57

Pakistan Economic and Social Review
Volume XLIV, No. 1 (Summer 2006), pp. 57-79

DO EXCHANGE RATES FOLLOW RANDOM WALKS?
An Application of Variance-Ratio Test

ABDUL RASHID*

Abstract. This paper teats e radorm walk hepothesis for foreien exchange
market in Pakistan, To procesd with this, Lo and Muackinlay™s (1988 variance-
ratio tests are used. The study wses weekly Dve pairs of nominal exchangzs rate
serics over the span aboul 10 years, The analysis indicutes thar nominal cxchange
rarcs follow riandom walks, These Gndings wre robost to the two sub-sample
prerioeds, The presence of a random walk implics that mday™s cechange e is he
best predicior of the Tuture spot exchange rate. [0 suggests thar econmnic models
of exchunpge rute determnation must be wsed with caution for pradictiing exchimge
rale dymamics

L INTRODUCTION

Forex markel 15 the largest financial market in terms of size, The role of
forex market in economic development is always remaining debatable and
controversial in the develepment literature. With the passage ol lime, the
importance of the forex market is inerensing due to the financial reforms and
trade liberalizution alike. Fluctuations m exchanze rates are of great concern
to houschalds, businesses and policymakers. In the 1990s, markets for goods
and finance are global, When individuals, business firms, and governmenis
In one country want to trade, borrow, or lend in analher country, they have to
conduct their transactions in different currencies. Therefore, the abrupt
exchange rate movements have a significant impact on  individuals’
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econarie decisions, Oreater exchange rate fluctuations {uncerlainly) may
increase the value of wailing and hence diminish investment and job
creation. A less volatility of exchange mile has posilive impact on the demand
side of the labor market and makes domestic industries relatively less
competitive,

I addition 1o the above, forex markets have an immediate and direct
impact on cconomic growth. The balance of payments, budget deficit and
government policies directly  affected by changes i exchange rates.
Especially, those cconomies that rely strongly on remillances of overscas
conrtract workers or tourism are quile sensilive o exchange rate floctuations.
Henee, knowledge of the dynamics of forcign exchange markets is important
not only for policy makers and macroeconemic managers in government and
banking seetor {including leasing companies and other financial instijules)
but alse for individual businessmen and consumers. Thercfore, they would
be interested to know whether fluctuations in exchange rates can be predicled
by using information about past exchange rates Nueluations orfand other
variahles like economic growth, inflaton, and interest rate.” Therefare, the
corc purpose of this document is to investigate whether the Pakistani foreign
exchange markel behaves hke a random walk vis-d-vis the markets have a
tendency to slip hack/mean revert.

Prior to observe the behavior of the forex exchange market, it would be
useful to consider the recent trend in Pak rupee value relative to foreign
currency {particularly to LS Dollar). Owvertime the value of Pak rupee has
declined consistenly by 1413 percent in 1993 through 1995, by 43.28
percent m 1998, by [7.49 percent in 2000, and by 1.31 percent in 2003,
Orverall, the currency value has declined almost 70.55 percent over cighe
vears (from 1995 1o 2002)." Based on this historical piece of evidence, can
we predict the next vear change in the value of currency?

1 : . ¢ e .

For csample, when the ropee appraciates signilicantly, Pakistan goods beeome mors
expensive ahroad and Fakistm exports decling, huring Pakiston industrizs, At the zame
P, Pakistan conseners gt benelts rom the sppreciubing rupes Secunse foreign

coitsurmer praducts sald o the Pakistan become more afTordable.
“Accordimge o the Purchasimge Power Parity (PPPD that exchonee rate can be predictad by
ustnz the mfaton rate differentizl between two countrics. On the other zide, Uneovened

[oterest Parity (ULPY amplics that che intzrest race differential betwesa twa couniries shoald
equal the cxpected change in the nominal "spot’ cxchange rate.

"Sourec Ciladad Sieck Masker Faer Baak 2003,
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OF course, in practice, it is very difficult task to foresee future behaviour
of exchange rates because at a time a large number of rational profit
maximizing tracers have attempt o acquire even the smallest informatianal
advantages. and in doing <o, they incorporate their inlormation into market
value of currency and quickly the gain opportunitics thal gave rise to their
cffort, Under this scenario, the market is very unpredictable; exchunge rates
must fully reflect all available information and no gain can be garnered by
using information about past movements. A market said to be “ellivient™ m
which the expected change is independent of all available information. The
weak form only considers past information (e historical prices). It imphes
that prices follow a random walk in which successive price increments have
zero cormelation (see for details Trippl and Lee, 1996). This subsel ot the
eflicient market hypothesis (EMH) is known as the random walk hypothesis
(RWH) {see Tor details Poirson e gl 1995).

The issuc whether exchange rates follow random walk or not has been
hotly debated between finance practitioner and finance academic for a long
time. The random walk hypothesis also has been occupied an important place
in modern linance. It is therefore not surprising that it has been widely tested
resulting in a large cmpirical literature with a few studies for developing
countrics.

