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Abstract
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om 1969 to 2009. The results of our research
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method if the true data generating pr per capita real GDP is in fact a
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1. Introduction

The modeling of per capita real GDP as either a trend stationary or a difference
stationary process has received much attention since Nelson and Plosser (1982).
Researchers have been especially interested in the time-series properties of real
output leyels. The characteristics of real output have important implications for

ar interest (Wasserfallen, 1986; Ben-David and Papell, 1995; Cheung and
- h, 2002; Cheung and Westermann, 2002). Nelson and Plosser

The Central and ropean (CEE) countries underwent major changes in
their economic a during their transition to market economies in
the 1990s. The eco i ions in the CEE countries have shared various
common features rangin onal changes promoting a market economy to
ime or the inflow of foreign direct investment
ing the ongoing transformation, the
CEE countries launched various programs and adopted an extensive
range of measures to implement fiscal policies that would suit the needs
of overall transformation. Therefor i whether the extraordinarily
high growth rates in some countries (e.g. Po ia) reflect only a temporary
recovery or will persist for longer time s it clear whether the slow
growth of output in other countries (e.g. 11 accelerate when
shortcomings in institution building and macroecono ies are overcome.
The variance in the growth rates of GDP and physi estment among the CEE
countries is extraordinarily high. Moreover, it remai clear we can draw
conclusions from present trends for the real output prospec countries.
Thus, uncertainty about economic development in the ac idates from
CEE is still high even ten years after the economic transitio
cannot derive a scenario for the long-run growth and convergence of p
from present growth trends in the CEE countries.

Determining whether per capita output can be characterized by a stoc
complicated by the fact that infrequent breaks in trend can bias standard unit root
tests towards non-rejection of the unit root hypothesis. The bulk of the existing
literature has focused on the application of unit root tests allowing for structural
breaks in the trend function under the trend stationary alternative but not under
the unit root null. These tests, however, provide little information regarding the
existence and number of trend breaks. Moreover, these tests suffer from serious
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power and size distortions due to the asymmetric treatment of breaks under the
null and alternative hypotheses. It is not surprising that these factors have cast
considerable doubt on many of the earlier findings that have been based on a unit
root in real output levels. There is a growing consensus that conventional unit root
tests such as the ADF and PP tests — fail to incorporate the structural breaks in
have low power in detecting the mean reversion of real GDP. Perron
that if there is a structural break, the power to reject a unit root
the stationary alternative is true and the structural break is ignored.
ctural changes present in the data generating process, but have been

ased on search procedures. When the break dates
ve information regarding the presence or absence

Strazicich (2001, 2003) a
that such tests suffer from serious powe
treatment of breaks under the nu

(2009), among others, demonstrate
e distortions due to the asymmetric
tive hypotheses. Third, the use of

However, for low frequency data it is mor
form of large swings which cannot be capt

1 changes take the

proper frequency in the estimating equations. By reducing the number o
parameters, they ensure the tests have good size and power irrespective of the time
or shape of the break.

Additionally, the existence of structure changes in real output levels might imply
broken deterministic time trends and the result is a nonlinear pattern (Bierens, 1997).
It should, therefore, not be unexpected that these shortcomings have seriously called
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into question many of the earlier findings based on a unit root in per capita GDP. As
we cover a much shorter time period, we interpret the broken deterministic terms
differently. In particular, we think of them as representing e.g. changes in the political
and economic environment in the CEE countries due to structural reforms in the
political and legal system, changes in the competition policy, and specific economic
policy pregrams. In this sense the broken deterministic terms refer to exogenous

sistence in the errors is usually unknown. The lack of
lained by the difficulties involved modeling acceding

e analyze log-differences of real GDP per capita
ot tests that allow for breaks in the trend and
ith this, the current research hopes to fill the
our knowledge, this study is the first, to

changes have occ
using Lagrange M
the level of a series at u
existing gap in the litera
date, that utilizes the unit root test with
CEE countries. This empirical stu
determining whether or not the u ss is characteristic of the in real output
levels in the CEE countries.

ollows. Section 2 describes
the data used and
ion 4 reviews the

The reminder of this empirical study is o
the methodology of the Fourier unit root t
discusses the empirical findings and policy
conclusions we draw.

2. Enders and Lee’s (2004, 2009) Fourier Test

Enders and Lee (2004, 2009) implement a variant of the Flexible Fougi
(Gallant, 1981) to control for the unknown nature of the breaks. O
this Fourier function is that it is able to capture the essential characte
more structural breaks by using only a small number of low frequency
This is true because a break tends to shift the spectral density function towards
frequency zero. Especially, this test works best in the presence of breaks that are
gradual and has good power to detect u-shaped and smooth breaks.

