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A b s tr a c t
This paper employs panel data unit root and co-integration tests, 
in the spirit o f  Pedrom (1995, 1998) and Larsson et al. (1998, 
2001), to investigate the validity or otherwise o f  the PPP 
hypothesis within the SA C U  area. We are able to f in d  evidence in 
support o f  the PPP hypothesis using Larsson et al. (1998, 2001). 
The Larsson et al.'s (1998, 2001) procedure is an extension of 
Johansen's (1988, 1995) methodology that allows for  estimation of 
the number o f  co-integrating relations. This offers an interesting 
alternative to the residual based co-integration tests.

In t ro d u c t io n
The P u rch as in g  P o w e r  Parity  (PPP) h y p o th e s is  is the 
hypo thesis  tha t exchange  ra tes  b e tw e e n  currencies  are 
d e te rm in e d  in the  long  ru n  by the  a m o u n t  of goods and 
services th a t  each  can  buy. A basic n o t io n  is tha t in the 
absence of t rad e  im p e d im e n ts ,  if the  p r ice  of tradab les  were 
low er in one co u n try  th a n  a n o th e r ,  t r a d e r s  c o u ld  gain by 
b u y in g  goods  in the  ch ea p e r  c o u n t ry  a n d  se ll ing  in the 
dearer. C onseq u en tly ,  re la tive  p rice  levels  d e te rm in e  the 
equ il ib r ium  exchange  rate.
The first p e rso n  to trea t P P P  as a p rac tica l em p ir ica l  theory is 
Cassel (1921, 1922). PPP  can  be u s e d  for a w id e  range of 
applications. For instance, in: ch o o s in g  the  r igh t initial



exchange ra te  for a n ew ly  in d e p e n d e n t  country ; forecasting 
the real ex ch a n g e  ra te  a n d  ad ju s t ing  for price differential in 
international c o m p a r iso n s  of incomes.

This p a p e r  e m p lo y s  panel d a ta  u n i t  root and  co
integration tests  to  investiga te  the valid ity  of PPP hypothesis  
in SACU area . T he  ra tiona le  for u s in g  panel da ta  un it  root 
and co -in teg ra tion  tech n iq u es  is tha t they  offer a significant 
im provem ent in a d d re s s in g  the low -pow er p rob lem  of the 
conventional tests, especially , in d eve lop ing  countries  w here  
there are  se r io u s  d a ta  lim itations; an d  facilitate pooling of 
long ru n  in fo rm a tio n  con ta ined  in the panel, while 
permitting the  sh o r t  r u n  dy n am ics  an d  fixed effects to be 
heterogeneous a m o n g  d ifferen t m em bers  of the panel. 
Moreover, lo n g - ru n  re la tions  be tw een  tw o  in tegrated  panel 
vectors can  exist e v e n  th o u g h  there  is n o  ind iv idual time 
series co - in teg ra t io n  (Phillip  a n d  M oon, 1999). M ost of the 
conventional tests  su ffer  from  size d is to rt ions  (probability of 
falsely re jecting  the  nu ll  of "non-s ta tionarity"  is high, 
especially, w h e n  the  true  d a ta  g enera ting  process (d.g.p) is a 
nearly s ta t io n a ry  process). There  is a trade  off be tw een  size 
and p o w e r  in th a t  u n i t  roo t tests m u s t  have e ither high 
probability of falsely rejecting the null of non-stationarity  
when the  t ru e  d a ta  g en e ra t in g  p rocess  is a nearly stationary 
process or low  p o w e r  aga in s t  any  s ta tionary  alternative 
(Blough, 1992). T hey  are  very  sensitive to the choice of lag 
length, a n d  the  inc lu s ion  or o the rw ise  of constan t and  trend 
terms. M oreover ,  th e re  is su p p o r t in g  ev idence tha t it is the 
span of d a ta  n o t  the  frequency  of da ta  tha t m atters  for the 
power of th e se  tests  (Pedron i,  1997). Therefore, un it  root and  
co-integration tests  b ased  on  quarte r ly  data  do  not 
necessarily h a v e  be t te r  p o w er  th a n  those based  on 
corresponding a n n u a l  data . In the light of these data  
limitations, the  u se  of pane l  d a ta  is being  sugges ted  as a
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co n v en ien t  practical a l te rna tive  tha t inc reases  the  num ber of 
observa tions, hence  im p ro v e m e n t  in the  p o w e r  of u n it  root 
tests.
P ane l  U n it  ro o t  te s ts
Buaf a n d  Jorion (1990), Q u a h  (1990), L ev in  a n d  Lin (1993, 
1995) a n d  B re itung  a n d  M eyer  (1994) p re se n t  the first- 
genera tion  pane l u n i t  roo t tests. The idea  of pane l  data  unit 
roo t tests da tes  as far back  as 1990. A b u a f  a n d  Jorion (1990) 
are  p ro b ab ly  the  first to in t ro d u c e  a p an e l  un it  root 
e s tim ation  p ro c e d u re  in an  a t te m p t  to  te s t  the  purchasing 
p o w er  par ity  hypo thesis .  This w as  necess i ta ted  by the need 
to increase the  p o w e r  p ro p e r t ie s  of s ing le  e q u a t io n  unit root 
tests tha t a re  based  on very  lim ited  d a ta  span .

