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Testing for Cointegration in a Double-L STR
Framework

Claudia Grote and Philipp Sibbertsen

Abstract This paper investigates the finite-sample properties oktheoth transi-
tion-based cointegration test proposed by Kapetanios. €2@06) when the data
generating process under the alternative hypothesis iskally stationary second
order LSTR model. The provided procedure describes anagijan to long-run
equilibrium relations involving real exchange rates wiytmsnetric behaviour. We
utilise the properties of the double LSTR transition fuaotthat features unit root
behaviour within the inner regime and symmetric behaviouthie outer regimes.
Hence, under the null hypothesis we imply no cointegratioth globally station-
ary D-LSTR cointegration under the alternative. As a resiilthe identification
problem the limiting distribution derived under the nulldothesis is non-standard.
The Double LSTR is capable of producing three-regime TARlinearity when the
transition parameter tends to infinity as well as generagxyonential-type non-
linearity that closely approximates ESTR nonlinearityefiéfore, we find that the
Double LSTR error correction model has power against bothede alternatives.
JEL codes: C12, C32
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1 Introduction

Ever since the concept of cointegration has been introdogésranger (1981) and
Engle and Granger (1987), research on cointegrated tinesdeais experienced a
broad expansion. Yet it is still developing and of great imi@oce for economic
applications such as exchange rates and equity indiceladfi (2012) or Zhang
(2013). One of the latest research branches is the exteosamintegration to non-
linear dynamics and regime-switching error correction Inaeisms. With regard to
the nonlinear cointegration literature, a distinction iawin between time-varying
cointegration on the one hand, cf. Bierens and Martins (20tGhi and Phillips
(2012), and nonlinear adjustment processes on the othel Racently, the latter
has been of major interest implying unsteady and unprapuaticorrection of the
disequilibrium error which is why particular attention hlasen directed towards
testing the existence of nonlinearities, cf. Kapetaniad.g2006) henceforth KSS,
or Kili¢ (2011). Thus, due to the ability to incorporate sotio dynamic adjustment
via smooth transition (STR) functions, STR-models are Widpplied for mod-
elling the disequilibrium error.

Regime-switching cointegration can be considered as aroapp that deals with
the combination of nonlinearities and nonstationaritiesombines cointegration
as the global problem and nonlinearity as the local probt#nBalke and Fomby
(1997). Depending on the specification, the underlyindgrtggtroblem can be for-
mulated as either unit roar linearity against STR cointegration, see also Dufrénot
et al. (2006). First approaches suggested a null hypotbésis nonlinear adjust-
ment in a linear cointegration framework and consequerdleld inference on a
linear error correction model (ECM), cf. Seo (2004) or Ngdmlic (2011). Among
others KSS established appropriate theoretical foundsifiar inference based on a
nonlinear ECM. In accordance with these authors it is realsierto utilise a test that
is designed to have power against the alternative of ncalidgnamic adjustment.
The reason why research focus has come to allow nonlineat-ghodynamics in
the adjustment process to deviations from long-run equilib relations are e.g.
contemporaneous price differentials for a certain goodc&it is acknowledged
that Jevons’s law of one price does not apply intertempgnaksearchers have de-
cided to ease conventional restrictions like the assumptiefficient markets. For
instance exchange rates under the purchasing power pathg ipresence of trans-
action costs exemplify the necessity of regime-switchipigaanics in econometrics,
compare Taylor et al. (2001) or Taylor (2001).

However, first advances in nonlinear cointegration ref@atke and Fomby (1997)
who introduced threshold cointegration. According to tregnor correction requires
the disequilibrium error to exceed a critical thresholdpiying that price deviations
between two locations are corrected by arbitrage only whesations were suffi-
ciently large. Subsequent extension can be found in SikidsGranger (1997) or
Chen et al. (2005). For particular contributions with redfe testing see Enders
and Granger (1998), Lo and Zivot (2001) or Hansen and Sed?{20he switch
is rather smooth than discrete STR ECMs, brought forward.¢pyTaylor and Peel
(2000) or Kilic (2011), are applied. If the transition betn the slowly adjusting
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inner regime and the quickly adjusting outer regimes areaated with small and
large price deviations respectively, an exponential STRIEBGould be employed.
If negative and positive deviations are corrected difféyethe adjustment process
is subject to asymmetric behaviour. In that case a logisditsition function is just
appropriate for the adjustment process.