In the existing literature, the random walk 15 usually reporled either
because a unit root compoenent is detected in the exchange rate series of
begagse the increment in the exchange rates is found tw he senally
uncorrclated, Since a “unit root” and “uncorrelated increments” are both
required for a random walk process (see for details, Meese and Singleton,
1982 and Hsich, 1988; respectively).

In this paper, 1 examined the random walk hypothesis for the nominal
exchange rate serics by applying variance-ratie tests developed in Lo and
Mackinlay {1988} 1o five pairs of weekly nominal exchange rate series over
lhe span about 10 years, The present study focuses on the uncorrclated
increments aspect. This is not only because there are some important
departures from the randam walk that unit rool lest cannat detect, but also
begause the autocorrelation aspect may vicld interesting implications for
alternative exchange rates models. In particular, the correlated increment
supgests the possibility of either exchange rate overshooting {Dormbusch,
1976} or undershooting (Frenkle and Rodviguez, 1982} However. an
uncorrelated increment implies that the series follows randam walk.

Despite the cxchange rate avershooting or undershooting phenomenen,
the random walk in exchange rate has a number of useful implications. The
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presence of random walk implies thal we cannot forcsee the behavior of the
forex market using past exchange rate movements, since, the dircction and
size of changes are independently and randomly chosen from normal
disiribution (see for details Hull, 1995), Therefore, the best prediction is no
change; this is known as the naive forecast. In contrast, if exchange mtes do
not follow random walks, there are sufficient ZAin  opportunities (o
tompensate traders for the cost of information gathering.

An other very important implication of the random wulk is thal g
rescarcher be interested in testing whether the rae of growih of the exchange
rate, call it &y, 18 random walk or whether it can be explained by the lagged
vilues of the rates of prowth some fundamentals, Li: Thus, we can use the
following two maodels to forecast exchange rates:

Model 1@ &, _
Model 2: 8 = §U 1 g

where £, is unpredictable, “Model 1" is the random walk and “Madel 2 is
the economic model.” The presence of the random walks in exchange rates
suggests that economic madels of exchange rate determination cannot be
used to foresee the exchange rate Nuctuations, In contrast, if exchange rates
do not follow random walk then the economic models do betier than the
random walk in terms of point forecasts. This analysis has also very useful
implications for both hedeers and speculators. Most hedgers do not employ
continuous hedges w reduce the currency risk, Instead, they select the times
al which they want protection against adverse changes in exchange rates,
Definitely, knowledpe of market fluctuations can be used for ellective
hedging. Therelore, it is very tmpartant for business firms, houscholds,
fnancial service providers, policy makers, and finance academics to know
the behavior of foreign exchange market.

&

The remainder of the paper is organized as follows: Section 11 presents
the Titerature survey. Section 11 demonstrates the data sources. The foreign
currency returns estimation, the random walk hypothesis and emprical
methodology are alse discussed in this section. Section LV presents the
empirical results and provides a comparison of dilferent tests results, Sect ion

*Meese and Rogoft (1988 estimated the Model 2 in first-difference form. In their anlysis,
thus, &, is the rale of growth of the exchange rale and 0 is the rate of growih of the
tnterest rate JdifTerential.
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V¥ discusses the policy implications derived from these results and fina
scction summarizes and concludes.

Il. THE CURRENT STATE OF THE ART

Goodhart and Charles (1988) explored some anomalics in the loreign
exchange markets. Their results siated that longer-term speculation based on
fundamentals is strictly limited and interplay between speculations based on
fundamentals, and on a random walk influences the ouleomes.

Christina and Jia He (1991) tested the random walk hypothesis by
adapting variance-ratio tests under homascedasticity and heteroscedasticity,
They use five pairs of weekly nominal exchange rate scrics (the Canadian
Dollar, British Pound, Japancse Yen, French Franc, and Deutsche Mark, all
relative 1o the US Dollar) over the period [rom August 7, 1974 10 March 29,
1989. Their findings are quite conlrary to previous evidence in the literature.
They rejected the random walk hypothesis tor four owt of five {apart from
Canadian  Dollar) nominal exchange rate series at the [jve percent
significance level.

[n addition 1o this, their evidence is consistent for the two sub-periods
from August 7, 1974 to Oclober 10, 1979 and from October 17, 1979 w
March 29, 1989. However, the most ol the rejections under homoscedasticity
are robust to heteroscedasticity; this implies that the varianceratio is
differcnt from one due 1o autocorrelation, rather than to heteroscedasticity.
Furthermare, the resulls based on the Ros-Pierce Q-statistic rejected the
random walk only under the null of homoscedasticit ¥-

Richard and David (1996) used the variance ratio tests proposed by
Cachranc (1988) 10 examine the random walk hypothesis for the curmrencies
of cight economies of the Pacific Basin, Their results show that the random
walk model is not consistent with the dynamics of daily or weekly exchange
ratc innovations in the majority of the cxamined markets,

Swarna and Ghosh (1999) examined the weak anid strong forms of the
foreign exchange markets eificiency hypothesis for seven MAjOr currencics
of the European Economic Community (US Dollar, Belgian franc, Danish
krone, German mark, French frane, Tlalian lira, and Netherlandish guilder),
They usc daily data on the spot and forward cxchange rates over the period
from January 1973 to April 1994, The results, based on Harris-Inder (1994}
methodology, indicated that both forms of the market efficicney hypothesis
arc soundly rejected for all the major currencies of the Furopean Economic
Community (EEC),
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Jose and Pcter (2004 ) employed a nested purchasing power parity (PPP),
random walk (RW), and uncovered interest parity (ULP) specification to
investigale the mmpact of interest rate liberalization on exchange rate
expectations in the Dominican Republic. The analysis employs monthly data
on prices and commercial banks” inlerest rates for Dominican Republic and
the USA, and exchange rate data for the Dominican Republic covering the
period ranging from January 19492 0 December 2002, The findings naked
that the Dominican Republic financial market does nol follow random walk
and exchange rate [luctuations can be predicted by the interest rate
differential berween the Dominican Republic and the Uniled States.