G enerally , a m o d e l for N  series a n d  T tim e periods  that 
encom passes  all pane l u n i t  roo t  tests is the  following:

k,

by,., = a , + P ,y , , ., + I X , A> V ,  + u,j i = 1, 2, N;
7  =  1

t = 1, 2, ..., T.
In the sp ir i t  of A b u af  a n d  Jorion (1990), all the  yft's are 
res tric ted  to  be identica l a n d  the  la g g ed  differences are 
o m itted  for each  of the  N  equa t ions .  T he  u n i t  root null 
hypo thes is  be ing  tested  is th a t  / ? ,= / ?  = 0 a n d  th e  alternative 

is th a t  of s ta t ionar i ty  across the  panel.
Levin  a n d  Lin (1993, 1995) re ta in  the  all-or-nothing 

a p p ro a c h  f ro m  A b u a f  a n d  Jorion. In a d d i t io n ,  how ever, they 
cam e u p  w ith  s tatistical fo u n d a t io n s  for the  pane l  un it root 
tests a n d  ta b u la te d  critical v a lues  for a ra n g e  of values of N 
a n d  T in m o d e ls  invo lv ing  e i the r  fixed effects or a one 
c o m m o n  in te rcep t  across the  panel. M oreover,  their 
specification a l low s for a d d i t io n  of lag g ed  augm entation 
terms. H o w e v e r ,  th ey  m a d e  n o  a l low ance  for 
c o n te m p o ra n e o u s  cross-corre la t ion  of the  errors.
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As Breuer e t al. (2001) p o in t  out, it is incorrect to conclude 
that rejection of the  null h y po thes is  u s ing  the Levin and  Lin 
approach signifies  s ta t ionar i ty  of all variables in all the 
members of th e  panel .  Rejection of the null hypothesis  of 
u n it root in a pane l  se t t ing  can com e u p  w h en  some, bu t not 
all, m em bers  of the  pane l  are  s tationary .

The im p o r ta n t  m od if ica t ions  of the  Levin-Lin test include 
Papell (1997), O 'C o n n e l l  (1998) an d  P edron i (1995, 1997a). 
These re ta in  the  a l l-o r-no th ing  style, therefore, m ay  lead to 
serious m is in te rp re ta t io n  if ap p l ied  to m ixed  panels  (Breuer 
et al., 2001).

Papell (1997) m o d if ied  the  Levin a n d  Lin specification 
slightly to a l low  for h e te ro g en eo u s  serial correlation of 
errors. M oreover ,  the  lag  s tru c tu re  can differ across the 
panel m e m b ers ,  b u t  n o  a llow ance is m a d e  for possible 
contem poraneous e r ro r  correlations.

O 'C onne ll  (1998) m odifies  the Levin an d  Lin 
specification by  m a k in g  an  a llow ance for con tem poraneous  
cross-sectional d e p e n d e n c e  in the  data. M oreover, O 'Connell 
includes lags of th e  d e p e n d e n t  variable  (as regressors) to 
account for poss ib le  serial correlation. H ow ever, the lag 
structure is re s tr ic ted  to  be h o m o g en eo u s  across the panel 
(i.e 8 's a n d  k 's  a re  identical).

Pedroni (1995, 1997a): s tu d ie d  the tests for the null of no 
co-integration in b o th  h o m o g e n eo u s  an d  heterogeneous 
panels. In re sp ec t  of h e te ro g en eo u s  panels, Pedron i (1995, 
1997a) p ro v id e s  a sy m p to t ic  d is tr ibu tions  for the test 
statistics th a t  a re  a p p ro p r ia te  for various  cases w ith  
heterogeneous d y n am ics ,  fixed effects an d  ind iv idual 
specific d e te rm in is t ic  trend . P ed ron i 's  (1997a) tests are 
suitable for th e  case  w i th  co m m o n  au toregressive  roots 
under the a l te rn a t iv e  a n d  also  pe rm it  heterogeneity  of the 
autoregressive roo t u n d e r  the  alternative.
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A major setback  as far as the Levin a n d  Lin specification is 
concerned  is tha t identical o rd e rs  of in teg ra t io n  are  imposed 
across the panel. As no ted  earlier  on, the  null hypothesis is 
that all series con ta in  a u n it  root, w h ile  the  a l te rna tive  is that 
all series are  s ta tionary . Breuer et al. (2001) question the 
correctness of this ap p ro ach .  In par t icu la r ,  they  demonstrate 
w ith  M onte  C arlo  s im u la tions  h o w  th is  p ro c e d u re  performs 
in panels  w ith  d ifferen t o rd e rs  of in teg ra tion .  Their  findings 
show  tha t rejection of the  null h y p o th e s is  is possible even 
w ith  just one s ta t ionary  m e m b e r  of the  panel and the 
rejection ra te  increases w ith  the n u m b e r  of 1(0) series in the 
panel. It is no tew orthy ,  ho w ev er ,  th a t  th o u g h  the null may 
be correctly rejected, the  a l te rn a t iv e  of "all-stationary" is 
false in m ixed  panels.

H av in g  recogn ized  the  p ro b le m  in h e re n t  in the Levin 
an d  Lin 's  "a ll-o r-no th ing  ap p ro ac h ,  Im  e t al. (1997), Maddala 
and  W u (1997), Sarno  a n d  T ay lo r  (1998), T ay lo r  and  Sarno
(1998) a n d  W u a n d  W u (1998) p ro v id e  second-generation 
panel u n it  roo t tests  th a t  p e rm i t  the  autoregressive 
coefficient to differ a m o n g  the m e m b e rs  of the  panel under 
the a l te rna tive  hypo thesis .  In re sp ec t  of the second- 
genera tion  pane l u n i t  roo t tests, re jection of the null 
hypothesis  im plies  th a t  " n o t  all m e m b e rs  of the panel are 
non-s ta tionary" .  This s o u n d s  p lau s ib le  g iv e n  tha t in real life 
s itua tion  m ixed  p ane ls  ca n n o t  be av o id ed .

Im et al.'s (1997) test sta tis tic  is a s im p le  average  of the t- 
statistics on the /Jrs p ro d u c e d  by N  s ing le -equa tion  ADF test. 
Since the 'N '  ADF eq u a t io n s  a re  in d e p e n d e n t ,  then  their test 
allows d ifferen t au to -reg ress iv e  coefficients  as well as 
different lags s t ru c tu re s  in the p an e l  (N  ind iv idua l series). 
A lthough  this is a s ign if ican t im p ro v e m e n t  over the "all-or- 
no th ing" app roach ,  it does  n o t  a c c o u n t  for contemporaneous
cross-correlations.
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Madclala a n d  W u 's  (1997) ap p ro a c h  is similar to Im et al.
(1997), b u t  they  c o n s tru c t  the F isher test statistic using p- 
v a lu e s  c o r r e s p o n d in g  to the  ind iv id u a l  t-statistics on the /3*'s.

