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Abstract

The paper explores the stochastic behavior of six exchange rates- three EMS and three
non-EMS -during the U.S. dollar appreciation (before 1985) and depreciation (after
1985) using the Exponential GARCH-M model. The results showed that high volatility
in all rates was present before 1985, increased dramatically thereafter, and decreased
later for the non-EMS rates. In general, U.S. dollar depreciations increased the vola-
tility more than appreciations did for the French franc, the Italian lira, and the German

mark.

I. Introduction

t has been well established by now that in-
I creased exchange rate volatility during the

last decade or so is harmful to economic wel-
fare due to its adverse effects on international
trade and investment. Concern over volatility
gave rise to numerous studies in an attempt to ex-
plain and model it using the now-standard meth-
odology of Autoregressive Conditional Heteroske-
dastic (ARCH) model set forth by Engle (1982).
Their common conclusion was the rejection of the
stationarity assumption in the second moment of
the exchange rate distributions, which implies that
volatility must be modeled as conditionally het-
eroskedastic.' Several other studies employed lin-
ear-type ARCH models (for a survey see Boller-
slev, Chou, and Croner, 1992), to further investi-
gate volatility dynamics and spillovers across mar-
kets.> An extended version of the ARCH model,
called Generalized ARCH, was introduced by
Bollerslev (1986) and nests a variety of parametric
specifications to further examine the stochastic be-
havior of exchange rates.

Interestingly, despite the rich research on
asymmetric volatility of stock returns’, studies,
with the exception of Koutmos (1994), examined
exchange rate volatility ignoring asymmetry. Nel-
son (1991), in particular, criticized ARCH models

for being restrictive in modeling the conditional
variance, specified as a linear function of past in-
novations and conditional variances, and proposed
a model, called Exponential GARCH, that permits
shocks to influence the conditional variance in an
asymmetric fashion. Many authors, e.g., Pagan
and Schwert (1990), Koutmos (1992), used this
model and attested to its superiority with respect to
the asymmetric nature of volatility.

This paper sheds light to the behavior of
volatility of six major exchange rates with respect
to the U.S. dollar, taking into account cycles of
asymmetry in the dollar's past. Specifically, its
volatility pattern before 1985 when the dollar was
strong, and after 1985 when it was weak, will be
examined. Because the U.S. dollar is the leading
reserve and intervention currency, the extent to
which other major exchange rates respond to its
asymmetric behavior should be of significance to
world investors and traders. The study employs
Nelson's above-mentioned specification and was
chosen on the basis of its ability to accommodate
asymmetries such as appreciations and deprecia-
tions. Furthermore, the model is capable of ad-
dressing issues regarding the predictability of fu-
ture volatility, and whether positive or negative
shocks influence volatility equally.
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The remainder of the paper obeys the
following order: section II lays out briefly the
model to be estimated; the data, some preliminary
statistical results and the model's major empirical
findings are contained in section III; section IV of-
fers a summary and some concluding remarks and
section V provides some suggestions for future re-
search.

II. The Exponential Garch-M Model

The Exponential Generalized Autoregres-
sive Conditional Heteroskedastic in-Mean model
(EGARCH-M) of order p and q is specified as
follows:

Sil Qi ~ N{p, 0%} (1)
He =B + By Sis + B In(o) 2)
& =S - I 3)
c* = exp{oy + ZP,_; O h(z,,) + X%, a,In

(@9} )
L@E) = - (1/2) {In(c®) + €*/c%} (5)