Enders and Lee (2004, 2009) develop their unit root test using the LM principle. As
indicated by Pascalau (2010), the LM has increased power over the DF approach.
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Following the Enders and Lee (2004, 2009), we consider the following data
generating process (DGP):

Y, =0+ 6+ ysin(2akt/T)+y,cos(27mkt | T)+ &,; (1)

8t = ﬂgt—l + ut’ (2)

selecting [sin(27kt / T'),cos(27kt / T)] is based on the fact that a
ion is capable of approximating absolutely integrable functions to
degree of accuracy. Where k represents the frequency selected for the

=[7,,7,] measures the amplitude and displacement of the
A desire feature of Equation (1) is that the standard linear

ial case by setting ¥, =¥, =0. It also follows that
ent must be present if there is a structural break.

Here, if it is possi j 11 hypothesis ¥, = %, =0, the series must have
a nonlinear component. (2004, 2009) use this property of Equation
power to detect breaks of an unknown form
8) test. Under the null hypothesis of a unit root

< 1. Enders and Lee (20064, 2009)
hillips (1992) and Amsler and Lee
stimating the following regression in

[ =1, where under the alternative hypo
employ the LM methodology of S
(1995) by imposing the null restr
first differences:

Ay, =8, + 0,Asin(2mkt / T') + 6,Acos(2 v,

The estimated coefficients 5'0, 5‘1 and 5‘2 are then us onstruct the following

detrended series:
S =y, ——08,t—0, sin(2akt/T)— 8, cos(2rkt / T), t 0

where {7 =y, — 0, — 0, sin(27kt / T) - 8, cos(27t /T) and y,

observation of y,. The testing regression based on the detrended
following expression:

Ay, =65 +d,+d,Asin2akt | T)+d,Acos2kt /| T)+€, ()

If y, hasaunitrootthen @ = 0 and the LM test statistic (denoted 7, ) is the -test for

the null hypothesis of & = 0. The innovation process &, is assumed to satisfy Phillips
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and Perron (1998)’s serial correlation and heterogeneity conditions. Equation (5) can
be augmented with lag values of AS, ;, j=12,..p, to get rid of the remaining
serial correlation (Ng and Perron, 2001). Enders and Lee (2004, 2009) derive the

properties of the asymptotic distribution of the t,,, statistic and demonstrate that it
depends only on the frequency k and is invariant to all other parameters in the DGP.

minimization of the sum of squared residuals. However, their Monte
nts suggest that no more than one or two frequencies should be used

yearly real GDP per capita data for nine Eastern-
aria, Czech Republic, Estonia, Hungary, Latvia,

was converted into natu ic form before the empirical analysis. The
source of the data is World Development Indicators, International
Financial Statistics of the IMF, Global
as well as estimated and projecte eloped by the Economic Research
Service all converted to a 2005 e summary statistics are provided in
Table 1. Czech Republic and Bu ighest and lowest average per
capita incomes of US$14029.20 an ,respectively. The Jarque-Bera
test results meanwhile indicate that the pe ta DP datasets of the 9 CEE
countries are all normal.

Table 1: Summary statistics of Real GDP per capita

Country Mean Std Maximum | Minimum
Bulgaria 2313.964 | 1386.430 | 5185.409 | 525.828
Czech Republic| 8337.881 | 4199.604 | 16833.45 3551.5
Estonia 6451.003 | 4649.220 | 16369.88 | 1141.952
Hungary 7060.041 | 3401.536 | 13109.06 | 3723.682
Latvia 4648.528 | 3331.542 | 12206.99 | 813.212
Lithuania 4655.089 | 3153.913 10873.6 | 734.998
Poland 5572.846 | 2420.625 | 10291.94 | 2346.241
Romania 3031.130 | 2293.697 8583.6 1148.14 1.369 3.555 3.208
Slovakia 6088.990 | 3656.655 | 14470.09 | 2518.662 1.165 3.075 3.626

Note: Std denotes standard deviation and J-B denotes the Jarque-Bera Test Normality.

Source: Authors' calculation
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For comparison, first, we apply conventional ADF statistic to examine the null of a
unit root in the real GDP per capita of each country. The results in Table 2 clearly
indicate that ADF and PP tests fail to reject the null of non-stationary per capita real
GDP for all nine countries.