Wu a n d  W u (1998) a d a p t  bo th  Im et al. (1997) and  Fisher 
tests to a l low  for the  c o n te m p o ra n e o u s  correlations of the 
residuals u s in g  seem in g ly  u n re la ted  regression (SUR)
estimation.

Sarno a n d  T ay lo r  (1998) an d  Taylor an d  Sarno (1998) 
p r o v id e  a m u l t iv a r ia te  a u g m e n te d  Dicky-Fuller test (MADF) 
that is b a sed  o n  SUR es tim a tion  of the unrestric ted  version 
of the m o d e l  above . The M AD F allow s for both 
heterogeneous lags s t ru c tu re s  a n d  con tem poraneous  error 
correlations ac ross  th e  panel. H e te rogeneous  autoregressive 
coefficients a re  p e rm i t te d  across the panel und er  the 
alternative h y p o th e s is .

In a n u tsh e l l  the  second -genera tion  panel u n it  root tests 
acknowledge th e  fact th a t  there  can be a mixture of 
stationary a n d  u n i t  roo t processes  in the panel under  the 
alternative h y p o th e s is .  H o w ev er ,  these tests are incapable of 
providing in fo rm a t io n  p e r ta in in g  to the exact mix of series 
in the p an e l  w h e n  the  null hypothesis  is rejected. 
Consequently, B reuer  e t al. (2001, 2002) p ropose  the tests 
that use th e  m e th o d  of seem ing ly  un re la ted  regressions 
applied to  a p a n e l  ADF equa tions  in w hich the 
autoregressive coefficients  are  he terogeneous  across the 
panel. T hese  tests  are  capab le  of p rov id ing  the researcher 
with in fo rm ation  p e r ta in in g  to the  exact mix of series in the 
panel w h e n  th e  nu ll  h y p o th e s is  is rejected. A lthough the 
Breuer et al. 's  (2001, 2002) SURADF test is, by and  large, 
more p o w erfu l  th a n  the  s ing le -equation  tests, its pow er can 
be modest if th e  n u m b e r  of tim e series observations is 100 or 
less and the  la rg e s t  au to re g re ss iv e  root is close to one. Other 
panel da ta  u n i t  ro o t  tests  ou t-p e rfo rm  the SURADF test in
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this case. T he gains from  u s in g  SU R A D F are , also, reduced 
w h e n  the re s idua l  cross-corre la tions  a re  low  (Breuer, 2002).

It is n o te w o r th y  that, th o u g h  the  seco n d -g en era tio n  tests 
offer a s ignificant im p ro v e m e n t  o ver  th e  Levin-L in  test, the 
in fo rm ation  they  p ro v id e  u n d e r  the a l te rn a t iv e  hypothesis  is 
of lim ited  practical significance. T he  m a in  tro u b le  w ith  these 
tests is tha t they  are  incapab le  of p ro v id in g  information 
ab o u t the  mix a n d  iden tity  of the  series  for w hich  the 
al te rna tive  h y po thes is  ho ld s  (Breur, 2001, 2002).

C o - in te g ra t io n  Tests
In respect of co-in tegra tion  tests, n o ta b le  s tu d ie s  include 
P ed ro n i 's  (1995, 1998), L arsson  et al. (1998, 2001) a n d  Groen 
a n d  K leibergen 2003. P ed ro n i 's  (1995, 1998) tests are 
re s idua l-based  co -in teg ra tion  tests. P ed ro n i  (1995, 1998) 
considers  several types  of specifications, h o m o g e n e o u s  and 
he te ro g en eo u s  m odels . H e te ro g e n e o u s  m o d e ls  allow for 
differen t in d iv id u a l  effects by in t ro d u c in g  p a ram ete rs  that 
can  vary  across ind iv idua ls .  P e d ro n i 's  p an e l  co-integration 
tests h av e  been  u sed  in several em p ir ica l  s tu d ie s  including, 
P ed ron i (1997), N a g a y a s u  (1998), a n d  C a n n in g  a n d  Pedroni
(1999). T he first tw o  e m p lo y  P e d ro n i 's  te sts  to test the PPP 
hypo thesis ,  w h ile  the  la tte r  ap p l ie s  the  sa m e  tests  to test for 
co-in tegra tion  b e tw ee n  in f ra s tru c tu re  va r iab les  a n d  GDP.

P ed ron i (1995, 1998) describes  a m e th o d  to use in 
im p le m e n tin g  tests for the  nu ll  of " n o  co - in teg ra t ion"  for the 
case w ith  m u l t ip le  reg resso rs  a n d  p ro v id e s  appropriate 
critical values. The tests  a l low  for h e te ro g e n e i ty  among 
in d iv id u a l  m e m b e rs  of the  panel ,  h e te ro g e n e i ty  in both the 
long  r u n  co - in teg ra t ing  vecto rs  a n d  h e te ro g en e ity  in the 
dy n am ics  assoc ia ted  w ith  sh o r t  r u n  d e v ia t io n s  from  these 
co -in teg ra ting  vectors.
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Unlike in a co n v en t io n a l  tim e series case, Pedroni (1995, 
1998) d o e s  n o t  a d d re s s  issues rega rd ing  norm alization 
and /or  n u m b e r  of co - in teg ra t ing  re la tionsh ips  bu t focuses 
solely on r e p o r t in g  critical va lues  for the case w here  the null 
hypothesis is " n o  co -in teg ra tion"  versus  the alternative of 
co-integration. T h e  e m p h as is  is on w h e th e r  or not the 
variables a re  co - in teg ra ted  (not on  the n u m b e r  of co- 
integrating vectors). Panel co-in tegration  techniques allow 
researchers to, selectively, pool in form ation  regard ing  
common long  ru n  re la t io n sh ip s  from  across the panel while 
still a l lo w in g  the  assoc ia ted  sh o r t  ru n  dynam ics  and  fixed 
effects to be h e te ro g e n e o u s  across d ifferent panel members. 
This, also, h e lp s  c i rc u m v e n t  the p rob lem  of low pow er that 
is com m on in co n v e n t io n a l  tests, especially, w h en  applied  to 
series of on ly  m o d e ra te  length . In panel co-integration tests, 
the null h y p o th e s i s  is th a t  for each m em b er  of the panel, the 
variables in q u e s t io n  are  n o t  co-in tegrated . The alternative 
hypothesis is th a t  for each  m e m b er  of the panel there exists a 
single co - in te g ra t in g  vec tor  (a lthough  the co-integrating 
vector n e e d  n o t  be the  sam e  for all members). More 
importantly, the  p an e l  co -in teg ra tion  tests no t only allow the 
dynamics a n d  fixed effects to differ across m em bers  of the 
panel, b u t  a lso  a l lo w  the  co-in tegrating  vector to differ 
across m e m b e rs  u n d e r  the  a l te rna tive  hypothesis.

