Red Exchange Rate Stationarity
In Managed Floats

Evidencefrom India

The paper tests for mean-reversion in real exchange rates for India during the recent float
period. Using unit root tests with improved power, we test for stationarity of the real exchange
rate, using several definitions of the real exchange rate. We also conduct cointegration and
variance ratio tests to complement the evidence from unit root tests. We find evidence of mean-
reversion in the real exchange rate series constructed with the consumer price index as
deflator, as well as for a series constructed using the ratio of wholesale and consumer price
indices to proxy for the shares of tradable and non-tradable goods.

|
Introduction

rchasing power parity, or the law
Péf one price, is one of the most
popularly tested theories in econo-
mics. In fact, tests for PPP have evolved
along with time series analysis as much
advancement in time series techniques
have been applied in attempts to un-
cover parity reversion in rea exchange
rates. Testing for mean-reversion in the
real exchange rate is important for many
reasons. It is an important constituent
of most models of exchange rate deter-
mination, being regarded as a long-run
equilibrium or an arbitrage condition in
goods and assets markets. The real ex-
change rate dynamics implied in models
of inter-temporal smoothing of traded
goods consumption [Rogoff 1992] and
cross-country wealth redistribution/
transfers [Obstfeld and Rogoff 1995]
makes the PPP hypothesis a meaningful
one to examine. The concept is also of
interest to policy-makers asiit serves as a
benchmark for computing an equilibirum
exchangerateand assessingwhether shocks
to the real exchange rate dampen over
time. A failure to reject the random walk
hypothesis, for example, implies that
permanent, real shocks explain real ex-
change rate movements. On the other
hand, finding mean-reversion properties
implies that nominal disturbances have
no permanent impact upon the real
exchange rate.
The behaviour of the real exchange rate
and its responses to nominal and real dis-
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turbances as part of the macro-adjustment
process assume significance for India,
which has recently shifted to a market-
determined (though managed) exchange
rate regime. As Froot and Rogoff (1995)
note, changes in exchange rate regime
imply that deviations from parity might
be eliminated through different pro-
cesses altogether. Adjustments to parity
are made through domestic price level
movements in a fixed exchange rate re-
gime, but when the regime is a float;
parity reversion takes place via nominal
exchange rate movements. Apart from
changes in exchange rate regime, trade
liberalisation and loosening of foreign
exchangerestrictionsinIndiaduring the
past decade has reduced many distor-
tions, factors that suggest convergence
in theory, at least in tradable goods.
Finaly, the exchange rate plays a central
role in maintaining external and domestic
equilibrium and understanding its re-
sponse to shocks is important to policy-
makers. This paper therefore aims to in-
vestigate how much evidence for PPP
can be found for India during the float
period.

Empirical evidencefor devel oping coun-
tries on this issue is still fairly thin and
concentrated around relatively homo-
geneous groups of countries, e g, Latin
America or east Asia, leaving a gap of
individual country studieswithtimeseries
data[Edwards 1999]. This study attempts
tofill thisgap asit focuses exclusively on
India. Existingempirical evidencefor India
finds some support for the PPP hypothesis
for thepre-float period [Berg and Jayanetti
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1995 for 1957-87; Baghestani 1997 for
1973:1-1991:2]. These studies however,
restrict themselves to cointegration
tests, which are weak tests for the PPP
hypothesis. Our paper differs from these
studies in two respects. One, we employ
comprehensive tests, viz, unit root, vari-
ance ratio tests and cointegration, test-
ing for both strong and weak mean-rever-
sion in the real exchange rate. We check
the robustness of results using different
definitions of thereal exchangerate. Two,
we test for mean-reversion restricting
ourselves to the post-float period, using
monthly data for 1993:01-2001:03. The
period under the float may indeed be
considered too short to reveal mean-
reversion in the real exchange rate. But
we do not extend the sample backwards
as gains from long-sample evidence may
be offset by the fact that the float period
is a very small proportion of the long
sample. Moreover, some studies [e g,
Baxter and Stockman 1989; Taylor 2000]
have identified the regime dependency of
real exchange rates. Combining fixed
and floating exchange rate regimes in
such circumstances is likely to inhibit
uncovering parity reversion under the
float. Instead weemploy efficient unit root
tests with improved power to overcome
this gap.