Equation (1) describes the logarithm of the
percentage changes of exchange rate i at time t,
S., where p, and o* denote conditional mean and
the conditional variance of S; based on the infor-
mation set Q,;. The lagged term in (2) allows for
possible autocorrelation and would validate or not
the martingale hypothesis, according to which fu-
ture rate changes are not predictable from past in-
formation. Coefficient [, measures the
EGARCH-M effect (or risk premium). The con-
ditional variance (4) describes an exponential
function of past conditional variances, a,, and past
values of z,, where z,= g/c, is an iid process with
mean, E(z,|Q,;), zero and variance, Var(z|Q,,),
one for all t. The function h(z) of the standardized
residuals is expressed as h(z)=[|z|-E(|z])+ yz]
where E(|z|)=(2/n) and allows for the meas-
urement of any asymmetric impact (effect) of
shocks on volatility. The term |z|-E(|z]|) cap-
tures the magnitude effect, whereas yz, represents
the sign effect of a shock. If, for example, y<0
then volatility will increase more by a negative
shock than by a positive shock. Naturally, if y=0

then a symmetric impact on volatility in the pres-
ence of shocks of equal magnitude is implied.

The last term in (4), X%:i,, measures the
persistence of volatility and if it is less than one, as
required for the unconditional variance, exp(a,/1-
%,), to exist then the conditional variance is sta-
tionary. Finally, (5) describes the sample likeli-
hood function of the rate changes and, given initial
values for € and o, the parameter vector = will be
estimated using a nonlinear maximization method
(based on the Berndt et al. (1974) algorithm).

III. Empirical Results

The sample contains the daily U.S. dollar
spot exchange rates with respect to the French
Franc (FF/$), the German Mark (DM/$), the
Italian Lira (IL/$), the Canadian Dollar (CN/$),
the Japanese Yen (YN/$), and the British Pound
(BP/$). The first three exchange rates belong to
the European Monetary System, while the other
three do not. These rates (indirect quote) are
selling rates for interbank transactions in sizes of
at least one million U.S. dollars as reported in The
Wall Street Journal. The period is from January
4, 1982 to November 5, 1991 for a total of 2553
observations.

The paper examines the degree of volatil-
ity persistence of the six exchange rates before and
after 1985 when the U.S. dollar's world value
fluctuated sharply. In particular, the period before
March of 1985 was illustrated by a stunning
strength in the dollar and by consequence, equal
weakness of the EMS and other major currencies.
This strength, attributable to economic and politi-
cal reasons, resulted in an effort (known as the
Plaza Agreement in late 1985) to establish a close
coordination between the industrial countries. The
agreement called for slowing down the dollar's
slide which had already started in March and con-
tinued through all of 1986 into 1987. In February
of 1987, the same countries met again and reached
a new agreement (the Louvre Accord) to realign
their currencies and to peg exchange rates within a
narrow range to support the falling dollar. Rising
tensions, however, between the U.S., Japan, and
Germany created financial panic from the dollar's
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fall and resulted in the breakdown of the Louvre
Accord.

To obtain an idea about the properties of
the distributions of the rates and validate the dis-
tinct character of the three periods, Table 1 pres-
ents the findings from a preliminary statistical
analysis. Clearly, the insignificance of the means
is evident from the third and the entire period's re-
sults. A striking observation is that the variances
became much higher in the second period but de-
creased in the third. The empirical distributions of
the rates are skewed, while leptokurtosis appears
to be present during the first two periods only.
Evidence about conditional heteroskedasticity is
provided by the significance of the Lagrangian
Multiplier (LM) statistic for most rates for all pe-
riods.

Time dependency results are mixed
among the rates for the three periods. In general,
according to the Ljung-Box (LB) statistic for six
and twelve lags linearities are not a problem in
the exchange rates, while nonlinearities are pres-
ent and more pronounced in the first period, with
the noted exception of the franc. The entire pe-
riod's results, however, reveal a more clear pat-
tern of such higher-order dependencies. Thus, it
can be concluded that the rates are not white noise
since the squared series are not realizations of
strict white noise processes. Finally, two statistics
for unit root are included, namely the Augmented
Dickey-Fuller (ADF) and the Phillips-Perron (PP),
giving evidence of absence of a unit root in the se-
ries.*

To find the most descriptive model speci-
fication we tried with several orders of p and ¢
and concluded that a low order configuration
(p=q=1) for the conditional variance was supe-
rior’ Table 2 reports the estimates of the
EGARCH-M model for the six exchange rates for
the three subperiods. Also, computations of the
Half-Life of a shock and unconditional variance
are included. At first glance, the significance of
the volatility persistence, a,, with its marked in-
crease in the second period for all three EMS rates
and the pound and its quelling in the third stands
out. Regarding the other estimated parameters,
however, there is diversity in the results among

the rates across the periods.