Larsson e t al. (1998, 2001) a n d  G roen  an d  Kleibergen 
2003 are b a se d  o n  M a x im u m  Likelihood-based  inference for 
vector au to -re g re ss iv e  m o d e ls  d ev e lo p ed  by Johansen  (1988) 
and Johansen  a n d  Juse lius  (1990). Their panel tests offer an 
interesting a l te rn a t iv e  to  res idua l-based  co-integration tests 
(Pedroni,1995,1998) becau se  they  allow  for es tim ation of the 
number of co - in teg ra t in g  vectors tha t the different 
individuals h a v e  in c o m m o n  w ith in  a panel. It is 
noteworthy, h o w e v e r ,  th a t  L arsson  et al. (1998, 2001) assum e
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a block d iagona l cross-section co v a r ian ce  s tru c tu re  while 
G roen  and  K leibergen (2003) a l low  for an  unrestricted 
d is tu rb an ce  covariance  m atrix  w ith in  a panel. This permits 
in s tan tan eo u s  feedback  b e tw ee n  the  d if fe re n t  m em bers of 
the panel.

T h e  m o d e l  a n d  m e th o d o lo g y  
T es t in g  fo r  PPP
We consider  the  fo llow ing  reg ress ion  in a p a n e l  framework:
1.1 P ‘!, = a l + PlP!, +e„ t = 1, 2.......... ,T;i = i,

2 , . . N,
w h e re  p ‘‘ an d  p ’ are, respec tive ly , d o m e s t ic  prices and

foreign cu rrency  prices; T a n d  N are  n u m b e r  of observations 
and  the n u m b e r  of in d iv id u a ls  m e m b e rs  of the panel, 
respectively. In c o m m o n  w ith  P ed ro n i  (1995, 1998) and 
Larsson  et al. (1998, 2001), the  s lo p e  coefficients f t s  are 
a llow ed  to v ary  across in d iv id u a l  m e m b e rs  of the panel. 
M oreover, m e m b e r  specific in te rcep t  a { (fixed effects 
p aram eter)  is p e rm it te d  to v a ry  across  in d iv id u a l  members. 
Also, an  a l low ance  is m a d e  for d e te rm in is t ic  tim e trends that 
are specific to in d iv id u a l  m e m b e rs  of th e  panel .

A ccord ing  to the co in teg ra t ion  li te ra tu re ,  P PP  holds if p J 

an d  p i  a re  in d iv id u a l ly  n o n -s ta t io n a ry  b u t  cointegrated. 

H ow ever ,  the  tw o  price m e a su re s  s h o u ld  be  expressed in 
te rm s of the  sam e  cu rrency . C o n s e q u e n t ly ,  equation  (1.1) 
becomes:

1 2  P'n = « ,  + P ,p !,' +£„
w here  p jf  is ( En) a n d  Eh is the  e x c h a n g e  ra te  (defined as 

the price of fo re ign  cu rren cy  in te rm s  of d o m e st ic  currency).
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Review of E c o n o m etr ic  M e th o d s  
Panel D a ta  U n i t  R o o t T es ts
In co m m o n  w ith  P ed ro n i (1998), w e consider  the following 
Model:

1.3 y„ = a ,  +S,t + f iuX Ul + f f2iX 2ll +■■■ + Pm, X mil + eH, 
t= l  ,2 , . . . . ,T ; i  = l , . . . , N ;  m = l ,  . ..,M  

where T  is the  n u m b e r  of observa tions  over time, N  s tands 
for the n u m b e r  of in d iv id u a l  m em bers  in the panel, an d  M 
represents the  n u m b e r  of regress ion  variables.

In th is  case th e re  will be N  d ifferen t equations, each of 
which has  M  reg resso rs .  O f notable  im portance  is the fact 
that the s lo p e  coefficients fi's are  a llow ed  to vary  across 
individual m e m b e rs  of the panel. M oreover, there is a 
member specific in te rcep t a u fixed effects p a ram e te r  that is 
permitted to v a ry  across ind iv idua l  m em bers.

In re sp ec t  of w ith in -d im e n s io n  statistics (panel 
cointegration statistics), the null hypo thesis  is:

Ho:/} = l ,  for all i, 
against the  a l te rn a t iv e

Hi: p, = p  < 1 for all i, 
so that a c o m m o n  v a lu e  for p, = p  is assum ed . O n  the 
contrary, for the  b e tw ee n -d im en s io n  statistics (g roup-m ean  
panel c o in teg ra t io n  statistics) the null hypo thesis  is:

H 0: p  = 1, for all i, 
against the  a l te rna t ive ,

Hi: p, < 1, for all i, 
where p, is the  au to -reg ress iv e  coefficient of the variable  in 
question.
The statistics d e f in e d  be low  are extracted  from  Table I of 
Pedroni (1998). T he  statistics as defined  in Table I of Pedroni
(1998) a re  u se d  for co -in teg ra tion  tests, therefore, for unit 
root tests, a p p ro p r ia te  ad ju s tm e n t  is necessary. For instance, 
estimated e r ro rs  s h o u ld  be rep laced  by the variables in
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question . T he tests can be u sed  for b o th  purposes 
(co in tegra tion  a n d  un it  roo t tests). For ins tance, given the 
fo llow ing  equation : y u = P'y2, + ll<> ^  111 has  a u n i t  root, then 

>' i, ~ P 2, is no t  a co - in teg ra ting  re la tionsh ip .