II. RANDOM WALK MODLEL (RWNM)

Let consider £X,, £=1, 2, ..., T denote the closing price of a currency on
successive trading days. The random walk model treals a permanent arbitrary
drift in the price chunge from one peried to another with a component on
mcrements that are independent and identically distributed. Thus, the random
walk madel states:

EXp: = EX\ 1w+ s {1
EXei = v+ e

therefore, the increment in cxchange rate in ¢ period as:
EXwy = EXi= EX;

where w,.; = NID {cr_:}. and & 15 an arbitrary floal parameter. The w-; is

referred 10 in ime seneés litcrature as Gaussian While Noise. The equation
(1} indicates that the exchange mte in next period will be equal to the current
exchange rate plus some arbitrary drifl and stochastic term. We know the
stochastic term naturally is unpredictuble, therelore, the future exchange rate
movements cannol foresee using historical exchange rate movements.

THE BRANDOIM WALK IYPOTHESIS (RWH)
There are two fundamental implications of the random walk model:

"Random walk model implics ne investor can find over or under vulued CUITEnCY USIngG any
investinenl sirategy. However, some special causcs of abnormial retuens are luck, insider
trading, and lorecast formuln but aaly when proven beter thin market aversge,
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. Expected future exchange rate ineremenls are unpredictable in both
short and long spuns,

2. The varianve of 4 sample 1s proportional to the sampling interval,

The testing of tirst hypothesis implies the successive values of a time
series ore uncortelated. It means the series has a unit root. Thus, the
mmformation about historical changes of a lime series is ineffecrive for
prediction ol lulure changes, A policy maker also cannot design an effective
policy based on past information to reduce the probability of collapse.
Secand hypothesis deals with testing the variance of a time sertes” return is
lineur in the observation interval. It means the increments are uncorrelated,
This hypothesis has several important implications for traders and
rescarchers. It is very important, for a trader, to explore the sk of trading in
toreign currency, A trader has interest to know the possibility of profits and
losses. Furthermore, it provides information about the pattem of retums.

Our slucly focuses on testing sccond hvpothesis for Pakistani foreign
exchange market. This is not only because there are some important
departure from the random walk that wnit root test cannot detect, also
because the autocorrclation aspect may vield interesting implications [or
alternative models ol exchange rules, For this purpose, the study uses
variance-ratio test that was discussed by Lo and Mackinlay {1988),

TESTING METHODOLOGY

1. Box and Pierce (Q-Statistic

Box and Pierce (1970} gave Q-statistic as an alternative o various hyvpathesis
of autocorrelation with different time lags, 1tis delined as;

Ow = TEAE)  1=1,20,N 2)
F-l

where, g; (k) is autocorrelation with & lags and ¥ is the sample size*

i - Lo ERCER ] LEEN et
- —IH{—F:I?—”J, where £8, is the currency return in time & The standard error of

[

i (k) is defined as: SE(5, )= lﬂ e
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To st the validity of markel efficiency the Q-statistic is tested for
various values of m, for the following null hypothesis:

Ha Al the g (k) autecorrelation coefticients are simultaneously equal (o
Zero.

Cstatistic can capture departure from oo avtocerrelation in either
direction and at all time lags (governed by m). It approximately follows (fe,
in large samples) 3 Chi square (") distribution with m degrees of !n:-::dum
Here m is the number of avtocorrelalion included in the Q-statistic. For small
samples, Ljung and Box (1978) provide a finite-sample carrection thal vields
a better fit to the chi-square distributions,

= T(T+ ’-'}Z" {“ = dg @, N (3}

2. The Variance-Ratio Tests

We employ vanance-ratio tests, developed by Lo and Mackinlay (1988), to
test the both homoscedastic and heleroscedastic random walk hvpothesizes
for Pakistani forcign cxchange market.® The random walk null hypothesis
suggests that the variance ol a sample is lincarly associated with sampling
interval. Henee, the varance of the g-period return is must be equal to the ¢
times the variance of the one-period retumn.

Far { EX" ) = g = Far (EX) {4
VarlEX?)
i = Varl EX )

where ¢ is any integer grealer than one, The allemnative hypothesis will be
the ratio of the vanance of the g-period return to the variance of the 1-period

I implies lat the retuen dhstribation s the dentical independently disicibution {1159, in our
comtesl, the seres lullows rundom walk.

