                The Validity of PPP Revisited: An Application of Non - linear Unit

Root Test

Venus Khim - Sen Liew

                                                                                               Facul ty of Ec onomic s and Manage ment, Universiti P utra Malay sia

Abstract

To this end, the valid ity of purchasin g power parity (PPP) rema ins a controve rsia l issue, as

empirical e vidence is inconclusive. This study provid es robust empirical evidence to support

the view that ne gligence of non - linearity may be the culprit of these contrasting findings. This

paper demonstrates that the non - linear unit root test proposed by Kapetanois et al .  [ Journal of

Econometrics , 2003, 112, pp.359 - 379] is able to reject unit root in 4 out of 5 cases, implying

that deviations of exchange rates is mean reverting to wards the PPP equilibrium values from

the non - linear perspective,  whereas the augmented Dickey - Fulle r (ADF) test fails in 4 out of

5 cases.  Thus, previous conclusions of the invalidity of PPP ma y be due to misleading results

from the ADF test, which has low power against non - linearity.

Keywords :  Purchasing power pari ty; Mean reversion; ASEAN economies; Real

exchange rates; Non - linear unit root.

JEL Classifications

                                                                                                                :  F31

I.  INTRODUCTION

For the past few decades, the purchasing power parity (PPP) h ypothesis h as received

extensive attention from exchange rate resea rchers. The PPP, which states that the exchange

rate between currencies of two countries should be equal to the relative price of these

countries, is one of the most frequently used hypotheses for the determination of exchange

rate equilib rium. The issue o f whether PPP holds or no t has received extensive research in the

past several decades. However, to date, previous empirical studies showed contrastin g

evidence on the validity o f PPP. For instance, the empirical works of Lee (1976), Glens

(1992), Lothian and Taylor (1996), Naga yasu (1998), Coakle y and Fue rtes (2001), Azali et al.

(2001) and Razza ghipour et al.  (2001) were supportive of long - run PPP hypothesis, whereas

Corbae and Outliaris (1988), Edison and Fisher (1991), Engel et al.  (1997), O´Connel (199 8),

Cuddington and Hong (2000) and Baum et al.  (2001) provided empirical evidence against it.

Meanwhile, the work of Salehizadeh and Taylor (1999) itself showed inconclusive results.

Thus, Rogoff´s (1996) verdict that the PPP puzzle is unresolved remains v alid.

It is worth pointing out th at in the past, exchange rate movement is assumed in priori  to
exhibit linear behaviour. However, there are growin g views that the observable world is non -
linearly dynamic (Pesaran and Potter, 1993; Campbell et al. , 1997;  Barnett a nd Serletis,

2000). Empirically, a number of recent studies have provided strong evidence that exchange
rates do exhibit non - linear behaviour (see, for example, Dumas, 1992; Sarno, 2000; Baum et
al. , 2001; Liew et al ., 2003 ). In particular, Dumas  (1992) argued, in his ^no - arbitra ge model~,
that exchange rate adjusts non - linearly towards its PPP equilibrium va lue. On the other hands,

Sarno (2000), Baum et al.  (2001), amongst others, showed that the non - linear a djustment of
exchange rate towards PPP  can best be described by Exponential Smooth Transition

Autoregressive (ESTAR) model
1

. More recently, Liew et al . (2003) have demonstrated that
linear autore gressive model is inadequate in characterizing the Asian (includin g ASEAN - 5)
real exchange rates be haviors. Thus, it is reasonable for one to think that the puzzling results
of PPP lie in the implicit linear assumption of exchange rate behaviour.

The main objective of this study is to e xamine the validity of PPP from the non - linear
perspective, or mor e specific, to find out whether exchange rate adjusts non - line arly towards
its PPP equilibrium value. Generally, the two widely e mployed empirical tests for PPP are the
unit roo t methodology and cointe gration analysis. A necessary condition for PPP to hold  in
the long run is that the real exchange rate must be covariance stationary. The standard method
for detecting non - stationary behaviour in a time series is to test for the presence of a unit root.