G ro u p  f-Statistic:
(non-param etric )

The re s idua ls  a n d  //„ a re  o b ta in e d  from the

following:

G ro u p  f-Statistic: 
(param etric )

; = l V (=1 y  1 = 1

1 v -
W here  / ,  = .. T  1

I  v-.l V

G =P,e„., +S f
k,

e„ = P,ea-\ +M„>

M
* x m + n„ , repec tively .
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For the  n o n -p a ra m e tr ic  statistics, the au to -regression  is of 
the form:

= A V i + A ■
The re s id u a ls  a re  used  to  co m p u te  the long run  variances of 
//„ d en o te d  by  <r2 . This, in tu rn , is u sed  to com pute  

■ d 2 - . s ' 2
Xt defined  by: A, = -----, w h e re  .v2 deno tes  a simple

variance of / / , . For the param etr ic  statistics, the au to 
regression is of the  form:

k,

1 + Z ^ / * Acv *  + A’ -
*=i

The resiciuals a re  u se d  to co m p u te  the s im ple  variance of 

that is d e n o te d  by  s ’1 .

The s ta n d a rd is e d  vers ions  for bo th  param etric  and  non- 
parametric s ta tis tics  h av e  the sam e asym pto tic  distribution:

iV‘ Z, - 0 2J n  —> /v(o,y/22), w h e re  8 a n d  ip are,

respectively, the  vec to r  of m ean s  and  covariance matrix  of 
the vec to r  functional.  T he statistics are norm ally  d istr ibu ted  
as ind ica ted  above. T he  va lues  of the statistics d iverge to 
negative infinity . L arge  negative  values  im ply  rejection of 
the null.

C o-in tegration  T es ts
In co m m o n  w ith  L arsson  et al. (1998, 2001) w e  consider the 
following m odel:

1.3 . = £ n ;1 r , i - i  n
*=i

and the h e te ro g e n e o u s  e r ro r  correction  m odel becomes:



a-,-1
1.4. AY,, = 11,Y , ,_t + X l ' (*AY(f.* +£„ i = 1,

A' =1

and  £•„ ~
w here  N, T  are, respectively , n u m b e r  of g ro u p s  and  the 
observa tion  period. All the coefficient m atr ices,  n „  are of 

o rder  p x p (p s tan d s  for the n u m b e r  of va r iab les  in each 
group). If Id, is of red u c e d  rank , r, th e n  it m a y  be defined as

n  = A,B , w h e re  A, a n d  B, a re  m a tr ices  of o r d e r  p x r , and

full co lum n  rank. The erro r-co rrec tion  m o d e l (1.4) is similar 
to the one  p resen ted  by Johansen  (1995) w h e re  multivariate 
co-in tegration  analysis  is carr ied  o u t  u s in g  d a ta  set relating 
to an  ind iv idua l  g ro u p  as o p p o s e d  to  a pane l  data. The 
Johansen 's  (1995) red u ce d  ran k  e s t im a t io n  procedures 
facilitate es tim ation  of the ra n k  of H, a n d  testing of 

hypotheses  on A\ an d  6,. In particu la r ,  w e  n o te  th a t  dropping 
g roup  index i from  (1.4) leaves us  w i th  the  well known 
Johansen  (1995) e rro r-correc tion  m o d e l .1 
The panel test of co - in teg ra ting  ra n k  is b a sed  on  the group 
specific rank  test as p re sen te d  in Jo h a n se n  (1995). The null 
hypothesis  is tha t all the  N g ro u p s  in the  pane l  have the 
sam e n u m b e r  of co -in teg ra ting  re la t io n sh ip s  a m o n g  the p 
variables (r, = r). The ran k  h y p o th e s is  is g iv e n  by:

H 0 : ra /7^ (n ,) = rt < r , for i = 1 ,N

against the a l te rna tive  tha t
// ,  : r a n k in g  = p  for all i = 1, N

The trace statistic (L ikelihood ra tio  test) for g ro u p  i is given 
by:
LR,r (H (r)  \ H {p) = - 2  In OtI { f l{ r ) \  H {p))  = - 2  I n {H(r) \ H (p ))

The LR-bar statistic, the av e ra g e  of the  N in d iv id u a l  trace 
statistics is defined  as:
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I t s ,  ( a ( r ) \ a { p ) ) = - l f i U „ ( l l { r ) \ H ( p ^
P* 1 = I

A s ta n d a rd iz e d  v e rs io n  of this LR-bar statistic that is 
proposed as a basis  for the panel co-in tegration  rank  test is 
defined as:

y[N
7 (//('■) " ( /> )) L R „ ( H ( r ) \ H ( p ) ) - E ( Z k)
LR ^D ur{Zk )

where E (Z a)  a n d  var(Zk) are, respectively, m ean  and  variance 
of the a sy m p to t ic  trace statistic (requ ired  for the calculation 
of the s ta n d a rd iz e d  pane l ran k  statistics). The s tandard ized  
statistic is sa id  to  c o n v e rg e  to a no rm al d is tr ibu tion  as N and 
T a p p ro ac h  in f in i ty11 g iven  he fo llow ing assum ptions  and 
lemmas (L arsson  e t al., 1998, 2001): first, the da ta  generating 
process is co v a r ian ce  s ta t iona ry  for each group. This ensures 
that the v a r iab les  b e in g  dea l t  w ith  a re  in tegrated of order 
one, at m ost. Second , the  stochastic  te rm  in equation  (1.4) 
has the u s u a l  p ro p e r t ie s  a s s u m e d  in conventional regression 
analysis, n am e ly ,  th a t  E \^ t/)= 0  and

Q, for i = j

£(t , 0  = <
0 fo r  i *  j

Finally, the  d e r iv a t io n  of the s tan d a rd ized  statistic is based 
on the L e m m a  th a t  the  second  m om ent,  E(Zk) exists and  is 
finite. The ex is tence  of the  first tw o  m om en ts  of Z a is needed 
for es tab lish ing  the  a sy m p to t ic  d is tr ibu tion  of the panel rank 
statistic u s in g  cen tra l  lim it theo rem  (Larsson et al., 1998, 
2001). T he  r e q u i r e m e n t  th a t  T —> x  guarantees  the 
convergence of the  in d iv id u a l  trace statistic to Z a, while N  -■> 
® is a r e q u i r e m e n t  for the central limit theorem  to apply. 
Note tha t N  a n d  T increase  to infinity in such a m anner that 

v.\T ' —> 0 (for k > 0). This cond ition  ensures  that the error



caused  by u s in g  the asym pto tic  m e a n  E(Zr) in s tead  of the 
finite s am p le  m e a n
E(-21uQ t) v an ish es  as N  an d  T  a p p ro a c h  infin ity  (Larsson et 
al., 1998, 2001).