“This is beause the random walk modsl is o proper subset of the wnit root null hypoihesis.
Morzover. even though the varianee-ratio tost and unit soof test are divcct compelilons, il s
shown by Lo and Mackinlay (1989 that the vasiance-ratio 1est s more relialle an
Dickey-Fuller test, which is developed in Dickey and Faller (1979 for detecting the unil
maat companant and adopied in Meese and Singleton (19320 for exarmining e exchimpes:
Tate Rerics.
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retern divided by g 15 not equal to 1.7 To crplain the varianoe-ratio tese, let
£X, be the natural log of nominal exchange rate at time ¢ {Le., £X, = In (),
where P, is 8 exchange rate], A simple recursive relation as;

EXy = a+ £X ) + ¢ (3}

where « is an arbitrary drift parameter and £ 15 the random disturbance term.
We assume that, £ 15} = 0. Suppose that we obtain sg + 1 observation £X,
EXy, ..., EXy, where ¢ is any integral greater than 1 and consider the
following cstimators for the unknown parameters i and &

I:Ir = Li‘:ﬂk R H.’c =1 ::I= L [‘E-":r.!u_l i 'EXH:I I:ﬁmb
i pa g

i 50 o

el (BRI iy T (7)
L

3 L il .

dy (g) = EL‘-‘EK% - EX ., ~qU] (8)

=

MNow,

B

Under the finite-sample properties, the J, (g) test will convert in more
poweriul test:

5g)
M (g)= :3_ 1
d,
where
=q I_ "!E,'ll a f2
Bin=—Y (X, -Ex,_, -4U] (9)
nG oy

While this variance-rutio would be exactly equal to one anly under homoscedasticity, it still

approaches anc under the specificution of the heleroscedasticily in Lo and Mackinlay
(198K).



66 Pakistan Economic and Social Review

This differs [rom the estimator ﬁf{q} since this sum contains wg — g + 1

term, whereas the estimator & (g) contains on # terms. Finally, by using the
unbiased variance cstimators, the M-statistic is defined as:'

=1

M, (q)=22
: -
where
52 =—¥(ex, - gx,, -0f (10}
LT
= I J. o, - .t
52(g) = ;}_(ax}_ ~EX, - qUf (11}
't Y
m=.:3[ng-—.:;r+1}!1 i| {12)

Lo

For an aggregate value i of 2, the M, (g} can expend as:

i

=i : [ fis P - 2 ) N
¥, (q) = p1)- 4?#,&*, - £, -0f +(ex, - Ex, ., -0f = sy (13)
” -

Hence, for g =2 the 37, (g} statistic is approximately the first-order
autocorrelation coefticient estimator 5{1) of the differences. More generally,
it may be shown that

— 20g-1) . 2g-2) . 2T
H,w};—q -—:I,f.'-'ﬂ}" --Mﬂ[?.}—_-.+' alg—h
g 7 i
o= &l k],
M,{fj}EEZ| 1-=|30k)
k=l f.lr_.'

where 5(k) is the K™ order qutocorrelstion coelhicient estimator of the first

— gt . : :
Mg+ = __‘f} 15 called variance-ratio amd generally denoted by VIty).

2
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differences of £X." Hence, the variance-ratio can be written in terms of the
autocarrelation function (ACF) for the returns — il is simply a declining
weighted sum of the first ¢ — 1 avtocorrelation cocfficient estimators of the
first differences (retums).

3. Testing the Random Walk Hypothesis
The null and alternative hypotheses define as:

Hi: ﬂi;:f ) =1 (series follow random walk)
=1
H;: 44 1a) # 1 (series does not follow random walk™)

5>

Afler deriving an asymptotic distribution of the vanance ratios, two
alternative statistics are derived to test the null hypothesis for different
specifications of error term behavior,

I.  The Homoscedastic Standard Normal Tesi-Statistic, £ (g)

This test statistic considers an independent and identical distributed normal

error term. Therelore, the standard normal test statistic for homoscedastic

increments is computed as follows:

: _j,f b

= LWL no
[nigit

where  ni{g) is the asymptotic variance of varlance-ratic  under
homoscedasticity, defined as:

2{2g-NMg -1

£(g)

HHoweyver, the Box-Pierce C-sratistic is a lincar combination of squared aulocomelations
with all the weights set wdentivally equal tooaniy.
2§ T2 L) ] :
e, Al {s) .. 1 i% TC&N TEVETsim.
= +]
o i
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2. The Heteroscedastic Standard Normal Test-Statistic, ¥ (g)

A rejection of the Random Walk Hypothesis because of heteroscedasticity
would not be of rmuch interest. Hence, to aveid this, the heteroscedasticity-
consistent standard normal test statistic is emploved, which relaxed the
assumption of normality. The heteroscedasticity-robust test statistic is
defined as follows:

Z *(g)=M, (g) /Blg) = N (1)

where &g} is the heteroscedasticity-vonsistent asymptotic variance of the
VArange ratio:

iy

$(ex, - x,, -6 lex,, 55, -0F
H) =
[Z{Hi - EX, |_"Ii:r}.
Lkl

sy .

In  this  study, both homoscedasticity test  statistic, Z(g) and
heteroscedasticity-robust test statistic, Z* {g)"” are employed.