Thus, rejection of a unit root in real exchange rate prov ides evidence supporting PPP. Another
stream of litera ture is based on the cointegration technique. To provide empirical support for

PPP, both the bilateral nominal exchange rates and relative prices must form a cointegra ted
system with parameters [1, ˘ 1].  The present study belongs to the first group, which
investigates the stationary property of the deviations of U.S. dollar denominated exchange
rates of five major ASEAN countries -  Indonesia, Mala ysia, the Philipp ines, Singapore and

Thailand, from the lon g - run equilibrium level suggested by the PPP hypothesis. To do that,
the newly developed non - linear unit root test proposed by Kapetanois et al .  (2003) is utilised.

The results of this study suggest that exchange rate adjustment is mean reversion towards PPP
equilibrium values, in a non - linear way, thereby p roviding empirical evidence in favor of long
run PPP. More importantly, this study provides empirical evidence a gainst the robustness of
standard augmented Dickey - Fuller (ADF) test when the true data ge nerating process of
exchange  rate is in fact a  stationary non - linear process. It is worth  pointing out that,  the

1

     Te räsvirta (1994) provided the ore tical details for E STAR model, whe reas Sarno (2000) and Ba um e t
al.  (2001) de monst rated t he usefulne ss of t his model in c ha ra cterizi ng e xc hange rate adju st ment.

current paper is, to date, the first and only one that applies the non - linear unit root test of

Kapetanois et al .  (2003) in examining the mean reversion behaviour of exchange rate

adjustment.

This paper proceeds as follows. Section II briefly discusses the contrasting evid ence on the

validity of PPP whereas the data and methodology of this study is described in Section III.

Section IV presents the findings of the study. As usual, concluding rema rks are given at the

end of the paper.

II.  CONTRASTING EVIDENCE ON PPP

Lee (1976) examined the relationship between relative prices and exchange ra tes dating back

to 1900 and concluded that the exchan ge rates of major currencies tend to assume the

equilibrium PPP value in the long run. Glens (1992) also confirmed that the PPP is a long run

phenomenon by using annual data of the European Monetary System (EMS), covering the

period 1900 to 1987. Lothian a nd Taylo r (1996), in another study, used annual data spanning

two centuries for dollar - sterlin g and franc - sterlin g exchange rates, beginnin g in 1791 and

ending in 1990, and their findings reinforced the mean reve rting behaviour of exchange rates

towards th e long - run PPP value. The work of Nagayasu (1998) found support for a ^semi -

strong´ version of the lon g - run PPP hypothesis in a sample of 16 African countries, whereas

Coakle y and Fuertes (2001) provided stron g support for long - run PPP in the context of G - 10

plus Switzerland. Salehiza deh and Taylor (1999) applied the standard Johansen cointegration

approach to 27 emerging economies and claimed that they have found relatively stron g

evidence for 14 countries in favour of long - run PPP.  In another study, Razza ghipour et al .

(2001) used statistical analysis to study the mean - re version towards PPP in the Asian

currencies and obtained empirical support for PPP,  althou gh not statistically significant.

Nevertheless, Azali et al.  (2001) also found significance eviden ce that PPP ho lds between

Japan and the Asian economies by using panel cointe gration approach.

Even though man y empirical findings are consistent with the PPP hypothesis, studies that

provide counter empirical evidence against the va lidity of PPP hypothe sis are no lesser. For

instance, the results of the standard unit root tests conducted by Corbae and Outliaris (1988)

and Edison and Fisher (19 91) are not supportive of the PPP h ypothesis. Using a different

approach, Baum et al.  (1999) allowed for fraction al inte grated and structural brea ks in testing

the mean reversion in the CPI - based rates for seventeen countries and WPI - based rates for

twelve countries. Their e vidence suggested rejection of the absolute long run PPP during the

post - Bretton Woods era.  C uddin gton and Hong (2000), on the other hand, re - examined the

PPP hypothesis for the dollar - sterlin g and franc - ste rling rates using the data from Loth ian and

Taylor (1996). Their results rejected the long - run PPP hypothesis b y fitting time trends or by
con sidering longe r lag length in the augmented Dicke y - Fuller (ADF) unit root test.  Other
evidence against PPP hypothesis are reported in, amongst others, Engel et al.  (1997) and

O´Connel (1998).