L arsson  et al. (1998, 2001) p ro v id e  the  re le v an t  expected 
m ean , E(Zf) a n d  variance, var(Zk) th a t  a re  u se d  in the panel 
rank  test for a case of k = p  -  r (= 1, .., 12). T hey  propose a 
sequen tia l  tes t ing  p ro c e d u re  s im ila r  to th a t  of Johansen 
(1988). G iv en  the  h y p o th e s is  that: / / 0 : ra n k (n  t )= r, <r  for 

all i, they, first test r = 0, fo llow ed  by r = 1 (if r = 0 is 
rejected). This sequen tia l  p ro c e d u re  c o n t in u e s  till the null is 
no t  rejected. T hey  co n d u c t  a o n e -s id ed  Z-test, su ch  that the 
null h y p o th es is  is rejected if :

y (H (r)  \ H (p ))  > Z,_a ,
I.K

w h ere  Zi-« is the  s ta n d a rd iz e d  n o rm a l  (1 -  a) quan tile .  

E m pir ica l re s u l t s
O u r  s tu d y  e m p lo y s  q u a r te r ly  tim e series  d a ta  from  the four 
SACU m e m b e r  coun tries ,  n am ely ,  B o tsw ana ,  Lesotho, 
S w aziland  a n d  N am ib ia .  The d a ta  co v er  the  p e r io d  1981:1 to 
2000:4. The price  series u se d  are  C P I 's  for the  fo u r  countries. 
M oreover, the  S o u th  A frican R an d  is u se d  as a base 
currency.

First, w e  investiga te  the  tim e series  p ro p e r t ie s  of the data 
(estab lish ing  w h e th e r  or no t  the  va r iab les  in question  are 
s tationary). The p re se n t  s tu d y  e m p lo y s  A DF version of 
g ro u p  m e a n  pane l u n it  roo t  test su g g e s te d  by Ped ron i (1995, 
1997a, 1998). In particu la r ,  the  g ro u p -f  test statistic  is used. 
P ed ron i p ro v id e s  the  p ro g ra m  u se d  for im p lem en tin g  the 
tests.

Finally, w e  use  the L arsson  e t al. (1998, 2001) tests to 
establish  ex istence o r  o th e rw ise  of co in teg ra t io n  am ong  the 
variab les  in question . A l th o u g h  K le ib e rg en 's  (2003) tests
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m ay p e r fo rm  be tte r  than  Larsson et a l / s  (1998, 2001) tests, 
the p ro g ra m  for im p lem en tin g  the tests is no t yet available 
to us.

U nit  ro o t  te s ts
The u n i t  roo t  test resu lts  are  su m m a rized  in Table 1.1. Table
1.1 s h o w s  the  resu lts  of bo th  ind iv idua l and  panel un it  root 
tests, w h o se  a im  is to establish  the o rd e r  of in tegra tion  of 
each variab le .  W e use  the g ro u p - t  test statistic p ro p o sed  by 
Pedroni (1995, 1998). The null hypo thesis  is " n o n -  
s ta t ionarity"  w h ile  the a l te rna tive  is "sta tionarity" .  As 
h igh ligh ted  above , the P ed ron i 's  tests a llow  for 
he te rogene ity  across  ind iv iduals .  M oreover, the tests 
p rov ide  b o th  in d iv id u a l  a n d  panel statistics. The statistics 
are d is t r ib u te d  as N(0, 1) u n d e r  the null hypo thesis  of unit 
root. Large n eg a t iv e  va lues  lead to rejection of a un it  root in 
favor of s ta t ionar i ty .  The lag selection p ro ced u re  ad o p ted  
here is th a t  su g g e s te d  by C am pbell  a n d  P erron  (1991). The 
p ro ced u re  s ta r ts  w i th  an  u p p e r  bou n d , k = Kmax . If the last 
lag is ins ignificant, then  k is reduced  by one till a significant 
lag is fo u n d .  In som e  cases no  lag is found  significant, 
therefore, k is set equa l to zero. W e find k = 4 to be the m ost 
a p p ro p r ia te  lag  length . It is w o r th  no ting  tha t as in the 
conventional u n i t  roo t tests, over fitting the m ode l could  be 
costly in te rm s  of po w er ,  w hile  u n d e r  fitting m ay in troduce 
size d is to r t io n s  (Luintel, 2001).

