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Abstract

The empirical results show that after the introduction of the three refinements to the
Linked Exchange Rate system in May 2005 the Hong Kong dollar follows a bounded
process that is consistent with a fully credible exchange rate band. The bounded process
will limit the movements of the exchange rate to between the strong- and weak-side limits
because its variance vanishes at the Convertibility Undertakings making it inaccessible to
the limits. The Hong Kong dollar does not show any strong tendency to revert towards the
centre of the Convertibility Zore. This is perhaps not surprising as there have been no
interventions in the foreign exchange market since May 2005. There may be few forces or
incentives for market participants to drive the exchange rate towards 7.80.
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Executive Summary

Policy literature has argued that for a target zone to be credible, the currency
exchange rate should have a specific statistical property —a mean-reversion. Thereis
however no strong empirical evidence to show that the Hong Kong dollar possesses
such a property after the introduction of the three refinements in May 2005 — which
essentially made the Linked Exchange Rate system a target zone. Instead it follows a
bounded process.

A bounded process for the currency in a credible target zone can be attributed to
potential central bank intervention and the ability of the central bank to defend the
band. As long as the exchange rate is “well within” the band, market participants
behave as if they are in a comfort zone and do not feel particularly compelled or
encouraged to pull the exchange rate towards the central parity. However, when the
exchange rate moves closer to the boundary, the market may anticipate an
intervention and push the rate back. Smply put, a bounded process contains a
reversion effect that only occurs close to the boundaries of the zone, but not in or
around the middle. Satistically, it is therefore possible for the random walk and
bounded properties to co-exist, and together they are consistent with a credible system.

To test this hypothesis, we use the maximum-likelihood technique to estimate the
parameters of the bounded process using the daily Hong Kong dollar spot rates from
18 May 2005 to 29 August 2007. The results show that the process is adequately fitted
and all parameters are statistically significant. The volatility is at the maximum
(about HK$0.048 annually or HK$0.003 daily) near the central parity of 7.8 and
approaches zero at the strong-and weak-side limits.



l. INTRODUCTION

It has been argued in the policy literature that for an exchange rate
target zone, the mean-reverting property of the currency is a sign that the market
judges the zone to be credible. The introduction of the three refinements to the
currency board in May 2005 has essentially made the Linked Exchange Rate
system a target zone. Despite the relatively short history, this gives us an
opportunity to study the properties of the Hong Kong dollar under the new
arrangement and, in particular, whether the currency follows a mean-reverting
process.

The driving force behind the mean-reverting property has been
widely debated.? Some attribute it to central bank intervention within the target
zone.® Others argue that credibility induces “stability speculation” by market
participants, producing forces to pull the exchange rate back to the central parity
whenever it drifts away too much from it. Many empirical studies attempted to
investigate this theoretical prediction by examining the time-series properties of
the European currencies in the era of the Exchange Rate Mechanism.
Unfortunately, the results of these studies were mixed.* Some of the currencies
were found to follow a random-walk process.

A school of thought argues that the fact that the exchange rate
behaves as a random-walk is not necessarily inconsistent with a credible target
zone, provided that it is a bounded process.® There are many reasons for the
exchange rate to have such a property, the most obvious one being potential
central bank intervention and the ability of the central bank to defend the band.
As long as the exchange rate is “well within” the band, market participants
behave as if they are in a comfort zone and do not feel particularly compelled or
encouraged to pull the exchange rate towards the central parity. However, when
the exchange rate moves closer to the boundary, the market may anticipate an
intervention and push the rate back suddenly. Simply put, a bounded process
contains a reversion effect that only occurs close to the boundaries of the zone but
not in or around the middle. Statistically, it is thus possible for the random walk
and bounded properties to co-exist, and together they are consistent with a
credible system.

For example, Krugman (1991), Svensson (1993), Rose and Svensson (1994), and Anthony and

MacDonald (1998).

But the exchange rate may not exhibit such a property if intervention occurs only at the limits of the

target zone.

*  For example, Ball and Roma (1994), Svensson (1993), Rose and Svensson (1994), Nieuwland et al.
(1994), Anthony and MacDonald (1998, 1999), and Kanas (1998).

®  See Nicolau (2002).
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This paper examines the dynamics of the daily Hong Kong dollar
spot rate since the introduction of the three refinements in May 2005 and
investigates whether its dynamics follows a mean-reverting process or a bounded
process. The dynamics is empirically tested in the following two sections.
Section 1V presents the analytical analysis of the bounded process. The final
section concludes the findings.