The paper is organised into four sec-
tions. Section Il briefly reviews existing
empirical evidence on the issue and
identifies problems encountered by re-
searchers in uncovering parity rever-
sion, Section |11 tests for mean-reversion
with four different series of real exchange
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rate using unit root, variance ratio and
cointegration tests. Section IV concludes.

|
Pur chasi ng Power Parity:
Met hods, Probl ens andt he
Evi dence

Testing for purchasing power parity has
evolved considerably with the introduc-
tion of more powerful testing methods.
Early tests for PPP focused on estimates
of the coefficient on relative price levels,
testing for absolute PPP, where the nomi-
nal exchange rate equals the foreign-
domesticpricelevels, orrelativePPP, where
changes in relative price levels are offset
by changesin the exchange rate. A useful
survey of theseearly studiesisto befound
in Officer (1976). Simultaneity and the
possibility of non-stationary exchangerate
and prices shifted the focus upon testing
time series properties of the residuals.
Termed as stage two tests by Froot and
Rogoff (1995), these consist of testing the
hypothesis that the log of real exchange
rate follows a random walk, or is non-
stationary. Another strand of tests (Stage
Il tests) utilise cointegration techniques
totest for along-run equilibrium relation-
ship between the nominal exchange rate
and pricelevels. The serioussmall sample
bias of cointegration tests and difficulties
in interpretation of the long-run coeffi-
cients have however made unit root tests
more preferable since they directly test
mean-reversion in the real exchange rate
[Froot and Rogoff 1995].

Empirical evidencefortheindustrialised
countries conforms to the opinion that the
randomwalk hypothesisisdifficulttoreject
for floating currencies, implying that
nominal disturbancesto thereal exchange
rate have permanent, or infinite, effects.
Most studies a so report estimates of half-
livesof parity deviationsbetween 3-5years,
indicating a slow convergence to
equilibirum. Evidence regarding perma
nent deviationsfrom parity, i e, theBelassa-
Samuel son effect, isnot supported by data
from industrialised countries except for
Japan. The use of panel data and more
powerful unit root tests has helped un-
cover moresupport for thehypothesis. But
mean reversion in the real exchange rate
in developing countries data has been
difficult to find, partly because the shift
to floating exchange rates amongst this
group of countrieshasbeenrecent, making
it meaninglessto apply PPP-based models
on such data. An up to date summary for
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developing countries can be found in
Edwards (1999), who notes that empirical
evidence on mean-reversion for develop-
ing countries is sparse, with far more
evidence for Latin American countries.
For currencies that have been formally
stabilised, liketheintra-Europeanexchange
rates, the evidence is more mixed.

Since extensive summaries of these
empirical approaches/studiesalready exist
[Froot and Rogoff 1995; Rogoff 1996, to
nametwo), thefocushereisonly toshortlist
the problems associated with testing for
mean-reversion. Empirical studies inves-
tigating mean-reversion have found the
resultsto be sensitiveto the choice of price
index, countriesandtimeperiod. Theseare
explained mainly by heterogeneity in the
construction of price indices across coun-
tries, the presence of traderestrictionsand
the fact that many goods are not traded.
Moreover, thepost-Bretton Woodsperiod,
to which most of the early PPP studies
pertain, does not provide a sufficiently
long period for reasonable time series
analysis. These factors have rendered
empirical testsof PPPdifficult and unstable.

Researchershavetriedtoovercomethese
problemsin anumber of ways. Apart from
the use of more refined or disaggregated
price indices, the most popular response
has been to increase the sample period,
thereby combining fixed and floating
exchange rate regimes. This however has
been questioned on grounds of regime
changes. AsFrankel and Rose(1995) argue,
if different processes govern the real
exchange rate during thefloat period, then
test results are clearly biased. In fact, a
growing body of literature refers to the
variationinthestatistical propertiesof rea
exchange rates across different nominal
exchangerateregimes. For example, Taylor
(2000) has investigated PPP, using a
century of datafor agroup of 20 countries
and finds that changes in the size of
shocks to the real exchange rate depend
on the political economy of monetary
and exchange rate regime choice. Thus
there are strong reasons for confining
testing of time-series properties within
a single regime.