As we mentioned earlier, one possible explanation for the inc onsistency in the empirical
evidence on PPP hypothesis is that earlier studies implicitly assume that exchange rate
behaviour is linear in nature. Taylor and Peel (2000) and Sarno (2000), amongst others,
illustrated that the adoption of linear sta tionarity  tests is inappropriate in dete cting mean
reversion if the true data ge neratin g process of exchange rate is in fact a stationary non - linear
process. Furthermore, the importance of allowing for non - linear adjustment of the exchange
rates towards their lon g - ru n PPP equilibrium has been stressed in a number of past studies.

For instance, Hsieh (1989) observed that exchange rate changes may be non - linearly
dependent. Boothe and Glassman (1987) pointed out that exchan ge rates are not linearly
predictable. Sarno (2000) provided strong evidence that real exchange rates of Middle East
countries adjust non - linearly towards their lon g - run PPP equilibrium ove r the sample period
of 1980 to 1997. Mahajan and Wagner (1999) applied the BDS statistic developed by Brock
et a l.  (1996) on the daily rates of eleven major countries and concluded that the behaviour of
exchange rates are gove rned by non - linear dynamics, and that innovations in real exchange
rates are consistent with a PPP equilibrium. Using a non - parametric cointe g ration  approach in
testing the non - linearities in exchange rates adjustment for 18 OECD economies, Coakley and

Fuertes (2001) also found significant non - linearities in real e xchange rates adjustment to PPP
over the 1973 to 1998 period.

These findings of the existence of non - linear rela tionship between exchange rates and their
fundamentals imply that e xchange rate researchers could no longer ta ke for granted that
exchange rate movements are linearly dependent. In fact, the ne gligence on the  presence of
non - linearity in the exchange rate adjustments process has been regarded as a major
explanation for the failure of previous linear exchange rate models in explainin g the past or
forecasting the futu re movements (Taylor and Peel, 2000). These authors argued th at
deviations of exchange rate from the equilibrium le vel may be hard to model using linear
methods if they are governed by a non - linear process.

III.  DATA AND METHODOLOGY

Data

This study uses the quarterly end - of - period nomina l bilateral Indonesian  rupiah per U.S.

dollar (IDR/USD), Malaysian ringgit per U.S. dolla r (MYR/USD), the Philippines peso per

U.S. dollar (PHP/USD), Sin gaporean dollar per U.S. dollar (SGD/USD) and Thai baht per

U.S. dollar (THB/USD). The price index used is the consumer price  indices (CPI) of

Indonesia, Mala ysia, the Philippines, Sin gapore, Thailand and U.S. The data are obtained

from various issues of International Financial Statistics  published by the In ternational

Monetary Funds. Our data spans from the first quarter of yea r 1975 to the second quarter of

year 2001 (1975:1 to 20 01:2). Deviations of e xchange rates are obtained from PPP as

estimated by standard Johansen procedure and this is depicted in Figure 1.

These deviations are de - meaned such that the zero - horizontal lin es indicate the equilibrium

PPP positions of the excha nge rates under investigate

2
. A stylised facts depicted in Figure 1 is

that the deviations of ASEAN - 5 exchan ge rates from their PPP equilibrium values (shown by

the zero - ho rizontal lines) seem to be per sistence throughout the sample period except for few

points of time whereby the deviations are zero. However, at this moment, it is ina ppropriate to

conclude that PPP does not hold in this re gion, with just an informal inspection of graphs.

Rather, this st ud y employs the latest econometric technique in analysing the mean reversion

behaviour of these deviations. This technique refers to is the non - linear unit root test

advanced by Kapetanios et al . (2003), henceforth denoted as KSS test.

Non - linear Unit Ro ot Test (KSS Test)

Kapetanios et al .  (2003) proposed a testin g proc edure to detect the presence of non -

stationarity a gainst non - linear but globally stationary Exponential Smooth  Transition

Autoregressive (ESTAR) process:

t
t

                                                                                              t

                                                                t
y

                                                                                        y

                                                         y
e
q

                                                                                  g +

-

                                                                                                                      -

                                                                        =

                                                 D

-

                                                                                                 -

)]
exp(

                                                                                                              1

                                                                                                           [

2

1

                                                                                                      1

         (1)

2
     Anot he r purpose of de - mea ning these se ries is to suit  t he nonl inea r unit  root te st procedure that will

be discusse d short l y.

where

                                                  t

                                           y

                                                         is the de - meaned series of interest and 0³q is known as the transition parameter of
the ESTAR model that governs the speed of transition; see Teräsvirta (1994) for more details.