. M EAN-REVERTING PROCESS

We study the dynamics of the daily Hong Kong dollar spot rate from
18 May 2005 to 29 August 2007 based on the augmented Dickey-Fuller (ADF)
test and the variance-ratio (VR) test to determine whether the time series exhibit
stationary and mean-reverting properties.®’ Table 1 shows the mean, ADF test
and VR test statistics of the spot rates. Under the null hypothesis of the presence
of a unit root, the ADF test statistic for the level accepts the null hypothesis at the
5% level of significance. This suggests that the time series is not stationary in
level. However, the VR test regjects the hypotheses of random walk and mean
aversiononly for a 5-day horizon at a 10% level of significance. For other time
horizons, the VR test shows that the time series does not exhibit any mean-
reverting property in level. As aresult, there is limited evidence to support that
the time series exhibits a mean-reverting property in level.®

The results show that there does not exist a strong driving force in
the Hong Kong dollar exchange rate dynamics to pull the rate towards the central

parity.

®  Thebasic characteristics of atypical stationary time series are that the series fluctuates around a constant

long-term mean, and its variance and covariance are finite and time-invariant. One of the commonly used
unit root (stationarity) tests is the ADF test. The ADF test constructs a parametric correction for higher-
order correlation by assuming that a time series process (y) follows an AR(p) process and adds p lagged
differences of y to the test regression of:

Dy, =g +ay,, +b,Dy., +..+ b Dy, , +e
We test the null hypothesis (the presence of a unit root) of a = 0 against the alternative hypothesis of
a <0. Thetest isevaluated using the conventional t-ratio for a (t5 ) such that:
t, =a/(se@)),
where @ istheestimateof @ and se(@) isthe coefficient standard error.

The VR a lag K is defined as the ratio of the variance of the K-period return to the variance of the one-
period return divided by K. A unity VR means that the time seriesis arandom process. The time seriesis
considered to be mean reverting if the VR is significantly smaller than one. If the VR is significantly
larger than one, the time seriesis considered to be under a mean aversion. Further detailsare in Kim et al.
(1991).

The rejection of stationarity does not necessarily mean the rejection of mean reversion. For instance, a
time series process which is a sine-wave signal with white noise may not pass the test of stationarity. But
it may pass the test of mean reversion because the time series process always goes back to the mean
regularly.



Tablel. Statistics of HKD exchangerate (18 May 2005— 29 August 2007)

Spot rate

Level Daily change
Mean 7.7807 148 x 10-5
ADF test ) ) >k
Satistics 0.9950 24.9041
Variance ratio test ) * ) X
Satisticd 1.7491 9.2879*
Observations 596 596

Notes: 1. ADF statistics are from the ADF unit root test. The critical ADF
value at the 5% significance level is -2.86. ** and * indicate
significant at the 5% and 10% | evels respectively.

2. The variance ratio test statistic is the difference between the
variance ratio at a 5-day horizon and unity over the standard
deviation.  Asymptotically, it converges to standard normal
distribution. At 5% and 10% levels of significance, the critical
values are-1.96. and -1.65 respectively.

[Il. BOUNDED PROCESS

Next we test whether the Hong Kong dollar spot exchange rate
behaves like a bounded process in the Linked Exchange Rate system. To do so
we hypothesise that the exchange rate follows a random walk most of the time,
but that it tends to bounce off the Convertibility Undertaking (CU) levels
whenever it comes close to them. Formally, we adopt the following specification
of the bounded process:

dx, =k (Inq - Inx,Jx dt+$" (- Inx )° x, dz, (D)

where the Hong Kong dollar exchange rate S is transformed into x with a scale
from zero to one:

_ §-775

X === 2
' 7.85- 775 @)

$72(- In x)* x?is the variance that depends on the level of S, g is areal number, dz
is a standard random process and k determines the speed of adjustment towards a



mean of g.° It is noted that x is between zero and one as Sis between 7.75 and
7.85 (see Chart 1). The mean-reverting drift in the exchange rate dynamics makes
the specification more general.’® If the coefficient g is positive, the process will
be bounded, because when S gets very close to either of the CUs (7.75 and 7.85),
the variance of the exchange rate vanishes.™ This in turn implies that the
exchange rate is unlikely to touch either CU. The larger is g, the more sensitivity

is the variance of the exchange rate process to the distance from the target zone
limit.