In particular, some points are worth men-
tioning. First, the significance of the autoregres-
sive coefficient, (3,, for the yen (and marginally
for the lira, franc, and the mark) in the first period
violates the martingale hypothesis, according to
which future rates are not predictable from past in-
formation. This result has been documented by
other authors as well (Koutmos and Theodossiou,
1993, and Koutmos, 1993) and may be due to dif-
ferences inherent in these markets. Second, the
coefficient bs that links volatility to the conditional
mean, being negative for the EMS rates for the
first two subperiods and positive in the third, bor-
ders statistical significance in the first period but
becoming insignificant thereafter. Its importance
would mean that higher volatility in a given rate is
attributed to U.S. dollar depreciations (if b, is
negative).

Third, the asymmetry coefficient g pro-
vides some mixed results. In the first period, its
insignificance for the yen, franc, lira, and the
mark means that only the magnitude of a shock
matters (since a, is significant) for these rates. For
the pound, it is negative and significant indicating
that dollar depreciations cause higher volatility
than do appreciations, whereas for the Canadian
dollar depreciations cause lower volatility than do
appreciations. These conclusions are proved from
the results in the second period, in which volatility
for the Canadian dollar has decreased and in-
creased for the pound, following the dollar depre-
ciation. In the second period, only the magnitude
of a shock seems to be influential for all rates ex-
cept for the yen. Lastly, the third period reveals
that both the magnitude and the sign effect are im-
portant for all rates (except for the yen again)
when a shock occurs.

Fourth, as might be expected, the Half-
Life of a shock (dollar appreciation or deprecia-
tion) substantially persisted for the EMS rates and
the pound in the second period with a minor re-
duction in the third. For the yen and the Canadian
dollar, shocks became much less persistent since
the dollar's depreciation in 1985. In drawing an
analogy with the results of Table 1, the insignifi-
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CN/$

YN/$

1st Subperiod: 01/04/1982 - 02/28/1985

mean
variance
skewness
kurtosis
LM lags)
LB(6)
LB(12)
LB(6)
LB%(12)
ADF

P-P

0.0184*
0.0667
-0.0404
5.5294*
106.446%**
5.4160
16.2711
173.7842%*
213.4941**
-12.8945
-27.4029

0.0216
0.3682
-0.5387*
3.0091*
17.845%*
9.2760

13.5382

31.3491**

63.6632%*
-11.3569
-29.5716

- 2nd Subperiod: 03/01/1985 - 11/30/1987

mean
. variance
skewness
kurtosis
LM(4 lags)
LB(6)
LB(12)
LB(6)
LB%(12)
ADF

P-P

-0.0082
0.0802
0.4694*
4.9538*

32.3048%*
2.4816
8.9430

12.9806*

23.2470*
-12.8504
-25.4008

-0.0961*
0.4744
-0.6994*
4.9307*
66.8646**

17.8485%*
28.5290%**
58.5790%**
65.7034**
-10.0877
-26.2463

3rd Subperiod: 12/01/1987 - 12/09/1991

mean
variance
skewness
kurtosis
LM(4 lags)
LB(6)
LB(12)
‘LB%*(6)
LB%(12)
ADF
P-P

-0.0139%*
0.0665
0.2023
3.2335%

81.2451**
6.2007

12.0741
8.7136

18.7132

-14.9283
-33.9461

-0.0382
0.4585
-0.1050
2.8336*
44.5008**
7.3850
11.2361
10.0360
26.1568*
-14.2525
-33.2475