If the  null c a n n o t  be rejected, then  one m ay  assum e that 
the v ar iab les  a re  1(1). It m ay  be adv isab le  to test for un it  root 
in first d iffe rences  to check for a h ighe r  o rd e r  of integration. 
In tha t ev en tu a li ty ,  how ever ,  the null is tha t the variables are 
1(2) a g a in s t  the  a l te rn a t iv e  tha t they  are  1(1). Therefore, the 
test e x p re ssed  in levels on  Table 1.1 tests the null tha t a 
series is 1(1) ag a in s t  the a l te rna tive  of sta tionarity , 1(0). The
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second  test, expressed  in first d ifference, tests the null 
h y p o th e s is  th a t  the series is 1(2) aga in st the  a l te rna tive  of 
1(1). In bo th  cases d ifferen t scenarios  a re  con s id e red .  The 
first co lu m n  d ep ic ts  a s i tua tion  w h e re b y  on ly  a cons tan t is 
a l low ed  (no tim e trend). The second  co lu m n  d ep ic ts  a case 
w h e re  b o th  co n s tan t  a n d  tren d  a re  in c lu d ed  C o m m o n  time 
d u m m ie s  a re  inc luded  so as to p u rg e  the d a ta  of any 
c o m m o n  effects across the countries . T he  fixed effects 
p a ra m e te r  (m em b er  specific in tercept)  a re  p e rm i t te d  to vary 
across in d iv id u a l  m e m b ers  of the panel. M oreover ,  w e  allow 
for m e m b e r  specific t im e trends . The tw o  scenarios  depicted 
in Table 1.1 lead to d iffe ren t conc lu sions  re g a rd in g  the 
s ta t ionarity  or o th e rw ise  of the variab les , especially , in the 
case of pd. W ith  " co n s tan t  on ly"  specification, pd appea rs  to 
be s ta t iona ry  for all the in d iv id u a l  co u n tr ie s  in the  panel. But 
w ith  "c o n s ta n t  p lu s  t ren d "  specification, pd a p p e a r s  to be 
n o n -s ta t io n a ry  for all the in d iv id u a l  co u n tr ie s  in the  panel. 
This h igh l igh ts  the  sensitiv ity  of the  test to the  inclusion or 
o th e rw ise  of t ren d  variab le  in the  m odel.  P re lim in a ry  tests 
(graphical analysis)  d id  su g g es t  th a t  the  inc lus ion  of a trend 
te rm  is ap p ro p r ia te .  The fo re ign  price, p ie , how ever,  is 
consis ten tly  n o n -s ta t io n a ry  in levels. Both var iab les  appear 
to be s ta t io n a ry  in first d ifferences. The critical v a lu es  for the 
ADF statistics for the  in d iv id u a l  m e m b e rs  of the  panel are 
o b ta in ed  from  M ack inon  (1991).

If w e  base  o u r  decision  o n  the " c o n s ta n t  p lu s  trend" 
specification  th e n  b o th  v ar iab les  a re  non-stationary, 
in teg ra ted  of o rd e r  one, a t least. In th a t  even tua li ty ,  we 
conc lude  th a t  the  var iab les  are  1(1), b ecau se  the  null of non- 
s ta t ionarity ,  1(1) c a n n o t  be  rejected in the  te s t  expressed  in 
levels, b u t  the null of 1(2) is re jected in fav o r  of 1(1) in the test 
exp ressed  in first d ifferences  ( in d iv id u a l  c o u n t ry  tests). Note 
th a t  since h e te ro g e n e o u s  lag  tru n ca t io n  is p e rm it ted ,  then,



we h av e  d if fe re n t  lag  leng ths  per  series per coun try  as 
presented in b racke ts  in Table 1.1.

We can  d r a w  a s im ilar  conclusion  from  the panel unit 
root test, b eca u se  it exam ines  the sam e hypothesis  as in the 
case of the  in d iv id u a l  u n it  roo t test. Based on  the panel test, 
the null of 1(1) ( levels test case) canno t be rejected while that 
of 1(2) (first d ifferences  test case) is rejected in all the cases. 
Therefore, as  in the  case of ind iv idua l un it  root test, the 
variables in levels  a re  non -s ta t ionary  w hile  those in first 
differences a re  s ta t io n a ry  (constan t p lus trend  specification).
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Table 1.1: P edroni's  U nit Root Tests Results (G roup-t test) ’ ---—

Differences
Levels First

Countrv Variable constant 
trend

constant + trend constant constant +

Botswana
HI

pd -8.89* [0] -0.05 12] 11.25* 10] -8.34*

[0]
pfe -1.43 PI -0.05 121 -10.60* [0] -10.90’

Lesotho
[0]

pd -8.89* [0] -0.20 PI -5.58* [0] -5.80*

PI

p* -1.55 [21 -0.20 111 -10.58* [0] -7.66*

Namibia
[0]

pd -8.89* [0] -1.32 [0] -8.06* [0] -8.04*

[1]

pfe -1.46 [0] -1.32 [0] -10.65* [0] -7.66*

Swaziland
[0]

pd -8.89* [0] -2.55 [0] -10.09* [0] -10.03’

[0]
pie -2.58 [0] -2.55 [0] -10.65* [0] -10.96’

Panel Unit Root Test 
pd -17.44* T08 -17.11* -15.69*

_____________p f -0.51____________ 108_____________ -21.56*___________-21.22*
Notes: * signifies the statistics that are significant at 10 percent level of significance 
or better. For the unit root test indicated by "Levels", the null hypothesis is that the 
time series are 1(1) against the alternative that the series are stationary' while that 
denoted by "First Difference" examines the null of 1(2) against the alternative of 
1(1). The num bers in square brackets are truncation lags used to elim inate auto
correlation.

L arsson  et al co - in teg ra t io n  test
Larsson et al (1998) offer a panel test for ex istence of a 
co m m o n  co -in teg ra tion  rank . T heir  test is an  a ttractive 
a l te rna tive  to  the re s idua l-based  c o - in teg ra t io n  tests. Their 
rank  test a llow s for es t im a tion  of the  n u m b e r  of co- 
in teg ra ting  rela tions, as o p p o s e d  to the  tw o -s te p  residual- 
based  co-in tegra tion  tests (such as P e d ro n i 's  tests). T he two-



step re s id u a l-b a se d  co -in teg ra tion  tests only deal w ith  the 
existence of co - in teg ra t io n  w ith  an  arbitrarily  im posed 
normalization.