A relatively recent response to over-
comeinsufficient time seriesvariation has
been the introduction of cross-sectional
variation through the use of panel data
[Abuaf and Jorion 1990; Frankel and Rose
1995; Jorion and Sweeney 1996; Papell
1997; O'Connell 1998 amongst others).
Studies with panel estimation have un-
coveredmean-reversioninseveral instances,

indicating the utility of greater variation
within a single regime. In the same vein
are studies using tests with higher power
[Cheung and Lai 1998; Culver and Papell
1999] and non-linear methods[ Taylor and
Sarno 1998]. This generation of research
not only rejects the random walk hypoth-
esismorefrequently, but alsodemonstrates
that increased power of unit root testsdoes
uncover mean-reversion in small samples
of the float period.

This paper seeks to combine these de-
velopments with data from a developing
country, i e, India, and test for mean-
reversion during a single regime. It re-
sponds to the problems identified above
in three different ways. First, we confine
ourselvestoasingleexchangerateregime,
viz, thefloat period. In order to overcome
the low power problems associated with
conventional unit root tests, we employ
unit root testswith improved power, using
the modifications proposed by Elliott,
Rothenberg and Stock (1996) and Park
and Fuller (1995). We a so compute vari-
ance ratio statistics to uncover parity.
Finally, we employ aweaker test of mean-
reversion, viz, cointegration, using the
popular procedure due to Johansen and
Juselius(1990). Thefollowingsectiondeals
with these in segquence.

|
Testi ngfor Mean- Rever si on

This section probes the real exchange
rate of therupeefor mean-reversion, using
four different series. The real exchange
rate is calculated as
G = & * B — P (1)
where g, is the nominal (dollar) exchange
rate expressed in domestic currency, p; is
the domestic price index and pf is the
analogous US price index. All variables
areexpressedinlogarithms. Thefirst series
is constructed using the consumer price
indices of India and the US respectively
to obtain aCPI-deflated real exchangerate
series. The second series is constructed
using the ratio of wholesale/producer and
consumer priceindices (Indiaand the US)
on the assumption that these two price
series proxy for the share of tradable and
non-tradablegoodsrespectively. Sincethe
manufacturing index covers a greater
proportion of tradable goods' prices, one
would expect, a priori, PPP to hold more
strongly withtheseindices. Finally, weuse
the two trade-weighted real exchangerate
indices (36 countries and 5 countries)
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published by the Reserve Bank of India.
The data is monthly, spanning the 1993-
2001:03 time horizon.

The four series are plotted in Figures 1-
4, centred by their respectivesamplemeans.
Thetwotrade-weighted REER indicesand
the CPl-based real exchange rate series
exhibit somepatternsof reversal. Thefourth
series, constructed as the ratio of whole-
sale to consumer prices for US/India re-
spectively, appearsto bestationary around
astrong deterministic trend. One explana-
tion of a trend in the relative prices of
traded and non-traded goods is widening
differentialsin productivity growth in the
two sectors, as has been shown for Japan
by Obstfeld (1993). Other reasons could
bechangeincomposition of tradablegoods
over time, changes in the cost of goods
arbitrage (reflecting trade liberalisation,
reductions in transportation costs, etc) or
simply, measurement errors that may af-
fect the proportionality of non-traded and
traded goodsprices.I Thepresenceof these
effects implies that PPP fails to hold or
that shocks to the real exchange rate are
infinitely lived.
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Lhi t Root Test s

A strict version of PPP requires that the
real exchange rate be constant. Termed as
stagetwotestsby Froot and Rogoff (1995),
the test is based upon whether the real
exchange rate contains a unit root. If this
hypothesis is rejected then there is evi-
dence of mean-reversion, i e, the real ex-
changerateis not governed by permanent
shocks. Thus in the equation

=H+pr,+¢g (2
the stationarity of €, isnecessary if therea
exchange rate is mean-reverting. If p = 1
then r, is a non-stationary process and the
nominal exchange rate and the price dif-
ferential deviate from one another, sug-
gesting that some shocks to the real ex-
change rate are permanent. There can be
valid economic reasons for the real ex-
change rate to be non-stationary. The
permanent components in real exchange
rate movements can be explained by in-
creased productivity inducedreal exchange
rate appreciation [Balassa 1964]; perma-
nent changes in relative productivity of
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traded and non-traded sectors [Baumol-
Bowen 1966]; permanent changes in
government spending [Froot and Rogoff
1991; Alesinaand Perotti 1995], or simply
abiasinthe measurement of the consumer
price index.