4. The Data

Tao test the random walk in exchange rate series, we cover the 383-weck time
span from January 1, 1995 10 May 31, 2004 for five pairs of nominal
exchange rate series (Pak rupee/US dollar, Pak rupee/apanese yen, Pak

"IT the random walk hypothesia is rejeced under homoscedasticity and is accepted wnder
heteroscedasticity then we can gsav the series does not follow random walk due oo
heteroscedasticity. [n contrast, if the rejection of the rundom wulk hypothesis is consistent
under homoscedasticity and heteroscedasticily fests statistic, then the series docs not
fallow random walk due o antocamelstions of increments.
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rupee/British pound, Pak rupee/Deutsche mark, and Pak rupee/TFrench franc).
The weekly currency retuns are derived from daily currency exchange rate.
The weekly return of each exchange rate pair is computed as the return from
Wednesday's closing cxchange rate 1o the following Wednesday's close, IF
the following Wednesday's exchange rate is mussing, then Thursday’s
exchange rate is used. IT Thursday’s exchange rate is missing the return for
that weoek is reported as missing, The data on exchange rates are obtained
fram various issues of the Monthly Statistical Bulletin of the State Bank of
I"akistan.

IV. EMPIRICAL RESULTS AND ANALYSIS

This section presents all the cmpirical resulss of the tests that had been
conducted to investigate the random walk in exchange rate serigs. The
variance-ratio tests performed at different interval length for entire sample
perind and for two sub-perieds will be reporied and analyses in section 1.
The section 2 will report and analyze the coefficients of autocorrelation, the
Box-pierce Q-stalistic, and Ljung-Box Q-slatistic at different Jag lengths.

1. Results from Variance-Ratio Tests

Using a base observation peried of vne week, the variance ratios and
homoscedasticity  test stalislic Z(g), and the variance ratios and
heteroscedasticity lest statistic Z* {g) are reparted in Table la and Ib
respectively, The actual variance ratios are presented in the main rews in
cach table, the Z- and #*-statistics are given in parentheses in Table la and
1b, respectively. Each row presents results for one exchange rate scries,

Table la indicates that under the assumption of homoscedasticicy the
four out ol the five nominal exchange rate serics follow random walk over
the entire sample period, The null hypothesis of randony walk, however, 5
rejected (at one percent significance level) for the French frane for all four
values g examined. Moreover, there is positive autocorrclation only in the
case of the dollar and the Japanese ven exchange rate series and the
remainder three exchange rate serics contain negative autocormelation.

However, there is no evidence 1o reject the null hypothesis of random
walk for the French franc when the test statistic is corrected for
heteroscedasticity (see Table 1b). It is indicating that the French frane does
not follow tandom walk duc to heleroscedasticity (fe, variance of
increments changes overtime). [t is found that these evidences are strongly
consistent (however, now the variance ratio for the dollar is less than umity)
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for the sub-period from January 1, 1993 to May 27, 1998 as reporled in
Table 2a and 2b.

TABLE 1a

Estimales of Vanance-Ratios VER{g) and
Yartance-Ratio Test Statistics Zg)

Varignce-ratio test of the randem walk hypothesis for five weekly exchange rate
serics, tor the sample perod from January 1, 19935, o July 31, 2004, One-wesk is
taken as a base observation interval, The variance ratics |+ M (g} are repotted in
the main rows, with the homuoscedasticity test statistic Z{g) given in parentheses
immediately below each main row, Under the random walk nuoll hypothesis the
vilue of the varance ratio is 1 and the test stalistics have a standard normal
distribution {asymptotically). Test statistics marked with ane asterisks and with two
asterisks indicate that the corresponding variance ratios are statistically difTerent
from 1 at the one percent and 5 percent levels of significance, respectively.

Mumber | Mumber ¢ of buse observations agoregated o
Currency ey 0f hase form variance ratic
ohsereation a Fi 5 TR
| Pak RaipesIS Thallar 424 [0 0,59 1.09 1.24
. ({1, 74] {000 {061} [1.08E}
Pak RupeeRritish Posma 420) 009 | 007 0,94 0,85
(003 | {035 | (D41 | (-0.65)
Pak Rupte'lupansse Yen 420 [ 1.01 L.Os 9l
ks (0.35): o CL04)- | (03N (=039
Pak RupeeDeutsche Mark 420 [ Mag [ L W [ [ER
_ | 024y |0y | 3s)y | (004
Pak RupeeFrench Frine | 420 hag | (ag 031 0,23
(630 | (53297 | =454 | (34

TABLE 1b

Estimates of Variance-Ratlios VR(g) and
Heteroscedasticily-Robust Varance-Ratio Test Statistics Z*{(y)

Variangce-ratio test of the random walk hypothesis for five weekly exchange rate
serieg, for the sample period from January 1, 1995, w0 July 31, 2004, One-week is
laken as a base observation interval. The variance ratios |+ 3 _(g) are repatted in
the main rows, with the heteroscedasticity-robust test statistic Z*(g) ziven in
parcntheses immediately below each main row. Under the random walk null
Ivpothesis the value of the vanance retio 15 1 and the tesc statistics have a standard
noermal distribulion {asymptotically). Test statistics marked with one asterisks and
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wilh lwo asterisks indicate that the cor responding variance ratios are statistically
differcnt fmm 1 al the vne pereent and 5 p-m:nl levels of signilicance, respectively.