In this paper we propose D-LSTR as an overall generalisafd®TR functions.
More precisely this work addresses STR-based nonlineasadgnt processes and
especially a globally stationary Double-LSTR cointegratprocess with symmetric
behaviour in the outer regimes. The aim is to show that D-L8®Rtegration has
better power than other STR functions. We are especiakyésted in the power re-
sults compared to KSS'’s nonlinear cointegration test basealglobally stationary
exponential-STR cointegration alternative.

The rest of the paper is organized as follows. In section 2dsiing framework for
thet- andF-type test is set up and section 3 the cointegration testsaoaluced.
Section 4 presents the power results and section 5 concludes

2 Model setup

We start with a nonlinear vector error correction model (\WB@s in KSS, derived
from an(n x 1)-vectorz; = (zy,...,Zx), consisting of 1(1) stochastic processes be-
ing given by

P
Az =af'z 1+9(B'z 1)+ ZFiAzH + &, witht=1,....T. (1)
i=

The first and second term on the right hand side represenirtbarland nonlin-
ear error correction terma,,,) contains the linear adjustment parameters, that
describe the percentaged correction in petiodhile . is the cointegrating
vector. The cointegration relation is assumed to be lindaichvis why the sec-
ond error correction term simply underlies a nonlinear ¢farmation according
to the insinuated nonlinear transition functigfi;-). Concerning the specific tran-
sition function¥(-) in our testing approach we will go into detail in the ongo-
ing subsection. For some further explanatory power of thdehtagged autocor-
relations are included i, depending on the optimal lag order The (n x n)
error process: is iid (0,X) with X being a positive definite matrix. It is as-
sumed that the initial valuegg = (z_p,...,Zp) are known andA(z) is given by
(1-2lh—aB'z—3P  Fi(1-2)Z. 1fdetA(z) = 0, then|z| > 1 orz= 1 whatimplies
that the number of unit roots equals- r with r being the quantity of cointegration
relations.

Since we intent to analyze at most one conditional long-aintegration relation
the vectorz is decomposed intby, x{)’, the dependent and the explanatory variable
respectively. The scalak is hereby conditioned by; given the past values &.
Hence we obtain
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P
Azt:aut71+£¢(w71)+ZlFAzH+&, t=1,...,T ()
i=

whereby the linear cointegration relation is enclosed in

U =Yt — B;Xt ) 3

with B, ~ (k x 1) containing the cointegration parameters &radjual to(n — 1).

2.1 Double logistic smooth transition

In our model setup we presume that the switches between esgane induced by
a second-order logistic smooth transition or double LSTR.@TR) process, orig-
inally proposed by Jansen and Terasvirta (1996), derinad f

Y(s:v.0) = (1+exp{—y(s—c)(s—c)}) ', c<cLy>0.

& is the state variable that causes the switch between regiieess is replaced
by the lagged variable of the cointegration relation’s etka1 where the value of
u_1 determines if the threshold is met or not. The thresholdesdy andc, are
chosen to be; = —y/candc; = /c assuming that-c; = ¢, holds. Therefore?(-)
simplifies to