A conventional test for unit roots in a
series is the Augmented Dickey-Fuller
(ADF) test, which involves regressing the
first difference of a series on a constant,
its lagged level and p lagged first differ-
ences, i €,

Ag =p+pgy+2 ’;10(i Ag_; +¢& ..(3)
Theplaggedfirst-differencesareincluded
to control for autocorrelation errors. The
value of pwas selected using therecursive
t-statistic procedure, starting from amaxi-
mum value of p=12, since the data is
monthly infrequency. A significancelevel
of 5-10 per cent (1.645) was used to assess
the significance of the last lag.

The results of the ADF tests, demeaned
and detrended, are presented in Table 1.2
The table also shows the results of the
Phillips-Perron unit root tests, which al-
lows for conditional heteroskedasticity of
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the residuals. We leave the detailed com-
parison of the results for later. Suffice it
to say for now that the data supports the
stationarity hypothesis when we use a
relaxed criterion for the CPl and WPI/CPI
deflated real exchange rate series.
Stationarity isuneguivocally accepted only
inthe case of the 5-country tradeweighted
REER series. Using stricter level sof signi-
ficance, i e, 1 per centlevel of significance,
we are unable to reject the random walk
hypothesis with the rest of the series.

Unit root tests are well known to have
low power, especialy in small samples.
One response to this problem has been to
search for improved efficiency unit root
tests. Cheung and Lai (1998) employ two
efficient univariate tests proposed by
Elliott, Rothenberg and Stock (1996) and
Park and Fuller (1995) to uncover parity
reversion. Thesetestsrequiremuch shorter
sample sizes than conventional unit root
tests to attain the same statistical power.
The ERS (1996) modification to the aug-
mented Dickey-Fuller test uses the
generalised least squares estimation
(DF — GL S test). This test is based upon
an analysis of the sequence of Neyman-
Pearsontestsof thenull hypothesisH:p =1
againstthelocal aternativeH p=1+elT,
where e<0. The localy detrended data
process is obtained by regressing the real
exchange rate series g, on z,

G = G~ zB -(4)
where B is the least squares coefficient of
0;0nz. ¢ = (0, (1—pL)Gy,.... (1—pL)Gy)’
andz, =(z;,(1-pL)Z,,...,(1-pL)Z;). The
demeaned processissimilarly obtained by
replacing ¢, above with qt“and z,=1.The
DF—GL St (detrended) and the DF —GL S*
(demeaned) tests are then based on the
following regression:

Ag, = @0y + Z]-p:t @ Agy + v, (9
and thetest statisticisthet-statistic on g,
testing Hy:@, = 0 against Hj:q, < 0. ERS
(1996) show that this modification yields
substantial power improvement with small
samples, which is equivalent to the power
attainment of conventional ADF tests in
large samples. The parameter defining the
local dternativeefor calculating the series
with time trend is set equal to -13.5 and
without trend is set to -7, as recommended
by ERS (1996). The results of the ADF-
GLS tests are presented in Table 1, but
before we analyse these, we discuss the
modification of the augmented Dickey-
Fuller test proposed by Park and Fuller
(1995).
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The Park and Fuller modification makes
use of weighted symmetric least squares
estimation after demeaning and detrend-
ing the real exchange rate series g,. The
DF—WStest requiresminimisingaweighted
sum of errors with respect to p and a in
(1) above, wherea = (ay, az,...ap) and‘p’

isthe number of lags selected on the basis
of significanceof the't’ statisticona. The
weights w, in the estimation are specified
as wy(t=1,2,...,T).3 The test statistic is
Tus = V()Y 2 (p—1) where V(p ) isthe
estimated variancefromthe WSL Sregres-
sion and the hypothesis H:p =1 is tested

Tabl e 1: Lhit Root Tests
(1993- 2000)

Exchange Rat e Augnent ed D ckey Ful | er Fhillips- Rerron
Det r ended Demeaned Det r ended Denmeaned

e+ pepi * — pepi 3.3 3.3 333 3.0

povi ¥ pwpi
e —_— —

pepi * . pepi 3.97* 139 3.66"* 123
REER 5 count ry wei ght ed 4. 29 4. 3% 4.18* 4. 16*
REER 36 count ry wei ght ed 2.56 2.52 273 2.52

Qitical valuesat 1per cent, 5per cent and 10 per cent for the ADFandPhil | i ps-Perrontestsare3.5, 2. 89
and2. 58respectivel yfortheintercept. Qitical val uesat thelper cent, 5per cent and10per cent for the
ADFand Phi | | i ps-Perronare4. 05, 3.45and 3. 15

respecti vel yfor trendandi ntercept. *(**(***)) i ndi cat esi gni fi canceat 1, 5and10per cent | evel respectively.