Chart 1. Spot exchangerate and transformed rate of HKD
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To test the above hypothesis, the continuous-time model specified in
equation (1) is estimated using a discrete-time econometric specification as:'?
- X
AR za(f - Inx,) e 3

t-1

E(e,)=0, E(7|x)=s2=S7%(-Inx_,)>. (4)

The specification of the bounded processis generalised from the specification used in Lo (2007).
Theresult of the VR test in the previous section shows that a mean-reverting drift could be present.
When S converges to 7.75, (-Inx)’ x will converge to zero. On the other hand, when Sis 7.85, x is 1 and
Inx is zero, hence (-Inx)" x is zero.

This discrete-time econometric specification is used for testing the continuous-time models of US interest
ratesin Bali (1999).
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The parameter a and f have the same meaning as k and Inq in
equation (1). In addition, the variance is modelled by the conditional
heteroskedasticity through the lagged rate of (- Inx)°. The parameters in

equations (3) and (4) of the discrete-time econometric model are estimated using
the maximum likelihood technique.

The estimation results are presented in Table 2. The Ljung-Box test
statistics suggest that the model is adequately fitted because the standardised
residuals are not serial correlated and not heteroskedastic.'® ** The parameters for
the drift, a and f , are estimated to be 0.01 and -0.76 respectively, while the
parameter for the variance, s and g, are 0.08 and 0.86 respectively. The

coefficients are all statistically significant. The annualised volatility in the
exchange rate at different levels under the bounded process is shown in Chart 2.
The volatility is at the maximum (about HK$0.048 annually or HK$0.003 daily)
near the central parity of 7.80 and approaches zero at the strong- and weak-side
limits.™

Table2. Maximum likelihood estimations of discrete-time econometric model

Parameter Variable Estimated Standard Error P-value
Coefficients

a 0.0111* 0.0049 0.0240

f -0.7580** 0.2778 0.0064

o 0.0814** 0.0015 0.0000

y 0.8612** 0.0168 0.0000

Log likelihood 536.6340

Ljung-Box test on

standardized residuals up 31.0360 0.153

tolag 24

Ljung-Box test on

sguared standardized 26.0870 0.349

resduas up to lag 24

Observations 596

Notes: ** and* denotes coefficient significant at the 1% and 5% levels respectively.

13 The Ljung-Box test, similar to the Portmanteau test, identifies whether the autocorrelations among data
are jointly zero up to a specified lag. Compared with the Portmanteau test, t is more powerful.
Accepting the null hypothesis of the test meansthat the datais not serial correlated.

14 The standardised residual is the residual divided by the estimated volatility. If the model fits well, the
standardised residuals will be serial uncorrelated and homoskedastic. The homoskedasticity can be
checked by the Ljung-Box test on the jointly zero-autocorrelation among the squared standardised
residuals. Accepting the null hypothesis of the test suggests that the standardised residuals are
homoskedastic. See McLeod and Li (1983) for details.

15 The changes ae not symmetric at the central parity because most of the time the exchange rates had
stayed in the strong-side Convertibility Zone since the introduction of the three refinements.



Chart 2. Annualised volatility in HKD exchangerate at different levels
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To illustrate the dynamics of the exchange rate, Chart 3 shows two
simulated paths of the Hong Kong dollar for 250 days under the bounded process
with the estimated parameters. The paths are selected on the basis of the 25% and
75% of the end-points of 10,000 simulations. The movements of the exchange
rate are more volatile at the central parity and less volatile near the strong- and
weak-side limits.

Chart 3. Two selected simulated paths of HKD exchange rate
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V. ANALYTICAL ANALYSISOF BOUNDED PROCESS

In this section, the bounded process with a specia case of g= 0.5 is studied
analytically.*® We let the wesk-side limit be S, and the strong-side limit be S, . With the

variable of x=(S- S,)/(S,- S.), the interest rate differential Dr in relation to the

domestic (Hong Kong dollar) and foreign (US dollar) interest rates (i.e. r and r*)
respectively is expressed as

o+ 3 "r- r) (5)
S CEEYTS:

Under a no-arbitrage environment, equation (1) becomes

dx = [k (Inq - Inx)+ Dr|xdt+sx+/- Inxdz, 0<x<1 (6)
With changing variables of
y =+/- Inx
®&S-S, 0, O<y<¥ (7

st

where y® ¥ corresponds to S® § and y® O corresponds to S® S, , equation

(6) becomes
lom
—c—-X —dt- —dz 8
2§ y )
where x =k - ES Zandn = §<Inq +Dr + 1115 ZE. The equation governing the transition

probability density function u(y,t) associated with the stochastic process specified in
equation (8) is