Y (s;v,¢) = (1+exp{—v(yt271—c})717 y>0, (4)

and a symmetric transition function is obtained. The smioe$s parameter de-
termines the gradual changing strength of adjustment frctranges in regimes.
The reason why we propose D-LSTR in contrast to an ESTR fomas that the
D-LSTR approach features special properties. Firstly O¥R$an display symmet-
ric and stationary behaviour in the outer regimes omce < —+/c or U1 > /C
on the one hand. On the other hand it can display unit rootwebhaat the central
regime when-,/c < u;_; < /c. Secondly, it is capable of generating exponential-
type nonlinearity that closely approximates ESTR nonliitgavhen the transition
parameter tends to infinity, cf. Sollis (2011), even thoughD-LSTR model does
actually not nest an ESTR-model. Contingent on the valyeanfd due to its special
properties the D-LSTR function covers not only exponertiige nonlinearity for
small and moderatgbut nests 3-regime TAR nonlinearity fgr— co. Consequently,
a self-exciting TAR model is obtained since the state vdgialguals the transition
variable depending on whether the linear combinatiog @ndx; is stationary or
not. This means that the switching of the model depends oodimegratedness of
y: andx;. With respect to the assumptions onandc, the outer regimes of this
self-exciting TAR model are restricted to be identical.

Furthermore, D-LSTR offers more flexibility concerning ttange of the nonsta-
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tionary regime due to the scaling parametee.g. Kaufmann et al. (2012). In con-
trast to D-LSTR a possible drawback of an exponential ttenmsfunction would

be that fory — 0 andy — o, the model becomes linear, cf. van Dijk et al. (2002).
It should be mentioned that unlike the logistic function geeond order logistic
function is not bounded betweéd 1]. For finitey the D-LSTR function realises a
minimum different from zero, see van Dijk and Franses (20B0fact, wheny = 0,

the D-LSTR functiorn¥(-) reduces to 0.5 and the model becomes linear. For this
reason, in our testing approach we propose the transitioetifun

YU 1v,0) = [(1+exp(-Y@,-0}) " -05], y>0, (§

following Terasvirta (1994), who included0.5 in order to derive linearity tests. In
our case subtracting.® ensures that there is no cointegration at all and therefore
enables us to test the problem under consideration, whidteissued in an instant.

So far, our partitioned model assembles to

Ay = QU1+ Pl 1 [(1+exp{—y(ut2,l —op) - o.5] + WX
p
! .
+i;l,u|AZt7| + & (6)
p
AXe = IMyiAzi i+ Ext .
I; X | X

Under the assumption thet= & — y with ¢ < 0 the conditional double logistic STR
ECM for Ay; and a marginal vector autoregression model&wy is obtained. For
further assumptions and details on certain parametereonist see KSS.

2.2 Testing problem

We want to test no cointegration against the alternativelabally stationary D-
LSTR cointegration. This implies that under the null hypestis it has to be as-
sured, that there is no cointegration in the process. Neatinointegration is solely
embodied via the transition function (5) and (6), which aansently needs to be
excluded undeHy. As%(-) reduces to &, wheny = 0, subtracting one half estab-
lishes a feasible null hypothesis. This enables us striaighardly, to formulate the
hypotheses as

Ho:y=0 VS. Hi:y>0

for testing against globally stationary D-LSTR cointegrat Obviously,y = 0 im-
plies thatp andc are not identified under the Null, referred to as the Davi@8()
problem. The stationarity propertiesgfare determined by the positiveness/of
For solving the cointegration problem and in order to testtfi@ nonlinear coin-
tegration relation we apply the Engle and Granger (1987%jluesbased two step
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procedure. At the first stage the residuals §; — BXX are estimated via OLS. At
the second stage we expand a first order Taylor series appatigin to the smooth
transition function due to the non-identification@m{p andc) in the case of &type
test F-type test). The linearisation leads to

Ti(y) = 0.5+0.25y(u? ; —c). (7)

It might seem more appropriate to use a Taylor expansion @jteehorder since it
captures the symmetric property far better than the lindefirst order. Neverthe-
less, this implies more terms and respectively more reisns to be tested, which
might result in a loss of power.