DF- GLS DF- W8
MAI C Ng- Perron Ng- Perron
Detrended Deneaned Detrended Demeaned Detrended Demeaned

Exchange Rat e

e +pepi ¥ —pepi 2.66 0.74 2.48 130 3,084+ 2800
. 2n @mn (274 (L8 (2% (2
pppi pwpi 2.61 1.00 2.61 1.00 3.164** 176
per™ popi (CATNEE:y 2n (€X: NN GEP) 2®
REER 5 count ry wei ght ed 2.45 122 2.62 135 2.12 2.15
(27 (189 (274 (L8 (29 (2%
REER 36 count ry wei ght ed 211 0.80 2.40 107 2.8 2.08
(27 (L) (274 (L&) (29 (2

Finitesanpl ecritical val uesfor the D~ @Sand D~VBaregi veni nparent heses. *(**(***)) indicate
significanceat 1, 5and 10per cent | evel respectively. Thel agl engt hs f or t he D~ Q.St est wer e sel ect ed
usi ngbot hmni msed A CandNg-Perron’s‘t’ statisticcriteria Weof theMN Ceriterionprovi dessubstanti al
sizeinprovenentsinthe D~@AScont ext ( Ng- Perron 2000) .

Tabl e2: Lhit Root Tests

(1993- 99)
Exchange Rat e Augnent ed D ckey Ful | er Phillips- Rerron
Det r ended Deneaned Det r ended Deneaned

e+ pepi * —popi 3, 42%** 3. 39 3. 42¢** 3.3+

pppi * pwpi

i o
® Do pem 378 164 331 146
REER 5 count ry wei ght ed 3.78* 3.65F 3.78* 3.65F
REER 36 count ry wei ght ed 2.35 2.48 2.35 2.48

Qitical val uesat 1per cent, 5per cent and10per cent for the ADFandPhi | | i ps-Perrontestsare3. 5, 2. 89
and2. 58respectivel yfor theintercept. Gitical val uesat thelper cent, 5per cent and 10per cent for the
ADFand Phi | |i ps-Perronare4. 05, 3.45and3. 15

respecti vel yfor trendandi ntercept. *(**(***)) i ndi cat esi gni fi canceat 1, 5and10per cent | evel respectively.

Exchange Rat e DF- GLS DF- Ws
MAI C Ng- Perron Ng- Perron
Detrended Deneaned Detrended Deneaned Detrended Deneaned
e+ pepi * —popi 2 76++* 1.51 2.56 181 2.36 2. 47%*
(27 1m (27 (189 (2% (2
pppi * — pwpi 2,864+ 0.55 2.86+* 1.69 3.260+* 0.95
€ oo per 2m® (X:c) 2m 1m (29 (229
REER 5 count ry wei ght ed 2.48 1.02 2.69 119 3. 70** 0.80
(27 1 (27 (189 (3% 23
REER 36 count ry wei ght ed 174 1.05 2.29 134 1.93 221
(27 1 (27 (189 3% 23

Finitesanpl ecritical val uesfor the D~ @ASand D~V$aregi veni nparent heses. *(**(***)) indicate
significanceat 1, 5and10per cent | evel respectively. Thel agl engt hs f or t he D A.St est wer e sel ect ed
usi ngbot hmini msed Al CandNg-Perron’s‘t’ statisticcriteria Weof theMN Ceriterionprovi dessubstanti al
si zeinprovenent sinthe D~ QA.Scont ext ( Ng- Perron 2000) .
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Fgure5: VarianceRati o Tests
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The ADF-GLS and ADF-WS unit root
test results are presented in Table 1. Both
demeaned and detrended cases are con-
sidered for four real exchange rate series.
TheDF-GL Stest rejectsstationarity of the
real exchange rate, however defined, for
the entire 1993-2000 sample. But the DF-
WS test supports stationarity for the de-
meaned and detrended CPI-deflated real
exchangerateseriesaswell asthedetrended
WHPI/CPI deflated series. Stationarity of all
other seriesis however, rejected when the
DF-GLS and Df-WS tests are applied to
the data.