Tu(y,t) 1 ,T%(yt) Télama o6, U
== - , 9
TR VR 210 xy;U(y )u 9
17

1 o o 3 (U
uly,t)= |yé”y”e<p8 (t)é

U
u (10
) a

18 The analytical solution of the transition probability density function is only available for g= 0.5.
7 The derivation can be found in page 238 in Karlin and Taylor (1981).
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where
_In
=5t
_% 1 20
c,(t)=¢k - =s %1
e 2 g
152 7 l ~
- e & =528 u
e ()= 41 @eé 2 3_119
k-Eszg g

I. isthe modified Bessal function

y
g (212
I (2)=§ 2~
, (2 ka;Ok!G(k+y +1)

and G() is the gamma function. From equation (10), the transition probability density
function of Sis

_ u(y.t)
s 2yepl- v2)S, - S.)

1 @[ 55 0
- S - =
oS- ), |- N2 TS g
Su-SL

The probability density function of the Hong Kong dollar exchange
with the estimates in Table 2 and Dr =-0.1% in time horizons of one month, three
months and six months is plotted in Chart 4. The peak of the probability density
function shifts to the strong-side limit over time because of the negative interest
rate differential Dr .

(11)
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Chart 4. Probability Density Function for HKD/USD Spot Rate
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The strong-side limit (S=§ ) is a natural boundary (asy =¥ ) for all

specifications of b, where the probability density function is zero. The exchanger rate
takes infinite time to move towards the boundary, therefore, the strong-side limit is
inaccessible. The exchange rate dynamics at the weak-side limit (S=S, ; y = 0) however

depends on the parameter
n
b :S—z
- 1. 2(k Ing +Dr)
1.,
=s
2

in equations (10) and (11), where 2(k Inq +Dr) is the drift. The dynamics can be
classified into the following three conditions:*®

@) b>1,ie (king+Dr)<0and |k Ing +Dr) >%s 2

When the exchange rate is approaching the weak-side limit, the drift is
strong enough to push the exchange rate towards the central parity under this condition
The weak-side limit is inaccessible and the probability density function at the limit is zero.
The dynamics of the exchange rate is thus completely bounded between the strong- and
weak-side limits.

18 See Chapter 15 in Karlin and Taylor (1981).
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(i) -1<b<1,ie (king+Dr)<0ad 0<|(kIng +Dr)|<%s 2

Under this condition, the weak-side limit is accessible as the drift is not
strong enough relative to the volatility to restore the exchange rate towards the central
parity. The exchange rate will be “sticky” at the limit over time, while the dynamics of
the exchange rate is still bounded inside the zone.

(i) bf-1,ie (king+Dr)30
The bounded process specified in equation (6) is not valid under this

condition. The exchange rate could exit the zone at the weak-side limit in finite time and
the transition probability density function in equation (11) is therefore not normalisable.

In summary, the exchange rate is bounded at the strong-side limit for all
specificatiors of b and a the weak-side limit when b >-1 (i.e.(k Inq +Dr)<0). The

bounded process is not valid only if (k Inq + Dr)3 0, where the interest rate differential

Dr is poditive (i.e. the Hong Kong dollar interest rate is higher than the US dollar interest
rate) and larger than k Inq (which is negative) in absolute terms. Since the introduction
of the three refinements to the currency board in May 2005, the interest rate
differential has been negative. Therefore, the market condition has been consistent with
the bounded process.

V. CONCLUSION

The results show that after the introduction of the three refinements
to the Linked Exchange Rate system in May 2005 the Hong Kong dollar does not
show any strong tendency to revert towards the centre of the Convertibility Zone.
This is perhaps not surprising as there have been no interventions in the foreign
exchange market since then.

The results of the empirical tests aso suggest, however, that the Hong Kong
dollar follows a bounded process, one that is consistent with a fully credible exchange rate
band. The bounded process will limit the movements of the exchange rate close to the
strong- and weak-side limits because its variance vanishes at the CUs making it almost
Inaccessible to the limits. Although there may be few forces or incentives for market
participants to drive the exchange rate towards 7.80, relatively large movements of the
exchange rate towards the central parity are expected when the exchange rates moves
close to ether side of the band. This occurred when the exchange rate moved from the
strong-side Convertibility Zone towards the 7.80 level in January 2007 and the reverse
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movement from the weak-side Convertibility Zone towards the central parity was
observed in August 2007.
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