74 5.14 4.54 4.78 5.12 4.64 478
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Table A.14: Power Analysis of Stationarity Tests with Drift and Trend, at N=4, T=50

and T=100
Panel A: T=50 and N=4

¢ | HD HL HLM KK SS DHT PPO Test
0 100 100 94.66 100 100 100 100
0.1 100 100 89.44 99.94 98.28 100 100
0.2 100 100 82.54 99.4 93.84 999 100
0.3 94.44 98.04 76.64 97.62 86.52 98.7 100
0.4 86.82 93.76 68.8 90.3 79.42 04.28 98.96
0.5 74 81.14 60.82 75.76 69.92 83.16 94 .48
0.6 58.94 61.02 50.98 57.78 53.08 55.42 79.42
0.7 383 3822 36.24 33.06 36.66 34.8 59.56
0.8 23.02 22.3 21.9 20.22 21.92 21.44 32.5
0.9 9.52 11.34 12.84 10.8 8.54 10.92 17.5
] 4.86 5.38 4.82 4.92 4.9 4.56 5.52

Panel B: T=100 and N=4

@ | HD HL HLM KK SS DHT PPO Test
0 100 100 100 100 100 100 100
0.1 100 100 100 100 100 100 100
0.2 100 100 100 100 100 100 100
0.3 100 100 97.88 100 100 100 100
0.4 98.76 99.8 90.92 99.56 97.54 99.96 100
(.5 93.6 97.8 82.62 96.26 91.62 99.42 100
0.6 78.56 87.28 70.16 84.82 78.84 82.94 98.4
0.7 65.96 65.51 52.3 59.94 59.46 63.32 86.52
0.8 36.26 34.42 31.28 32.72 28.76 324 53.56
0.9 13.32 14.44 16.56 14.26 14.66 18.34 21.16
1 5.1 5.22 5.78 4.8 4.04 5.98 5.02
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Table A.15: Power Analysis of Stationarity Tests with Drift and Trend, at N=8, T=10

and T=25
Panel A: T=10 and N=§

@ | HD HL HLM KK SS DHT PPO Test
0 75.8 73.42 69.2 74.44 69.99 77.74 94.62
0.1 67.56 67.32 63.82 63.9 64.91 70.12 89.94
0.2 59.98 58.96 559 54.52 56.79 62.32 81.66
0.3 53.7 5191 42.6 45.94 4993 50.74 73.38
0.4 44.58 42.34 33.12 32.86 37.22 40.58 59.94
0.5 36.14 34.7 25.94 23.62 29.65 31.6 48.06
0.6 27.34 273 22.08 17.94 211 22.9 35.18
0.7 17.06 16.9 18.76 14.46 16.91 17.9 22.86
0.8 9.34 11.54 11.38 9.82 11.01 10.96 16.3
0.9 7.76 8.74 8.04 7.24 6.95 7.94 10.8
1 5.44 4.7 4.24 5.58 5.06 5.56 4.76

Panel B: T=25 and N=§

¢ | HD HIL HILM KK SS DHT PPO Test
0 100 100 98.3 100 98.38 100 100
0.1 100 100 90.04 100 95.38 100 100
0.2 98.14 98.02 82.6 98.62 89.36 69.7 100
0.3 93.64 93.28 74.34 95.32 81.72 98.22 100
0.4 83.74 81.96 66.54 85.16 72.48 91.98 97.26
0.5 67.96 68.42 57.98 64.56 63.92 78.98 89.88
0.6 49.94 46.18 42 49 4 49.16 50.06 71.62
0.7 31.3 30.14 32.08 31.44 29.28 30.98 494
0.8 19.52 17.18 19.42 17.32 17.16 18.78 27.4
0.9 10.08 9.52 12.06 9.7 11.58 10.34 18.14
1 4.9 5.1 5.2 5.1 4.52 5.18 5.46
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Table A.16: Power Analysis of Stationarity Tests with Drift and Trend, at N=8§, T=50

and T=100
Panel A: T=50 and N=8

¢ | HD HL HLM KK SS DHT PPO Test

0 100 100 100 100 100 100 100
0.1 100 100 100 100 100 100 100
0.2 100 100 97.6 100 100 100 100
0.3 100 100 92.46 100 100 100 100
0.4 98.96 994 85.18 99.54 96.26 99.98 100
0.5 93.36 95.76 76.02 96.06 88.22 98.92 100
0.6 78.28 82.66 63.92 82.52 78.54 92.28 95.9
0.7 58 57.56 47.56 54.72 53.44 71.2 79.14
0.8 29.14 31.08 28.04 31.22 28.62 27.16 48.38
0.9 13.26 13.02 13.5 13.58 12.16 13.28 24.78