Entire period: 01/04/1982 - 12/09/1991

mean
variance
skewness
kurtosis
LM lags)
LB(6)
LB(12)
LB%*6)
LB%(12)
ADF

P-P

-0.0016
0.0707
0.2190*
4.4826*

182.7548%*
5.4096
18.1148

90.7631%*%*

114.3679**
-12.7899
-28.5362

-0.0207
0.4362
-0.4155*

3.6299*

136.9454%**

21.5619%*

29.1340%*
146.5451%*
171.3474*%
-12.3261
-26.8217

TABLE 1

Summary Sample Statistics

BP/$

-0.0704*
0.3969
0.4706*
3.7720%

32.285%*
5.7812

20.0700

36.4613**

41.5682%*
-12.6935
-29.4926

0.0757*
0.7234
0.4595%*
3.8085*
32.8408%**
4.1033
15.2224
38.9977**
56.7280%**
-11.7750
-25.5719

-0.0001
0.5195
-0.1689
1.4942*
14.6737**
10.2808
19.0591
20.7924*
14.2634
-13.3701
-32.4718

-0.0026
0.5411
0.2776*
3.2788*

91.9042%%*
6.1713

14.9790

110.7579%*
143.9318**
-12.4325
-26.8256

FF/$

0.0723*
0.5216
0.2886*
11.2632*
5.5526
14.2952*
19.2681
8.4051
8.9162
-11.8885
-30.2088

-0.0860
0.6375
-0.5527*
3.9365*
16.6099%*
5.2527
18.1086
8.7172
18.6340
-11.5177
-26.2663

-0.0043
0.4857
0.2630*
1.6824*

22.1039%*
8.9988

14.9101
8.7341

18.7582

-13.7924
-34.2476

-0.0019
0.5426
-0.0399
5.4931*
35.7822%%
9.8989
22.4792%*
59.9938**
73.7080%**
-11.6721
-27.7819

IL/$

0.0677*
0.3949
-0.6882*
5.0897*
41.262%*

11.1972
15.9960
52.9401 %%
54.2512%%
-12.4047
-30.6047

-0.0767*
0.5954

-0.3390*

3.4064*
10.8668
3.3329
12.8304
4.8122
13.3966
-11.9345
-26.2650

-0.0038
0.4520
0.2554*
1.7446*

22.6608**

10.0097

17.8414
5.4821

14.7062

-13.7832
-34.0483

0.0002
0.4764
-0.2423*
3.2761%*
67.8564**
4.0418
13.6556
93.387%**
110.250**
-12.4351
-26.8136

DM/$

0.0490*
0.4738
-0.7370%*
4.1982*
27.0887**
14.3376*
21.0712*
44.5732%%*
47.8253%%*
-12.4047
-31.0666

-0.1012*
0.6566
-0.5352*
3.6289*
15.7328%*
5.6617
17.1592
10.2184
21.0810
-11.4114
-26.2235

-0.0048
0.5305
0.2857*
1.9104*

20.8561%*
7.1090

13.1474

8.8591
21.0820%*

-13.9283

-33.9461

-0.0134
0.5506
-0.3039%*
3.2005*
61.457**
6.9559
17.4729
97.535%*
115.957**
-12.4309
-28.3627