Substituting (7) into (6) we obtain the following auxiliarggression

p
Ay = 510 1+ &0 |+ W Axi + lefAzH +a, (8)
i=

where we definé; = ¢ — 0.25pyc and &, = 0.25py. In accordance with KSS we
assume thap = 0 so that a unit root behaviour around the equilibrium caruncc
Imposingg = 0 does not influence the-type test as long as+# 0. For the case that
¢ = 0 the test reduces totatype test.

3 Cointegration tests

Setting the switch point equal to zero finds theoretical justification in many eco-
nomic and financial applications. Preferably it is utilisedhe context of an ESTR
function. However, this leads to the following auxiliangression for thé-type test,
whered; and respectively; "1 cancel out

p
Ay = 508 | + W Ax; + _ZI,U{AZH +a,
i=

with the corresponding hypotheses
Ho: % =0 vs. Hi:5<0.

Thet-statistic is given by

Al
u‘?ilQlAy
[52 3 3
Ofecl?, Q107

where(® ;= (G3,...,83_;), Qi=I7—-S(SS)"1S, S=(AX,AZ 4,...,AZ )
andAy = (Ays,...,Ayr)'.
Assuming that # 0 the auxiliary regression is given by (8). As we have two re-

t= (9)
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strictions in theF-type test case the corresponding couple of hypothesesdting
for nonlinear cointegration are given by:

Hp:01=8%=0 vs. Hi:0#00rd <0.
TheF-type statistic has the form

(RS§—RSS)/2
RSS/(T-3-p)’

whereRSg§ is the residual sum of squares obtained by imposing the tetacgons
given under the null hypothesi, = &, = 0 andRSS is the residual sum of squares
under the alternative. Since the alternative to a unit r@actually one-sided in the
direction of stable roots, like he® is restricted to be less than zero, it might be
beneficial to take the one-sidedness of the alternativeaictount. For this purpose,
an approach that incorporates one-sided alternatives edound in Abadir and
Distaso (2007).

In either thet-type test or thé--type test case will the limiting distribution be non-
standard under the null hypothesis due to the fact that i cha non-cointegrated
relation the series remain nonstationary. Hence, theitigndistributions converge
to some functionals of Brownian motions. By similar argumsess in KSS we derive
for thet-type test

FnEc = (10)

B3dw
INec = TF——,
/ Bda

and for theF-type test

-1
17, / B2da / Bda / BAW
FNEC_Q[/BdW} \ ) |
: /Bda/Bda /Bd\N

whereB andW are shorthand notations for »

B(a) = W(a) — Wy(a)' (folwx(a)wx(a)’da) X (folwx(a)vvx(a)da) where
W(a) andWy(a) defined oro € [0, 1] are independent scalar akiector standard
Brownian motions. For a proof hereof see KSS.

4 Finite Sample Properties

In order to examine the power results in dependence of thertajor parameterg
andp we conduct a Monte Carlo study. For this purpose, the modgtriplified to
a bivariate ECM, wherg, is assumed to be equal to one and
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Ayt = AAX% + pUr_1 [(1+exp{—y(ut2,1—c)})71— 0.5} +&
AX = W, U = Yt — B

o e (o[5])

The parameter constellations under investigation areaf@fing:
A={051},p={-10,-0.5-0.3,—-0.1},y={0.8,1,2,1000}, ando, = {1,4}.

Becausey does not only determine the smoothness of adjustment batrdigtes
also how present the effect of the nonlinear error corraaspwe expect the test
to have power finding a nonlinear cointegration relationewh becomes larger.
Therefore, we vary as is illustrated bellow. In accordance with KSS we investg
the impact of the common factor restrictioh,= 1, for serial correlation in the
disturbances. Therefore, we consider different parametieres forA = {0.5,1}
and also we want investigate the impact of different sigonatoise ratios and vary
o7 ={1,4}.

1.0

— OO m@q@% B fwaooo
% X @D

0.8
|

1
1+exp(-y(u2,-c))
0.6
|

0.4

G (ul—lv Y, C)

$etbe

& A
,\I)g
'I_‘A
o
N
N
w -

Figure 1: Transition function depending on a varyipgvith ac = 0.