Table 2: Wnivariate unit root tests (with trend)

Levels First Differences

ADF PP KPSS ADF PP KPSS

-2.524(1) |-1.619[3] [0.198[5]"" [-3.992(2)"" [-3.811[5]"" |0.103[3]

-1.908[1] 0122[4]* -4.204(0)" [-4.161[3]"" [0.107[0]

-1.764[1] [0.195[5]" |-4.006(0)"" |-3.357[2]" |0.089[3]

0202[5]** -3.304(0)" [-3.353[2]" [0.119[3]

0.353[5]"" |-3.741(0)"" |-3.846[2]"" [0.097[3]

Lithuania 0191[5]* -4.016(1)" [-3.312[3]" [0.086[3]
Poland 0.168[4] [-4.307(0)"" [-4.315[2]"" | 0.068[0]
Romania 0218[5]*** -3.688(0)"" [-3.669[4]"" [0.045[3]
Slovakia 2010517 [-3.549(0)" |-3.416[5]" [0.105[3]
Note: ™, ™ and * e 1%, 5% and 10% level, respectively. The number

in parenthesis indicates the lag'order selected b
Perron (1989). The number in the brackets i
suggested by the Newey-West test (1987

Source: Authors' calculation

on the recursive t-statistic, as suggested by
the truncation for the Bartlett Kernel, as

is consistent with the real
and PP tests when
ural breaks in the
¢ power to reject a
d the structural break is

The KPSS test also yields the same results. n
GDP unit root literature and is due to the low power of the
the real GDP are highly persistent and fail to rate th
model. Perron (1989) argued that if there is a structural
unit root decreases when the stationary alternative is
ignored. Meanwhile, structural changes present in th
have been neglected, sway the analysis toward accepting t
unit root. Therefore, we proceed to test the real GDP by usi
a Fourier function, proposed by Enders and Lee (2004, 2009):

First, a grid-search is performed to find the best frequency, as ther
knowledge concerning the shape of the breaks in the data. We esti ion
(5) for each integer £k = 1, ... , 5, following the recommendations o ers and
Lee (2004, 2009) that a single frequency can capture a wide variety of breaks. The
second column in Table 3 displays the residual sum of squares (RSSs) and indicates
that a single frequency works best for most of the series with the exception of Czech
Republic we find frequency 3. The significant F(k) statistic showed in the fourth
column of Table 3 also indicate that both sine and cosine terms should be included in
the estimated model except Czech Republic and Poland.
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We follow Burke (1994) and use a 10% significance level and select the lag order of
the test on the basis of the recursive z-statistic, as suggested by Perron (1989). The
fifth column in Table 3 shows the number of lags of AS, needed to remove serial
correlation in residuals. The last column in Table 3 reports the results of unit root
test with a nonlinear Fourier function based on the estimated frequencies. We are not
able to reject the unit root null hypothesis for CEE countries at the 5% significance

a steady rate of growth, and policy innovations then have temporary
ar as major policies are concerned, this study implies that a fiscal and/
ization policy would possibly permanently affect the real output
untries under study. Figure 1 displays the time paths of the real
GDP per, ch country.

Figure 1: Plots of Re er capita for CEE countries and fitted nonlinearities

Buigaria Czech Republic Estonia
35 52 28
34]
501 26
33]
324 48 24
31]
46 22
30]
29 44 20
28
42 18]
271
26 T T T T T T T T 40 T T T T T T T T 16 T T T T T T T T
1970 1975 1980 1985 1990 1995 2000 2005 1970 1975 1980 1985 1990 1995 2000 2005 1970 1975 1980 1985 1990 1995 2000 2005
—— CZECH REPUBLIC —— CZECH_REPUBLICH | —_ESTONIA — ESTONIAH
-
Hungary Latvia Lithuania
50 32 36
484 304 34

46 289 a2
264 -

44
24 30|
424
221 284

4.0 204

g
>

38 18] 26

36 16 24
1970 1975 1980 1985 1990 1995 2000 2005 1970 1975 1980 1985 1990 1995 2000 2005 1970 1975 1980 1985 1990 1995 2000 2005
. AR a
Poland Romania Slovakia
6.0 5.0 42
5.8
8] 40
56 a6 38
54 7
36
524 444
34
50 424 32
48 -
46 401 30
44 T T T T T T T T 38 T T T T T T T T 28 T T T T T T T T
1970 1975 1980 1985 1990 1995 2000 2005 1970 1975 1980 1985 1990 1995 2000 2005 1970 1975 1980 1985 1990 1995 2000 2005
— POLAND — POLANDH —— ROMANIA —— ROMANAH —— SLOVAKIA — SLOVAKIAH

Source: Authors' calculation



Hsu-Ling Chang et al. * Flexible Fourier Stationary Test in GDP per capita for Central...
Zb. rad. Ekon. fak. Rij. » 2011 *vol. 29 *sv. 1 * 51-63 59

We can clearly observe structural shifts in the trend of the data. Accordingly,
it appears sensible to allow for structural breaks in testing for a unit root (and/or
stationarity). The estimated time paths of the time-varying intercepts are also shown
in the Figures 1.