As usual,

                                                                      t

                                                             e

                                                                            denotes random errors that are independently and identically distributed (i.i.d.)

with zero mean and finite variance.

The null hypothesis of this test procedure is:

0

:

H

0

=
q  against the alternative

:

H

1

q > 0.

Howev er, testing this null hypothesis directly is not feasible, since

g
is not identified under
the null. Thus, Kapetanios et al .  (2003) reparameterised Equation (1) based on Ta ylor series
approximation to obtain:

                                                                                                3

                                                                                                       1
                                                                                                  -

                                                                        =

                                                 D

                                                                                               t

                                                                t

                                                                                         y

                                                         y
                                                                                  d +  error           (2)
or

3

1

                                                                                             1

-

-

                                                                                        =

+

                                                                        =

                                                 D

                                                                                  å
t
j
t

                                                                                        p

                                                                                     j

                                                                                                               j

                                                                t

y

                                                                                                                    y

                                                         y
d

                                                                                                     r  + error,           (3)
in order to correct for plausible serially correlation errors.

In  both cases, the null hypothesis to be tested is

0

:

H

0

=
d  a gainst the alternative

:

H

1

d >  0.

Kapetanios et al .  (2003) showed that the t  statistic of the parameter of interest, that is,

d

 does
not have an asymptotic normal distribution and thus one must resort to simulations for
asymptotic critical values. Usin g stocha stic simulations with 5000 replications and 1000
observations, these authors obtained the 1, 5 and 10% asympto tic null critical values of the t
statistic for both cases as ˘ 3.48, ˘ 2.93 and ˘ 2.66 respectively.  For the brevity of reporting,
the t  statistics  estimated from Equation (2) and Equation (3) will be referred to as

1

KSS

t
and

                        2

       KSS

  t

                                respective ly. For the purpose of comparison, we also report the conventional ADF test
statistic, denoted by

ADF

                                                                                                                        t

.

IV .  EMPIRICAL RESULTS

The unit root tests results are summarised in Table 1. By usin g conventional augmented

Dickey - Fuller (ADF) unit root test, the null of unit root cannot be rejected in 4 out of 5 cases,
implying that deviations of exchange rates are n ot mean revertin g towards the PPP
equilibrium. In other words, the ADF test results suggest deviations fro m PPP persist and that

PPP is not valid in the ASEAN region, with the exception of only Indonesia.

However, results from both  KSS unit root tests ar e able to reject unit root in 4 out of 5 cases,

implying that deviations of exchange rates is mean reverting towards the PPP equilibrium

values in the same region. Thus, this stud y demonstra tes that conclusions drawn from linear

and non - linear unit root te sts ma y be drastically different. These contrasting conclusions are

due to the low power of ADF test aga inst non - linearity (Kapetanios et al . , 2003). Hence, it is

not unreasonable to expect that previous conclusions of the invalidity o f PPP ma y be due to

t he misleading results from ADF test, which neglects the presence of non - linearity. As the

KSS test is more robust than the ADF test, the conclusion of the current study is that, in

general, the long run PPP holds in the ASEAN - 5 economies.

Table 1

Unit R oot Test Results

.

              Exchange Rate Deviations

ADF
t

1

KSS
t

2

KSS
t

              IDR/ USD

˘ 4.029

***
˘ 7.742

***
˘ 9.929

***

              MYR/USD  ˘ 2.021  ˘ 3.397

**
˘ 3.785

***

              PHP/USD  ˘ 1.893  ˘ 0.946

˘ 0.961

              SGD/USD  ˘ 1.784  ˘ 4.608

***
 ˘ 5.128

***

              THB/USD  ˘  0.963  ˘ 4.074

***
˘ 3.967

***

Notes:

                                                       ADF

                                                 t
                                                                              denotes the conventi onal ADF test statistics.

                                                                      1

                                                      KSS

                                                 t
                                                                             and

2

                                                                                                           KSS

                                                                                                      t
 represe nt t he t  statistics e sti mated from Equati on (2) a nd Equation (3) of t his

                                               stud y.