Are these results stable over the sample
period? Trimming the sample down to
1993-99 showsthat much of theresultsare
undisturbed (Table 2) except for the DF-
GL Stest for the CPI-deflated and the WPI/
CPI redl exchangerateseries, both of which
arenow stationary. Onemust recall though
that, these are borderline cases, since the
non-stationarity null isrejected at a10 per
centlevel of significance. Apartfromthese
changes, the full sample results are basi-
cally preserved, indicating the robustness
of the unit root tests

Finaly, bothADF-GL SandtheADF-WS
testsreject mean-reversioninthe 5 and 36
country trade-weighted REER series, ex-
cept for the detrended 5-country REER
where parity reversion is uncovered over
the 1993-99 time horizon. The 36-country
REER does not exhibit mean-reversion
at all.

What conclusions can be drawn from
these tests, given the mixed evidence on
parity reversion? Both ADF and Phillips-
Perron test show the CPI-base, the P/P,-
base and the 5-country index of real ex-
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change rates to be a stationary series. For
the CPI based rea exchange rate series,
it is not possible to find mean-reversion,
using stricter confidencelevels. However,
whenwesubject theseriestotheDF—GL S
test for unit roots, the seriesexhibits mean-
reversion at a5 per cent significancelevel.
The same is the case with the series con-
structed to reflect the concept that parity
holdsfor traded goods. The CPI-based and
the P/P, based real exchange rate series
are the only two series where parity can
be detected with the aid of amoreefficient
unitroot tests, viz, the DF—WStests. This
conformsto thefindingsof other research-
ers too, notably Cheung and Lai (1998).

Theevidenceregardingtrend stationarity
of the WPI/CPI real exchange rate series
is significant. Noting that PPP holds only
withtheinclusion of thetrend term, it hints
at the presence of the Bal assa-Samuelson
effect discussed earlier in the paper. This
issue is worthy of further exploration in
research. The results revea that the real
exchangeratecomputedwiththeUSdollar
as the base currency exhibits a greater
tendency to display mean-reversion than
vis-a-visother currenciesasthebase. This
isin conformity with stylised evidence on
the issue for other countries as well.
Moreover, this result is aso in line with
evidence where it is more common to
detect parity for countries which stabilise
their currencies. It iswidely believed that
the rupee is stabilised with respect to the
US dollar. Therefore it is not surprising
to find more compelling evidence for
mean-reversion in the rupee's real ex-
change rate vis-a-vis the dollar. This dif-
ferenceinthedifferentexchangerateseries
is confirmed when we computed variance

ratio statistics to test for unit roots, which
are presented next.

Vari ance Rati o Test s

In the next stage of investigating real
exchange rate stationarity we computed
thevarianceratio test statistic proposed by
Cochrane (1988). Under the null of a
random walk, the variance of series ¢ is
hypothesised to grow linearly over time.
For a stationary series, the variance ratio
statigtic, Var (g;,.s—0;)/(d,—9;), converges
to zero as S increases. If the true process
is| (1), this statistic gives a quantitative
measureof theeffectsof permanent shocks
upon the real exchange rate.

Figure5 plotsthevarianceratio statistic
for the four measures of therea exchange
rate. From the figure we can observe that
thevarianceratiostatisticrisesmoresharply
over the horizon (s = 1 to s = 25) for the
36-country real effective exchange rate
(reer36) index thanfor the 5-country index
(reer5), the CPl-based or the wholesale/
consumer prices-based real exchange rate
series. Asthehorizonlength increases, the
varianceratio statisticfor all series, except
the 36-country REER, converges. While
by itself, this does not constitute conclu-
sive evidence of stationarity, it does lend
further support to the evidence from the
unit root tests where we were unable to
reject the random walk hypothesis for the
36-country, trade-weighted REER series.

Qointegrati onTests

Cointegrationtestsareweak testsof PPP
since they require only that some linear
combination of dom&tlc price level (P),
theforeignpricelevel (P ) andthenominal
exchange rate (g,) be stanonary The null
hypothesis hereisthat of no cointegration
between the three series. A stronger test
for PPP can be implemented by imposing
proportionality and symmetry restrictions
upon the coefficients on p:and tobe 1, -1.
Thus in the equation

Ine =By +B(np—Inp)+u .(6)
the restriction 3 = 1 is tested, which isa

bivariate test. Alternately, the trivariate
case

*
Ing, = By + Bylnp, + Bolnp, + 1, ...(7)
may be examined, where the symmetry
restriction (B4, B,) = (1, —1) istested. The
evidence using cointegration tests sug-
gests that while the cointegration null, a
weaker hypothesis, is often rejected, the
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proportionality restrictions are typically
violated.