Table 3: it Root Test with a Nonlinear Fourier Function

sy | £ 0| TR |

u 0.002 1 85.598"" 2 -6.021""
Ezpublic 3 1.041 0 -0.249
Estonia 1 42.098" 2 0.461
Hungary 1 8.842" 4 0.137
Latvia 49.945™" 2 -7.125™
Lithuania 77.530™"" 2 0.215
Poland 0.018 2.198 4 -3.291
Romania 0.001 59" 0 -8.654™"
Slovakia 0.003 86" 1 0.031

Note: *** and ** indicate significance at th and 0

respectively. Critical values for
the t,,, (k) statistic are taken from Enders and Lee (

Source: Authors' calculation

For most countries in the sample, with the exception of
started to grow sustainably in 1994 or 1995. Inflation
countries experiencing hyper-inflations. Again, with t
Romania, by the end of the 1990s inflation had been broug
low two-digit numbers. Thus, among these countries, stabi
successful and growth is widely experienced.

a and Romania output
, with some

4. Conclusion

The aim of this paper was to examine whether real GDP per capita was a non-
stationary or stationary process for 9 CEE countries. We confirm our hypothesis
that real output is characterized by a non-linear mean reverting process. Standard
linear ADF, PP and KPSS statistics show that the data are basically non-stationary
for these countries. In contrast, when we adopt a Fourier unit root test which has
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higher power than a standard univariate and non-linear unit root statistic to reject
a false null hypothesis of unit root behavior, the empirical evidence suggests that
real GDP per capita is well characterized in Bulgaria, Latvia and Romania by a
non-linear mean reverting process which exhibits periods of exploding behavior. It
shows whether real GDP follows a stochastic or deterministic path has far-reaching
implications for modeling, forecasting and for judging the importance and role of

and policy innovations then have temporary effects for Bulgaria,
ania. This might offer an alternative explanation for the difficulty

ould be taken with a restriction considering that CEE countries
that per series since the radical change of Eastern Europe and
the break

consider informatio ing for codependence between countries.

Further research be ex e period of “the Financial Tsunami” to test the
effect of mean reverting p 1 output. Furthermore, the model will include
other controllable varia i ant determinants of real output.

es that CEE countries' real GDP per
ath has far-reaching implications for
portance and role of macroeconomic
uations transitory around a
tary and fiscal shocks. The

Evidence from the Fourier unit root te
capita following a stochastic or d
modeling, forecasting and for ju
stabilization programs. Finding m
deterministic path supports the role for tem;
effects of monetary and fiscal policy shoc judged for duration above or below
the trend, and long-run uncertainty is also ed duration of the
business cycle around the trend. Thus, real GDP per capi ws a steady rate of
growth, and policy innovations having temporary eff
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Fleksibilni Fourierov stacionarni test BDP-a po stanovniku za
Srednjoisto¢ne europske zemlje

Hsu-Ling Chang', Chi-Wei Su?, Meng-Nan Zhu®

SaZetak

ilj ovog rada je istraziti slijedi li realni BDP stacionarni trend ili razliciti
i proces. Nasa hipoteza je da realni ucinak ima svojstvo nelinearnog
procesa. Primijenjen je fleksibilni Fourierov stacionarni test jedinicnog
ena kojeg su predlozili Enders i Lee (2004, 2009) za procjenu ne-stacionarnih
ealnog BDP-a po stanovniku za devet Srednjoistocnih europskih

a ima vecu jacinu nego linearna metoda ako su podaci koji
realnog BDP-a po stanovniku zapravo stacionarni nelinijski

ijeva da realni BDP po stanovniku prati
stalnu stopu rasta, ije imaju privremene ucinke. Ovi rezultati
imaju vazne implik ekonomsku politiku, modeliranje, testiranje i
prognoziranje za Srednjoistocne europ. je.

nelinearno sta

uralne promjene, pauze trenda,
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