As mentioned before, the codomain for the transition prdibials has been
scaled down to a half and {6.5, 1] respectivelyy < 1 are frequently chosen values
in the ESTR context, which is why is set equal to 0.8, compare the squared line.
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The triangled and hashed lines show a still very smooth itiansvhereas the cir-
cled line graphs a very fast transitionyat 1000. Here the speedy transition results
in a 3-regime TAR approximation.

p determines how present the nonlinear cointegration is lwisievhy we expect a
drop in the power for a sinking. The values foi are taken from KSS.

In the following table the power results for otk and F-type test are presented.
Additionally we compare these results to a linear cointégnaest, wherefore we
conducted the Johansen procedure on the globally stayi@&iSTR process, cf.
Johansen (1988, 1991) in order to discriminate between &nean and a linear
cointegation test. The table provides the power resultalf@mossible combinations
of the before mentioned parameter constellatiopg, y, andA. The results are
displayed in Table 1 and Figure 2.



4.1 Power Results

[T=100,a =0.05 o, =1 M o =4 |
| raw data demeaned data detrended daty{ raw data demeaned data detrended dath
lp |y | |9OH tnec  Fnec [JOH tnec Fnec [JOH  tnec Fnec [[JOH  tnec Fnec [JOH  tnec Fnec |JOH  tnec Fnec |
0.8 0.5 []0.9270 0.9984 1.0000.9258 0.9902 1.0000.8188 0.9712 1.00QfD.9482 1.0000 1.00(0.9502 1.0000 1.00(¢0.8272 0.9998 1.0040
T 0.8590 0.9968 0.9986.8646 0.9744 1.0000.7844 0.9424 1.000{0.8676 0.9976 0.9998.8610 0.9764 1.0000.7784 0.9408 0.9994
1 0.5 0.9292 0.9980 1.0000.9340 0.9902 1.0000.8230 0.9700 0.999p.9502 1.0000 1.0000.9484 1.0000 1.00Q0.8168 0.9998 1.00Q0
1 1 0.8946 0.9972 1.0000.8910 0.9804 0.9996.7924 0.9398 1.000{0D.8882 0.9962 1.0000.8878 0.9792 1.00Q0.7890 0.9430 1.00Q0
2 0.5 [[0.9410 0.9984 1.0000.9460 0.9902 1.0000.8040 0.9700 1.00Q{D.9488 1.0000 1.00(0.9478 1.0000 1.00(0.8280 1.0000 1.00Q0
1 0.9162 0.9970 1.0000.9162 0.9722 1.0000.8068 0.9354 1.000{0.9214 0.9960 0.9998.9158 0.9762 1.00(0.8140 0.9404 1.00Q0
1000 0.5 0.9438 0.9980 1.0000.9416 0.9846 1.0000.8244 0.9598 1.000{D.9450 1.0000 1.0000.9464 1.0000 1.00Q0.8212 0.9998 1.00Q0
1 0.9392 0.9940 1.0000.9342 0.9624 1.0000.8146 0.9212 1.000{0.9374 0.9926 1.0000.9336 0.9638 1.0000.8236 0.9140 1.00Q0
0.8 0.5 []0.5754 0.8962 0.8570.5720 0.7268 0.89(08.5898 0.5682 0.92(f.9486 0.9984 0.99§8.9482 0.9922 1.00(0.8222 0.9516 1.0040
: 1 0.3996 0.8606 0.700R.4056 0.6256 0.7848.4690 0.4724 0.854{D.4068 0.8452 0.7030.4100 0.6350 0.781P.4828 0.4632 0.8566