Weusethecointegration procceduredue
to Johansen and Juselius (1990) and the
results are presented in Table 3. As the
tableshows, weexperimented with severa
combinations of the four exchange rate
series. Both trivariate and bivariate sys-
tems were tested for cointegrating rela-
tionships. Inferences regarding the exist-
ence of a cointegrating vector between
the nomina exchange rate, foreign and
domestic prices are primarily based upon
finitesamplecritical valuesasfinitesample
analyses can bias the likelihood ratio
tests towards finding cointegration too
often.? Finite sample critical values were
obtained by adjusting the asymptotic criti-
cal values, details of which are reported
below the table.

Using finite sample critical values, we
are unable to reject the null of no
cointegration for any of the bivariate and
trivariate cases. However, at a more re-
laxed significance (>5 <10 per cent) level,
it is possible to conclude that a stationary
combination of the nominal exchangerate
and the foreign and domestic price levels
exists with a broader price index as the
deflator. Moreover, evidence of cointe-
gration can be found when a bivariate
rel ationship betweenthenominal exchange
rate and divergencebetween thewholesale
priceindex (India) and the consumer price
index (US) is hypothesised (Row 6,
Table 3). The ratio of wholesale and con-
sumer pricelevels (Row 7) proxiesfor the
hypothesisthat only the prices of tradable
goods should be equalised across the two
countries and is a close candidate for
rejection of the no-cointegration null.

Thus, thedataprovidesweak support for
thehypothesisthat parity withforeignprice
level holds for a more aggregate class of
goods and to a large extent, for tradable
goods. Thisresultisnot surprisinginview
of thestylised evidencefor PPPtestswhere
CPl-basedtestsarelessfrequently rejected
than WPI based tests. Thisisprobably due
to the fact that the non-traded goods
component in the consumer priceindex is
higher than in the wholesale price index.
Since the WPI has heavier weights for
manufactured goods, PPP may hold to a
larger extent for WPI than the CPls
[McKinnon 1971]. Finally, the estimates
of B, and B, range widely from 0.46 to
4,04 and are often wrongly signed. Thus
a one-to-one association between prices
and the exchange rate does not hold over
this time horizon.

The fact that we find less evidence for
mean-reversionthrough cointegrationtests
is not very surprising as much of existing
evidence showsthat that the cointegration
null is rejected more often than the unit
root hypothesis. The tests are subject to
power problems; i e, serious small sample
bias, with failure to reject the null of no
cointegration too often.

v
Qoncl usi on

This paper has examined mean-rever-
sioninthereal exchangeratefor Indiaafter
change in exchange rate regime in 1993.
Tests for stationarity used unit root tests
aswell as cointegration and varianceratio
tests and were applied to four different
series of the real exchange rate. The evi-
denceon parity reversionuncoveredinthis
paper for the period after the float is
somewhat mixed with bulk of thefindings
indicting mean-reversionfor theconsumer
prices and the WPI/CPI deflated real
exchange rate series. The use of recent
developments in unit root testing like the
ADF-GLSand ADF-WStests,whichyield
substantial power improvements in small
samples, shows that the real exchange
rate series defined vis-a-vis the US dollar
exhibits mean-reverting tendencies. The
datadoesnot however, support stationarity
for the REER series, which is computed
with a broader base of currencies. This
may reflect the potential effects of cur-
rency stabilisationonunitroot tests. It may
also imply that models emphasising real

determinants of the exchange rate may
offer a more accurate description of real
exchange rate behaviour as opposed to
nominal disturbances.