Mumber Mumler g of buse obscrvations
Carrgnsy iy ol buze aggregated lo form varianee ratio
' observation | 5 1 2 16
Puk Bupce/L7s Tallar 4210 L. {150 .09 1.24
: (0.58) | 006) | 0600 | (117 |
Fuk RupeeBritisl Tound 4210 .5 (7 01,54 .55
; (002) | (=031 | -039) | (0.68)
Pak Rupee Japancse Yen 420 1.n2 1.01 105 090
; | 0% | aw | 023) | 026
Pal: Rugee/Dentsche Mark 420 R .01 | 1.05 01,540
] {-0.23) | (-0.13) (037 (=004
Pale Rupec/Ereneh Frang 40 | Dl | 040 n.1l 23
et 130 | 138 | 156 | L3y

TABLE 2a

Estimales of Variance-Ratios VR{q) & Variance-Ralio Test
Statistics £(q) for Subperiod Weekly: 01-01-1995 1o 27-05- 1995

Variance-ratio test of the random walk ]]}pﬂh:an for five weekly E'-;,L,l:l.._\rlj__j: Tate
serics, One-week is taken as a base observation interval. The variance ratios

| =M, (g) are repotted in the main rows, with the homoscedasticily test statistic

Zlg) given in parenthesss immediately below each main row, Under the rundam
walk null hypothesis the value of the variance ratio s [ and the Lest statistics have a
standard normal distribution {asymptotically). Test statistics marked with one
asterisks and with two asterisks indicate that the corresponding variznce ratios arc
statistically different from 1 at the one percent and 5 percent levels of significance.
respectively,

Wumber | Number & of base observalions agrreeated 0
Cumeney | ey o Bgse  farm varince o
observalion a3 4 & 18
Pak TupeaUS Dwollar 174 [RR 097 0n.us .97
_____ , (-0.05) | 023 | o009 | (-0.09 |
Fal: Rupec/Hrtsh Pound 174 L Lz 1,37 R
[ _ (-0.05) | (051 (0.69) | [oo3)
Fak Bupeedlapanese Yen | 174 .97 L. |23 1,50
. (242 | (.29 (D57} (0427
Pak RopeesDeutsele Mark 174 .5 1,54 1.0 [ 0594
_ . {-0.82) (LT {0.37) (1%
Pak Rupee/lrench Franc 174 .58 0,33 20 012
== [ [=3.5010% | (—=1.700" | (A5 | (=24
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Table 2h

Estimates of Variance-Ratios VER{g) and
Heteroscedasticity-Robust Variance-Ratio Test
Statistics Z*(g) for Subperiod Weekly: 01.01,1995 to 27.05. 1598

Variance-ratio test of the random walk hypothesis for five weekly exchange rate
serics. One-week is taken as a base observation interval. The variance ratios
L+ M ig) are repotied in the main rows, with the heteroscodasticilv-rabust test

slatistic #*(g) given in parentheses immediately below cach main row. Lnder the
rundom walk null hypothesis the value of the variance ratio 15 | and the test
staristics have a standard normal disteibuticn (asymptotically ). Test stafistics marked
with onc asterisks and with two asterisks indicate that the comesponding variance
ralivs are statistically different from 1 at the une percent and 5 percent levels of
significance, respectively.

~ Number “umbher q-ul:-fbﬂ!i'.: observatinns EEEIT'?EET';:'-_!
Currency ity ol i _ to form wirianes ratio
chservalion 2 F W [ g
[ Pak Rupealis Dollar 174 .99 08T ol 005 iy 097
: (-0.19) | (0.90). | (-0.23) | (-0.17)
Pak RupeeBritish Pound 174 095 1.07 1.57::1 (100
: _ (007 | (065 | (085) | (0.004)
Pak Rupeelapanass Yon 174 0.%7 102 1.23 (e
: B -pa1) | 030y | (0.58) | (043
Pak KupeeTheutsche Mark 174 .44 | L.A0E 0,94
) _ [—1.45) 1007 (0.249; (=0.21}.|
Fak BwpeaiFrench Frane 174 5% | 033 020 & 012
(=621) | (=128 [ E13000] (=2133)

TABLE 3a

Eslimates of Variance-Ratios VR(g) and Variance-Ratio Test
Statistics Zig) for Subperiod Weekly: 27.05.1998 to 31.07.2(H4

Varianee-ratio test of the random walk hypothesis for five weckly exchange rate
sories. Omne-week is taken as o base observation interval. The variance ratios
1+ & {g) are repotted in the main rows, with the homoscedasticity test slatistic