In c o n d u c t in g  the  Larsson et al (1998, 2001) tests, we 
consider the  h e te ro g e n e o u s  panel e rro r  correction model 
(1.2) a b o v e  w ith  va r iab le  vector:

K  = { p J ' P ' ‘ I*
The in d iv id u a l  c o u n try -b y -c o u n try  an d  the panel test results 
are p re se n te d  in T ab le  1.2 below. For all four countries, a 
common la g -o rd e r  (k, = 4) is selected. The individual
country trace test s ta tis tics  for the hypo theses  H(0) to H( 1) 
are p re s e n te d  a t  the  u p p e r  p ar t  of Table 1.2, while the panel 
test resu lts  a re  p re s e n te d  a t the bo tto m  of the Table. The 
individual c o u n t ry -b y -c o u n try  test resu lts  suggest rank, r = 1 
for B otsw ana  a n d  L eso tho  w hile  the rest r = 0. This suggests 
existence of co in teg ra t io n  only  in the cases of Lesotho and 
Botswana.

M ore in te res ting ly ,  the panel test results suggest 
existence of o n e  (1) co m m o n  co-in tegrating  relation. The 
presence of co in te g ra t io n  be tw een  the variables is, according 
to the c o in te g ra t io n  li te ra tu re ,  an  ind ication that PPP holds 
within SACU.

It is n o te w o r th y ,  h o w ev er ,  tha t though  the Larsson et 
al.'s (1998, 2001) a p p ro a c h  is capab le  of determ in ing  the 
number of co in te g ra t in g  vectors that the different 
individuals h a v e  in c o m m o n  w ith in  a panel, it does not 
control for c ross-sec tiona l d e p en d e n ce  a m o n g  the panel, that 
is, the a n a ly s is  a s su m e s  a b lock-diagonal cross-sectional 
covariance m atrix .  D is reg a rd in g  the possibility of cross- 
sectional c o r re la t io n  across  the ind iv idua l d is turbances may 
introduce te s t  s ize  d is to rt ions .  In the case of SACU, chances 
are h igh  th a t  m o s t  price levels are  d r iven  by a com m on 
external sh o ck  (e.g. m o n e ta ry  shocks in South  Africa). As a
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result, the  prices will be co rre la ted  across  m e m b e r  countries. 
A lth o u g h  this p ro b lem  can be c i rc u m v e n te d  by inclusion of 
c o m m o n  tim e d u m m ie s ,  the re  a re  o th e r  form s of 
d e p e n d e n c y  (existence of d y n a m ic  feedback  effects between 
variab les  of d iffe ren t countries)  tha t t im e d u m m ie s  cannot 
control.

Table 1.2: Larsson et al Panel C o-in tegration  Test R esults

C ountry-by-countrv tests

L R , A u m  ' " J
Country lags r = 0 r=  1 rank
Botswana 4 16.44 2.17 1

Lesotho 4 20.81 1.32 1
Namibia 4 15.15 5.08 0
Swaziland 4 15 0.04 0

Panel Tests

LRm (-̂ {r) \ ^(5) ) Y/a {H(r)  ̂ (̂5) )

r = 0 14.24 3.19

r = 1 1.74 1.06

Note: For the country-by-country tests the 5% critical values for the rank test 
are 15.41 and 3.76 for testing r = 0, and r = 1, respectively. The panel rank test

has a 5% critical value of 1.645. L R vi [ H ^  \  / / (5) ) and  y /; ( / / |( ( \ / / (5))

are, respechvely, the average trace statistic and the standard ized  trace statistic 
(the recom m ended test statistic)._____________________________________________

C o n c lu s io n
This p a p e r  has  a t te m p te d  to  in v es t ig a te  the  valid ity  or 
o the rw ise  of the  PPP h y p o th e is  w i th in  SA C U  area. We 
investigate  the  tim e series p ro p e r t ie s  of p an e l  d a ta  using  the 
g ro u p -t test s tatistics su g g es ted  by P e d ro n i  (1995, 1998). On 
the basis of the "co n s ta n t  p lu s  t r e n d "  spec if ica tion  that may



be m o re  a p p r o p r ia te  in this case, one fails to reject the null 
hypothesis  of non -s ta t ionarity .  Since the null of 1(1) could 
not be rejected , w h ile  th a t  of 1(2) w as rejected, one is inclined 
to c o n c lu d e  th a t  the  variab les  are  in tegrated  of o rder  one In 
respect of co - in teg ra t io n  tests, we have conducted  the 
Larsson e t al (1998, 2001) tests.

T he  L arsson  e t  al (1998, 2001) co-in tegration  test offers an 
attractive a l te rn a t iv e  to P ed ro n i 's  residual based tests. This 
test is a im e d  a t es tab l ish ing  the existence of a com m on co
integration r a n k  as o p p o se d  to the residual-based  tests that 
do n o t  a d d re s s  the  issue  of rank  order. The individual 
coun try -by -coun try  test resu lts  sugges t rank, r = 1 for 
Botswana a n d  L eso tho  w hile  for the rest of the countries r = 
0. This su g g e s ts  ex istence of co in tegration  only in the cases 
of Leso tho  a n d  B otsw ana . In respect of the panel test, which 
is of m o re  in te res t  in the  analysis , it is revealed  that there 
exists one  (1) c o m m o n  co-in tegration  rank  in the panel. 
Using th is  a p p ro a c h ,  the  PPP hypo thesis  is su p p o r ted  w ithin 
SACU area .
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i In th e  c a se  o f  Jo h a n se n  (1995), th e  co -in teg ra tin g  rank  hypo thesis is 
specified as  / / ( r ) : rank{n)  < r , ag a in s t h e  a lternative  that

I I ( p ) : r a n k { n )  = p . T h e  lik e lih o o d  ra tio  test, statistic, nam ely , trace

r p
statistic is defined as -  2 In Q 1 [H(r)  \ H ( p ) \  = - T  ^  ln(l -  i , ), where

i=r+l
f  d en o te s  th e  i,h e ig e n v a lu e . T h e  a sy m p to tic  d is tr ib u tio n  of this statistic as

r *
presented in  J o h a n s e n  (1995) is g iv en  by -  2 In Q, [H(r) \ H(p)]-> Z k,

w here zg =  tr f( d W ) W  j m V  |  w{dW)

-i

, an d  W is a B row nian

motion w i t h  k = (p -  r) d im e n s io n s .

2 jV, T —> <x> in  a m a n n e r  th a t -J~NT~k —> 0 , for k > 0.
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