1 0.5 0.5936 0.9068 0.8658.5884 0.7244 0.9106.6056 0.5456 0.929B).9476 0.9982 0.998R.9442 0.9898 1.0000.8102 0.9534 0.9998
05 1 0.4232 0.8494 0.7210.4254 0.6228 0.8060.4892 0.4694 0.874{0.4186 0.8494 0.73408.4276 0.6264 0.8146.4970 0.4810 0.8756
) 2 0.5 [[0.6392 0.8910 0.888R.6476 0.7260 0.9210.6348 0.5622 0.946§.9480 0.9988 0.9996.9462 0.9914 1.0000.8264 0.9528 1.00Q0
1 0.4818 0.8312 0.7740.4936 0.6220 0.8458.5490 0.4688 0.9020.4850 0.8388 0.7730.4898 0.6256 0.85(10.5260 0.4870 0.8942
1000 0.5 0.6858 0.8878 0.9068.6710 0.7192 0.943@.6564 0.5600 0.9511.9446 0.9990 1.00_0.9388 0.9900 1.00Q0.8198 0.9544 0.9998
1 0.5318 0.8210 0.8050.5332 0.6172 0.875R.5696 0.4644 0.9068).5388 0.8332 0.8076.5284 0.6246 0.8648.5626 0.4718 0.9154
0.8 0.5 []0.2614 0.6226 0.382R.2624 0.3746 0.4816.3536 0.2566 0.573§0.9128 0.9586 0.973R.9114 0.8652 0.9736.7832 0.6612 0.9334
: 1 0.1796 0.5484 0.2580.1826 0.3076 0.3774R.2820 0.2100 0.5190.1732 0.5592 0.25848.1780 0.3176 0.3886.2918 0.2108 0.5140
1 0.5 0.2624 0.6342 0.3958.2610 0.3856 0.4920.3328 0.2558 0.576H.9076 0.9572 0.976R.9204 0.8692 0.9716.7892 0.6548 0.9318
03 1 0.1932 0.5464 0.2660.1916 0.3004 0.393R.2822 0.2180 0.519(0.1910 0.5510 0.2632.1880 0.3100 0.38§8.2840 0.2118 0.5142
) 5 0.5 [[0.2876 0.6192 0.4130.2842 0.3826 0.5148.3774 0.2454 0.5920.9188 0.9568 0.9730.9086 0.8642 0.973P.7760 0.6628 0.9334
1 0.2134 0.5446 0.2918.2022 0.3188 0.4180.3052 0.2212 0.548§{0.2080 0.5336 0.2932.2014 0.3322 0.4230.2976 0.2298 0.5548
1000 0.5 0.2868 0.6218 0.4318.2990 0.3920 0.54:0.3802 0.2694 0.613[.9126 0.9598 0.9798.9244 0.8744 0.97:0.7888 0.6706 0.9316
1 0.2178 0.5414 0.3096.2100 0.3114 0.4378.3042 0.2178 0.56910.2140 0.5324 0.3092.2208 0.3240 0.421R.3186 0.2224 0.54(Q8
0.8 0.5 []0.0816 0.1816 0.0468.0818 0.0992 0.1066.1772 0.0726 0.204D.2814 0.3822 0.20(8.2920 0.1998 0.2238.2952 0.0764 0.1888
: 1 0.0756 0.1628 0.0420.0692 0.1014 0.0998.1708 0.0774 0.19741.0756 0.1620 0.0392.0694 0.0926 0.1018.1708 0.0768 0.2046
1 0.5 0.0856 0.1788 0.0430.0808 0.0910 0.109R2.1708 0.0652 0.190{D.2834 0.3726 0.201R.2798 0.2050 0.23(06.3100 0.0762 0.1990
0.1 1 0.0712 0.1658 0.0380.0728 0.0930 0.1046.1722 0.0670 0.1848.0700 0.1544 0.0430.0680 0.0882 0.1036.1702 0.0748 0.1948
) 2 0.5 [[0.0774 0.1706 0.0432.0776 0.0900 0.1108.1710 0.0680 0.178f.2872 0.3782 0.198D.2916 0.1934 0.224P.3150 0.0760 0.1814
1 0.0696 0.1604 0.0460.0688 0.0892 0.0978.1762 0.0678 0.20Q{0.0748 0.1604 0.0438.0670 0.0866 0.094R.1688 0.0700 0.2016
1000 0.5 0.0760 0.1788 0.0506.0732 0.1030 0.1038.1768 0.0764 0.184p).2850 0.3786 0.1946.2890 0.1978 0.22(8.3012 0.0784 0.182
1 0.0750 0.1596 0.0448.0688 0.0864 0.1038.1672 0.0684 0.20310.0688 0.1544 0.0430.0782 0.0968 0.108R.1668 0.0666 0.1948