1 54 5.04 5.32 5.18 4.64 5.58 4.96

Panel B: T=100 and N=8

@ | HD HL HLM KK SS DHT | PPO Test

0 100 100 100 100 100 100 100
0.1 100 100 100 100 100 100 100
0.2 100 100 100 100 100 100 100
0.3 100 100 100 100 100 100 100
0.4 100 100 100 100 99.86 100 100
0.5 99.66 100 96.86 100 97.16 97.1 100
0.6 94.78 98.84 82.56 98.68 87.24 89.86 99.92
0.7 76.9 86.24 65.92 85.9 72.94 76.3 97.1
0.8 53.06 52.98 46.34 50.04 48.76 52.92 73.92
0.9 24 20.18 23.24 21.32 20.68 17.5 34,12

i 5.12 4.62 4.48 5.68 4.38 5.14 4.6
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Table A.17: Power Analysis of Stationarity Tests with Drift and Trend, at N=16, T=10

and T=25
Panel A: T=10 and N=16

® | HD HL HLM KK SS DHT PPO Test
0 96.8 93.5 88.24 96.4 91.84 95.32 100
0.1 90.8 87.2 82.22 91.28 85.64 91.12 100
0.2 85.18 81.12 74 82.24 79.68 84.72 98.82
0.3 78.76 75.12 66.6 72.08 72.13 75.54 95.64
0.4 69.66 69.5 56.36 65.4 62.93 66.2 87.66
0.5 56.68 58.68 45.88 54.84 51,94 55.9 76.98
0.6 40.5 44,78 32.34 42.16 43.41 40.52 60.28
0.7 27.6 27.56 28.62 26.82 27.21 26.84 38.6
0.8 17.98 16.36 17.1 17.22 16.77 16.4 22,66
0.9 10.9 10.36 10.56 8.72 8.5 8.3 13.48
1 528 5.02 4.88 5.64 4.7 4.76 5.62

Panel B: T=25 and N=16

@ | HD HL HLM KK SS DHT PPO Test
0 100 100 100 100 100 100 100
0.1 100 100 100 100 100 100 100
0.2 100 100 95.48 100 100 100 100
0.3 100 100 87.5 99.94 98 100 100
0.4 98.54 97.9 78.6 99.1 94.12 99.8 100
0.5 91.98 88.92 70.22 04.1 83.76 97.6 100
0.6 78.22 75.92 64.94 78.58 75.5 8§7.12 95.72
0.7 59.84 59.24 50.14 56.92 54.96 59.96 78.52
0.8 31.16 29.58 35.54 28.2 28.54 36.66 49 4
0.9 12.62 12.34 15.46 13.9 10.36 16.66 20.44
I 44 4.84 5.66 5.58 4.94 5.46 4.86
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Table A.18: Power Analysis of Stationarity Tests with Drift and Trend, at N=16, T=50

and T=100
Panel A: T=50 and N=16

¢ | HD HL HLM KK SS DHT PPO Test
0 100 100 100 100 100 100 100
0.1 100 100 100 100 100 100 100
0.2 100 100 100 100 100 100 100
0.3 100 100 100 100 100 100 100
0.4 100 100 94.8 100 100 100 100
0.5 100 100 86.76 100 97.06 100 100
0.6 96.84 98.28 77.84 98.46 86.22 99.78 100
0.7 80.76 84.42 65.78 86.54 74.94 93.34 97.74
0.8 58.1 56.94 45.88 53.82 52.94 57.56 7512
0.9 19.48 18.1 17.46 20.62 18.76 25.02 29.18
1 5.52 4.86 4,94 5.6 5.54 45 3.96

Panel B: T=100 and N=16

¢ | HD HL HLM KK SS DHT PPO Test
0 100 100 100 100 100 100 100
0.1 100 100 100 100 100 100 100
0.2 100 100 100 100 100 100 100
0.3 100 100 100 100 100 100 100
0.4 100 100 100 100 100 100 100
0.5 100 100 98.4 100 100 100 100
0.6 100 100 88.12 100 98.34 100 100
0.7 96.42 98.96 76.92 98.72 89.32 99.94 100
0.8 79.96 78.98 63.06 80.1 74,78 79.08 96.02
0.9 384 33.56 29.44 31.42 30.08 3432 51.3
1 4.72 4.52 4.44 4.92 5.02 5.5 4.74
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Table A.19: Power Analysis of Stationarity Tests with Drift and Trend, at N=32, T=10