Ay given in parentheses immediately below each main row, Linder the random
walk null hypothesis the value of the varianee ratio is | and the st statistics have a
standard normal distribution (asymplotically), Test stalistics marked with one
asterisks and with two asterisks indicate thal the corresponding veriance ratios are
statistically different from 1 al the one percent and 5 percent levels ol significance,
respectively.
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Mumbher Mumber g of hiase observutions aggregated
! Cumreney s o sy ta form variance ratio J
abservation 2 | 4 8 T
- Pak Rupee/US Dollur [ 7246 107 o eling l.1% 1.53
(098 | w2n | o8 | (L7
Fak Rupec/Brifish Pound Idn [} 09 (.43 0,54
_ : (113 | (-0.59) | (-0.83) | (-0.51)
ak Rupeedapanese Yan 240 103 ‘ 112 | 1.0 00,51
. ; 0493 | (096 | {.25) | -0.18)
Pak REupeeDeutsche Mark 244 .04 .05 109 1.15
(.54} (36 (N3 [hAs]
Puk Bupec/Frenel Frang 2468 091 | QER | (.61 .43
| (-1.25) | (—084) | (-1.38) [—I.EHI-J
Table 3b

Estimates of Variance-Ratios VRig) and Heleroscedasticity-Robust
Wariance-Ratie Test Statistics Z*(¢g) for Subperiod Weekly:

27051998 to 31.07.2004

Variance-ratio test of the random walk hypothesis for five weekly exchange rate
series. One-weck is taken as a base observalion interval. The variance ratios
L+ M, (g} arc repotted in the main rows, with the heteroscedasticity-robust test
statislic £%(g) given in parentheses immediately below gach main row. Under the
random walk oull hypothesis the value of the variance ratio s | and the test
statistics have a standard normal distribution (asymptotically), Test statistics marked
with one asterisks and with two asterisks indicate that the corresponding variance
ratios are statistically different from | at the one percent and 5 percent levels of
significance, respectively,

Mumber

Mumber g of hase olbservations

Currency N of hase spgrerated f_'r_n:m VITIITICS ratio
observation 2 4 | & T

TPak Rupee/US Dallar T 2as 1.07 03 | 109 .53
.69 | 022 | sy | 1L

Pak Rupes/British Pound 240 |0 0492 083 (.44
_ (0.08) | (-0.69) | { 0.78) | -0.50)

| Pak Rupeedlupanese Yon 246 i3 .12 105 (rug
g oty 095 | 129 | @2 | -0

Pak RupeeTentsche Mark 244 1.04 1.5 1.0 | LA
{48 (L3 [ g (0.44;

Mak Rupes’French Freanc 240 (41 .58 a1 .43
(089 | (072) | LS9 | 119
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The results, presented in Tables 3a and 3b. for the subperiod May 28,
1998 o July 31, 2004, are slightly different. Both the test statistics,
homoscedasticily and corrected for heteroscedasticity, indicate thal the
random walk null hypothesis is accepted at 3% level of significance for all
the five nominal exchange rate scries. The estimated varance ratio for the
dollar, the Japanese ven, and the Deutsche mark is grater than one when
¢ =2, 4, 8 and 16, implying that there is positive autocorrelation of weekly
increments in the cxchange rate series, For dollar, the autocorrelation is 7
percent, agd 3 percenl and 4 percent for the Japanese ven and for the
Dreutsche mark, respectively.

2. Results from Box-Pierce and Ljuneg-Box Q-Statistics

To provide further evidence about testing the random walk hvpothesis for the
Pakistani foreign cxchange market, the standard Box-Pierce Q{g) statistic
and Lpmg-Box Qig) statistic alse applicd to the same data set used in this
analysis. To generate a test which is comparable with our previous variance-
ratio tests, the Box-IMierce (Ng) and Ljung-Box Q) statistics arc estimated
at laps 3, 10, and 15."

The first 15 autocorrelation coefficients, the Box-Pierce and Ljung-Box
(g} statistics {when g =35, 10, and 13) for the first order differences of
weekly nominal exchange rate series over the period from January 1, 1993 1o
July 31, 2004 are given in Table 4, The null hypothesis of random walk is
rejected for the France franc at all values g examined not only based on the
estimated standard Box-Pierce ( statistic but also based an the estimation of
the Ljung-Box () statistic. The random walk null hypothesis, however, for
the Japanese yen is rejected by the Box-Picree test only when g = 5 and by
the Ljung-Box test when g =35, and 10. Both the Box-Pierce test and the
Ljung-Box test do not provide any rejection for any remainder exchange mte
SCTLES.

"Since the variance-ratin computed with an aggregale valug ¢ 1z upproximately a linear
combination of the frst g — 1 awtocorrelation ¢oelMcients, it is comparable with the hox-
Picree (gl statishic of order g — 1, which is a linear combinution of the first ¢ — 1 squanal
autocomrelstions. 1L the series increments exhibit small sutocorrelations of the same sign
for many lags, it is more likely that the Dox-pierve Qi) statistic docs nol reject the null
hypothesiz while the variance-ratio fest dues. However, if the auncorrelations are lurge
and of varying signs, then the Boa-PFierce Qg) statistic my be more powerful thun the
VATLUNCE-Tatio fCAL
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TABLE 4
Autocorrelation Coeticients and Box-Ierce and Ljune-Box Qig) Statistics
Autocorrelation coefficients, Box-Pierce and Lung-Box Qig) statistics far the first

order difference of weekly nominal exchange rale series, for the sample period from
January 1. 1995 to July 31, 2004 ere reported in each calumn,

i British T TUnL

Lag R o M ol S il
L 0032 | -n.o07? 0014 0.326 LT
2 | o026, | 0023 | 0093 0,034 0037 |
St | 0,080 0027 | o068 nals 1016

g e Coate | o U130 .06 024

5 0042 | 0009 | 0176 2 0020
Gely 0,081 0,043 0053 | 00l8 | 0036

7 vl 0051 0031 | 0015 | .—0.042 ;|
g 002z | 0011 | 0039 0,007 0o
9 03,0006 noz1 0009 0013 0000
10 T 0007 062 (036 0,029
(n | 003 0.014 0012 | 0034 0065