Several caveats accompany the results
obtained in this paper. Aswith most time-
series studies suffering from data in-
adequacy handicaps, this study too is no
exception. Thus the results of this study
are to be interpreted with a great deal of
caution given the extremely short time-
span available for analysis, the fact that
purchasing power parity is essentialy a
long run condition and uncertainty asso-
ciated with the rate of reversion to an
unconditional mean. For example, it
could well be the case that nominal
exchange rate movements due to short-
term nominal price rigidities may affect
the real exchange rate but different pro-
cesses may govern thelong-run behaviour
of thereal exchangerate. Possible hypoth-
eses for exploration in this regard are the
popular Belassa-Samuel son effect, where
arisein productivity in the tradable goods
sector triggersawageincrease in thetrad-
able goods sector, and if the productivity
differentials between the two sectors
widen, a price increase in the non-trad-
able goods sector is inevitable. One pre-
diction of this theory is that fast growing
economieswill experienceareal exchange
rateappreciation, presumingthat thetraded
goods sector is the locus of productivity
increases. This would be a worthwhile
hypothesis to explore in the Indian con-
text, particularly as our examination
suggests the failure of PPP to hold for

Tabl e 3: Johansen—Qoi nt egrati on Tests

System At race Asynptotic F niteSanpl e Qintegrating
Giticd \llues  Gitica Vel ues \ect or

(5Per Cent) (5Per Cent) Qefficients
Nornal i sedwi th

Respect toe

€, poA ™, pep 24.02 42.44 45.36 1.03, 4. 04
€, (popi ™ —pop) 16.63 25.32 27.76 - 0.006
€. popi *, ppi 20. 44 29.68 34.18 -1.58,0.46
e, (pppi* —pupi) 15. 63 15.41 16.48 0.74
€, poni”, popi 26.92 42.44 47.04 -1.01, 4.00%*
&, (pepi ¥ —pwoi) 16.45 15.41 16.48 2.48

pppi ¥ pwpi

o™ pep 47.01 42.44 48.88 158,-0.68
15. 44 15. 41 16.9 277

ppi * pwpi
e, _
t Ypepi * pepi

Al variabl esareinlogarithns. *, ** ***jndi catessigni ficanceat 10per cent, 5per cent and 1per cent | evel s
respectively. Assumingapriori that 121 ags, i e, oneyear, night beareasonabl e dynanicrepresentation
of thedatageneratingprocess, webeganw thal agl engt hof 12 nont hs, pari ngdownt o parsi noni ous | ag
lengthusi ngthemul ti vari at egeneral i sati ons of t he Al Cand SCas speci fi cati oni ndi cat ors. Successi vel ag
I engt hs arereportedal ongsi deeachcoi ntegratingrel ati onshi p. Theasynptoticcritical val ueswere
adj ust edt oapproxi nat efi ni t esanpl eproperti es, usi ngt headj ust nent fact or GRo[ T/ ( T—nk) ] pr oposed by
Rei nsel and Ahn (1988) where (Rvi stheasynptoticcritical val ueat thecorrespondi ngsi gni fi cancel evel ,
Tthesanpl esize, ' n' thenunber of variabl esintheesti nat edsystemand' k' i sthel agparaneter.
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the detrended relative prices of tradable
and nontradable sectors.

A second aspect that could be explored
to explain real exchange rate behaviour is
fiscal policy effect. Thelong-runredl effects
of government spending have been shown
to affect the real exchange rate by Froot
and Rogoff (1991). It may of course, also
bethe casethat none of these explanations
may universally account for real exchange
rate changes in the long-run and may
complement purchasing power parity.
Further, one hasto make an allowance for
policy effects like currency stabilisation
vis-a-vis the dollar, which induce bias in
the data. T

Not es

[The views expressed here are the author's own
and not of the institution to which she belongs.
| am grateful to K L Krishna for invaluable help
and Mili Guptafor programming assistance. | am,
of course, responsible for any errors.]

1 For instance, if the non-traded goods price
index is subject to a fixed-weight or new-
goods bias, a change in relative prices will
generate upward index movements (Froot and
Rogoff 1995: 1663).

2 A time trend usually does not feature in PPP
tests as it is inconsistent with the hypothesis.
Inclusion of atimetrend however, controlsfor
the presence of the Bal assa-Samuel son effect,
whichhypothesisesdifferential ratesof growth
in the tradable and nontradable sectors.

3 Thisis specified by w, =0 for I<t<p+ 1;
w,=(t-p-D/(T-2p)forp+l<t<T-p,
andw,=1for T-p<t<T.

4 Infact, thefinite sample bias magnifies asthe
dimension of the estimated system and thelag-
order increase [Cheung and La 1993].
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