and T=25
Panel A: T=10 and N=32

@ | HD HL HLM KK SS DHT PPO Test
0 106 100 100 100 100 100 100
0.1 100 100 99.56 100 100 100 100
0.2 08.6 95.2 94.56 98.7 97.52 98.9 100
0.3 96.48 89.12 87.68 94.52 92.48 95.9 100
0.4 89.16 83.74 74.18 83.52 84.9 88.44 98.52
0.5 75.08 74.92 65.24 73.34 70.12 73.9 94.34
0.6 63.78 63.46 49.88 65.86 57.3 61.38 81.86
0.7 39.66 39.2 33.56 48.42 37.91 37.82 58.76
0.8 22 21 22.08 30.96 23.88 21.18 35.6
0.9 13.6 14.4 15.46 15.58 14.9 12.08 20.68
1 53 4.96 53 5.42 5.14 5.12 4,96

Panel B: T=25 and N=32

@ | HD HL HLM KK SS DHT PPO Test
0 100 100 100 100 100 100 100
0.1 100 100 100 100 100 100 100
0.2 100 100 100 100 100 100 100
0.3 100 100 100 100 100 100 100
0.4 100 100 96.9 100 100 100 100
0.5 99.72 99.5 87.18 99.98 98.28 100 100
0.6 96.9 94.34 74.02 97.38 91.92 99 100
0.7 80.04 77.96 64.16 83.92 73.74 88.22 95.26
0.8 57.28 53.98 48.24 52.56 48.66 53.06 70.56
0.9 20.58 17.34 16.04 18.68 16.76 18.7 27.9
1 4.4 5.14 4.82 5.38 444 4.8 5.12
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Table A.20: Power Analysis of Stationarity Tests with Drift and Trend, at N=32, T=50

and T=100
Panel A: T=50 and N=32

@ | HD HL HLM KK SS DHT PPO Test
0 100 100 100 100 100 100 100
0.1 100 100 100 100 100 100 100
0.2 100 100 100 100 100 100 100
0.3 100 100 100 100 100 100 100
0.4 100 100 100 100 100 100 100
0.5 100 100 08.68 100 100 100 100
0.6 100 100 92.82 100 97.46 100 100
0.7 97.92 99.3 81.64 98.92 82.38 99.78 99.88
0.8 79.74 81.64 62.76 81.7 74.52 78.3 03.52
0.9 31.3 30.68 29.04 29.06 29.8 33.28 45.26
1 4.8 5.14 5.48 4.98 4.02 4.58 43

Panel B: T=100 and N=32

¢ | HD HL HLM KK SS DHT PPO Test
0 100 100 100 100 100 100 100
0.1 100 100 100 100 100 100 100
0.2 100 100 100 100 100 100 100
0.3 100 100 100 100 100 100 100
0.4 100 100 100 100 100 100 100
0.5 100 100 100 100 100 100 100
0.6 100 100 98.68 100 100 100 100
0.7 100 100 83.82 99.98 95.08 100 100
0.8 94.76 08.38 69.58 08.48 86.1 89.56 099,78
0.9 54.3 53.88 38 52.86 52.84 52.86 67.92
1 5.74 4.8 5.44 5.24 4.42 5.26 4.6
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Appendix-B

Figure B.1: MSC Assessments of PUR Tests, Excluding Worst Performer, with

Intercept only, N=4
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Figure B.2: MSC Assessments of PUR Tests, Excluding Worst Performer, with

Intercept only, N=8

100
90
3 80
=
s 70
8
= 60
o
2 so
vy
S a0
3
= 30
<
= 20
10
0
0 10 20 30 40 50 60 70 80 90 100
TIME SERIES LENGTH
~—fe~ BNG —&— BU - CH DH —s— DWH —8— PS5
—— C|PS e { L C — W e M P —fl— MW/ AMA
- -z CHO WL WT - CIPS_star ~==—05§

274



Figure B.3: MSC Assessments of PUR Tests, Excluding Worst Performer, with

Intercept and Trend, N=4
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Figure B.4: MSC Assessments of PUR Tests, Excluding Worst Performer, with

Intercept and Trend, N=8
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Figure B.5: MSC Assessments of PUR Tests, Excluding Worst Performer, with

Intercept Term only, T=25
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Figure B.6: MSC Assessments of PUR Tests, Excluding Worst Performer, with

Intercept and Trend Term, T=25
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