 10

Campbell, J.Y., Lo, A.W. and MacKinlay, A.C. (1997) The econometrics of financial

                                   markets . Princeton: Princeton University Press.

Coakle y, J. and Fuertes, A. (2001) Nonparametric cointegr a tion analysis of real exchange

                                   rates. Applied Financial Economics , 11, 1 - 8.

Corbae, D. and Outliaris, S. (1988) Cointegration and tests of purchasing power parity.

                                   Review of Economics and Statistics , 70, 508 - 511.

Cuddington, J.T.  and Hong, L. (2000) Purc hasin g power parity over two centuries? Journal

                                   of International Money and Finance , 19, 753 - 757.

Dumas, B. (1992) Dynamic equilibrium and the real exchange ra te in a spatially seperated

                                   world. Review of Financial Studies , 5, 153 - 180.

Edison, H.J. and Fishe r, E.O. (1991) A long - run view of the European Monetary System.

                                   Journal of International Money and Finance , 5, 153 - 180.

Engel, C., Hendrickson, M. and Rogers, J. (1997) Intra - national, intra - continental and intra -

                                   planetary PPP. Workin g Paper 6069. National  Bureau of Economic Research,

                                   Cambridge, MA.

Glens, J.D. (1992) Real exchan ge ra tes in the short, medium,  and long run. Journal of

                                   International Economics , 33, 147 - 166.

Hsieh, D.A. (1989) Testing for non - linear dependence in daily foreign exchange rates.

                                   J ournal of Business , 62, 339 - 368.

Kapetanios, G., Shin, Y and Snell, A. (2003) Testing for a  unit root in the nonlinear STAR

                                   framework. Journal of Econometrics , 112, 359 - 379.

Lee, M.H. (1976)  Purchasing Power Parity.  New York: Dekker.

Liew, V. K. S., Chong,  T. T. L and Lim, K, P. (2003) The inadequacy  of linear autore gressive

                                   model for real exchange rates: Empirical evidence from Asian economies.  Applied

                                   Economics , in press.

Lothian, J.R. and Ta ylor, M.P. (1996) Is a random walk the best e xchange  ra te predi ctor?

                                   International Journal of Forecasting , 13, 255 - 267.

Mahajan, A. and Wagner, A. J. (1999) Non - linear d ynamics in foreign exchange rates. Global

                                   Finance Journal , 10, 1 - 23.

Naga yasu, J. (1998) Does the lon g run PPP hypothesis hold for Africa? Evidence fr om panel

                                   cointe gration study. Workin g Paper 98/123.  Internatio nal Monetary Fund, Washington,

                                   D.C.

O´Connell, P.G. (1998) The overvaluation of purchasing power parity.  Journal of

                                   International Economics , 44, 1 - 9.

Pesaran, M.H. and Potter, S.M. (1993) Nonlin ear dynamics, chaos and econometrics: an

                                   introduction. In M.H. Pesaran and S.M. Potter (eds.)  Nonlinear dynamics, chaos and

                                   econometrics , pp. vii - xiii. New York: John Wiley & Sons.

 11

Razza ghipour, A., Fleming, G. and Heaney,  R. (2001) Deviations and mean re version to

                                   purchasing power parity in the Asian currency crisis of 1997. Applied Economics , 33,

                                   1093 - 1100.

Ro goff, K. (1996) The purchasing power parity puzzle. Journal of Economic Literature , 34,

                                   647 - 668.

Salehizadeh, M. and Taylor, R. (1999) A test of pu rchasing power parity fo r emergin g

                                   economies. Journal of International Financial Markets, Institutions and Money , 9, 183 -

                                   193.

Sarno, L. (2000) Real exchange rate behaviour in the Middle East: a re - examination.

                                   Economics Letters , 66, 127 - 136.

Taylor, M.P. a nd Peel, D.A. (2000) Non - linear adjustment, long - run equilibrium and

                                   exchange rate fundamentals. Journal of International Money and Finance , 19, 33 - 53.

Teräsvirta, T. (1994) Specification, estimation,  and evaluation of Smooth Transition

                                   Autoregressive Mode ls. Journal of the American Statistical Association , 89, 208 - 218.