Table 1: Power results for varying parameter constellation$af, A, y,p}.
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One can recognize a clear power loss for- —1 wheno, = 1. In case that
0, = 4 the power loss begins fgr > —0.3 for raw and demeaned data and for
detrended data g@ > —0.5. A power loss for a sinking magnitude pfis quite
plausible agp < 1 determines how present cointegration is and thus enslakeslg
stationarity. The power values within a particular blocklaf same kind of data and
for the samep are however alike. Apparently the transition speed doesnade a
big difference to the power whenvaries amond0.8,1,2,1000}. The power gain
for a faster transition is marginal. This finding might be doghe possibly low
amount of observations in the outer regimes.

t-Test Raw F-test Raw

e = e
b . sS4 -
A=.50=4 A=.50=4
d —=50=1 1 —=50=1
-A=10=4 -A=1l0=4
o --A=1lo0=1 o | --A=1lo0=1 ;
5 o g - 5 © #
a < | a = |
o o
o o
s S ]
o o |
° T T T T T ° T T T T T
0 -0.1 -0.3 -05 -1 0 -0.1 -0.3 -05 -1
p p
t-Test Demeaned F-Test Demeaned
e o -
S sS4 =
A=.50=4 A=.50=4
o | —A=50=1 o | —A=50=1
° -A=10=4 ° -A=10=4
o | TH=lo=1 # o | TTA=lo=1 g
g © 7 g © 4
3 3
[ A a < |
o o
o~ o~
s S ]
o | o |
° T T T T T ° T T T T T
0 -0.1 -0.3 -05 -1 0 -0.1 -0.3 -05 -1
P P
e o
=] =]
o | @ 4
o o
© ©
5z °© 5z © ]
H H
3 3
a < | a v
o o
N o~
s S ]
T T T T T T T T T T
0 -0.1 -0.3 -05 -1 0 -0.1 -0.3 -05 -1
p p

Figure 2: Power results for the andF-type test fory = 1.



12 Claudia Grote and Philipp Sibbertsen

It is interesting to observe that tHe-type test gains power when the data is
demeaned or detrended whereastthype test looses power. Regarding the graphs
it can bee seen, that the power for= 0.5 dominates the power results for= 1 for
both tests and all kinds of data sets and moreover, increatiethe variance of the
innovations in the regressrr This finding is analogue to KSS, where the nonlinear
tests have superior power when the common factor restmidsiosiolated, which
is due to the increased correlation with the regressiorr,esee KSS. As expected
Johansen’s linear cointegation test is beaten by the rearicointegration tests (
andF) for all different kinds of data sets, see Table 1.

5 Conclusion

Our proposed D-LSTR function that nests discontinuoussadjant behaviour and
is also able to mimic ESTR behaviour has better power thamgpeacable linear

cointegration test. Even though it can be stated fottla@dF -type test that there is
a significant power drop for the case whex —0.3 implying that the cointegration
relation is quite weakly present in the process, we can tieskeiss conclude that our
extension of the KSS testing procedure offers reasonabep@sults. Compared
to thet-type test thd--type test provides even slightly better power results.

In addition to our approach it would be interesting to furttiscriminate between
different cases foc # 0, what meant a wider inner regime of nonstationarity.
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