12 g 08| 028 | 0010 | 008l |
13 0018 0011 0,001 0.01% 0064
|14 0052 | —0.055 D054 0.0 0,040
P 0015 —001E | 0010 0,005
Box-Fieree Q5] | 5000 .974 L4471%% | 43241 % lLood
| Box-Picrec O[10} | 9.453 2912 15002 | 44031% | 2588
Pox-Pierce QULS | 11656 |  6.791 19634 | 44675% | 9560
Ljung-Box Q(3) BOG2 | 0069 | [46AITF | 4341 106
Ljung-Box Qi 11} | sens | 2uss 182564 442350 | 263
Liung-Box QU15) | 11885 | 6097 | (9sus | sa007= | 9sm

=Eipnificant ut the five perceat level of significance,

V., ECONOMIC IMPLICATIONS

(ne main advantage of the vardance-ratio test is to report the averape level of
autecorrelations of increments. Since the varance-ratio minus onc is
approximalely ¢ — 1 limes the weighted sum of the first ¢ - 1 autocorrelation
coelhcients, There are a number of  alternative  explanations  for
autecorrelation, including an exchange rale undershooting or overshooting
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phenomenan, risk aversion, and official interventions in forcign exchange
markets, With government inlerventions, the increments in exchange rates
may be pasitively or negatively cprrelated, depending on the objective of the
intervention policy. Below the possibility of avershoating or undershooting
is briefly defined,

Greater than one magnitude of the estimated variance-ratio sugeests a
pesitive serial correlation in the return series,® Due to the positive serdal
correlation, the rejection of the random walk hypothesis may atiribute to the
exchange rale undershooting phenomenon, In contrast, it the estimated
varignce-ratie is less than unily then the rejeetions of the null hypathesis of
randam  walk may characteristic o the exchunge rate overshooting
phenomenon.

We find positive, however, stalistically insizmificant antocorrelations for
the US dollar and for the Japancse ven and negative autocorrelations for the
British pound over the entire sample period. However, statistically
significant less than unity varance-ratie obtained for the French frang, which
suggests neative seral correlation. Thus, the rejection of the null hypothesis
of random walk is the evidence of overshooting exchange rate phenomenon.

VI. CONCLUSION AND RECOMMENDATIONS

This study contributes to the growing literature on random walk in exchange
rdle by examining the foreign exchange market for Pakistan. The random
walk hypothesis is fested by adopting a variance-ratio 1es1 developed by Lo
and Mackinlay (1958). The study vses weekly data for five pairs of nominal
exchange rate series (the US dollar, the French franc, the Japanese ven, the
Deutsch mark, and the Brivsh pound) over the span from January 1, 1995 w
July 31, 2004, Furthermore, the same methodelogy is emploved for the two
sub-periods from Janvary 1, 1995 to May 27, 1998, and from May 28, 1998
to July 31, 2004,

Hrakistan pursucd 2 foating exclange rate policy over the period from January 1952 o July
A1 19, In order o minimize he adverse effects of economic sanstions, government
impuosed o dugl exchange rate syatem in July 25 1998 The dusl exchange rate svarcm was
replaced with market-based unitary aschanee rile svstem m May 1%, 1900, Tn July 21,
2000, however, the market-hased unified exchinge rate system was also replaced with
[ree-Nouting exchange rate regime,

SThe varianae ratio equal o unily, however, implics there is nn autocorrelation in return

S
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The random walk null hypothesis is rejecled only for one (the French
franc) out of the five currencies tested at all agerepation levels (2, 4, &, and
16). However, there is no evidence to reject the null hypothesis of random
walk for the French frane when the test statistic is comected for
heteroscedastivity. It is indicating thar the French rane does not follow
random  walk due to heleroscedasticity, The analysis found that these
evidences are strongly consistent for the first sub-period, For the sccond sub-
period, the random walk null hypothesis is accepted at 5% level of
significance for all the examined series,

To provide comparisons, the Box-Pierce and Ljung-Box ) tests arc also
applied to the same data set employed in this study, The variance-ratio lest,
the Box-pierce () test, and the Ljung-Box Q test agree with one another
under the assumption of homaoscedasticity for the entire sample period. The
study thus concludes that nominal exchange rates follow random walk for the
cntire sample period as well as for bath the sub-periods. The presence of a
random walk m the Pakistani forex market supgests that cconomic models of
cxchange rate delermination are useless for explaining exchange rates
Muctuations. It implies that teday's spot price of currency is the best
predictor of the future spot price of that currency.
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