Notes: the series are in logarithmic changes; $=U.S. dollar; CN=Canadian dollar; FF=French Franc; DM =Deutsche Mark;
IL=Italian Lira; YN=Japanese Yen; BP=British Pound; ADF=Augmented Dickey Fuller for unit root tests (up to 4 lags); P-
P=Phillips-Perron, also for unit root tests (up to 4 lags); LB(n)= Ljung-Box with n lags; the LB critical values for six lags are
12.592 and 16.812 for the five and the one percent levels, respectively, and for twelve lags with the same significance levels
21.026 and 26.217; the LM critical values are 9.488 for five percent and 13.277 for the one percent level of significance;
finally, the ADF and P-P critical values are -1.995, -2.864 for the one and five percent levels, respectively; *, ** mean
significance at the 5 and 1 percent levels, respectively.
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TABLE 2
Exponential Garch-M Estimates
Estimates ~ CN/$ YN/$ BP/$ FF/$ IL/$ DM/$
. 1st Subperiod: 01/04/1982 - 02/28/1985 (704 obs.)
b, 0.0304 0.0873 -0.0047 -0.0018 0.0061 -0.0412
(0.0299) (0.1336) (0.0662) (0.0541) (0.0598) (0.0589)
b, -0.0419 -0.1509%* -0.0067 -0.0873* -0.0821%* -0.0800%*
(0.0345) (0.0337) (0.0388) (0.0365) (0.0367) (0.0400)
b, 0.0033 0.0924 0.1502 -0.1646 -0.1337 -0.2227*
(0.0153) (0.2635) (0.1082) (0.0891) (0.0860) (0.0993)
a -0.0387 0.0180 -0.0895%* -0.0414%** -0.0844** -0.0598*
(0.0212) (0.0460) (0.0311) (0.0144) (0.0315) (0.0238)
a 0.1737%* 0.0003 0.2820%* 0.3727%** 0.3567%** 0.32271%*
(0.0281) (0.0033) (0.0431) (0.0497) (0.0504) (0.0493)
a, 0.9848** 0.9800%* 0.9037** 0.9321** 0.9173** 0.9272%*
(0.0064) (0.0048) (0.0292) (0.0188) (0.0259) (0.0231)
g 0.6993** 18.5800 -0.2095* 0.1222 0.1112 0.0987
(0.1543) (19.975) (0.0861) (0.0768) (0.0733) (0.0750)
HL 45.2750 34.3118 6.8481 9.8592 8.0314 9.1803
uv 0.0768 0.4065 0.3948 0.5435 0.3665 0.4400
LX) -84.3440 -90.785 -30.672 -76.808 -38.152 -47.175

2nd Subperiod: 03/01/1985 - 11/30/1987 (814 obs.)

b, 0.0778 0.2606 0.0778 -0.1422%* -0.1226* -0.1677**
(0.0531) (0.2717) (0.0531) (0.0528) (0.0520) (0.0512)
b, 0.0374 0.0148 0.0374 -0.0143 0.0124 0.0066
(0.0381) (0.0405) (0.0381) (0.0477) (0.0422) (0.0421)
b 0.0504 1.0731 0.0504 -0.1402 -0.1320 -0.1644
(0.1108) (0.7950) (0.1108) (0.1020) (0.1032) (0.1113)
a, -0.0070 -0.0015 -0.0070 -0.0198 -0.0249 -0.0197
(0.0064) (0.0050) (0.0064) (0.0107) (0.01406) © (0.0119)
" ay 0.2011%%* -0.0058 0.2011%** 0.2484** 0.2421** 0.2360**
(0.0289) (0.0041) (0.0289) (0.0559) (0.0548) (0.0565)
a, 0.9724** 0.9890%** 0.9724%** 0.9604** 0.9560%*%* 0.9556%**
(0.0090) (0.0078) (0.0090) (0.0167) (0.0211) (0.0194)
g 0.0640 1.3360 0.0640 0.1184 0.1380 0.0567
(0.0895) (0.8292) (0.0895) (0.1106) (0.1214) (0.1141)
HL 24.8401 63.0010 24.8420 17.1563 15.4024 15.2669
uv 0.7759 0.8725 0.7759 0.6065 0.5678 0.6416
LX) -160.852 -88.418 -150.878 -142.638 -125.849 -163.940
3rd Subperiod: 12/01/1987 - 12/09/1991 (1030 obs.)
b, -0.0470 0.0383 -0.1065 0.0023 0.0012 0.0137
(0.0402) (0.0493) (0.0627) (0.0618) (0.0651) (0.0628)
b, -0.0305 -0.0184 -0.0077 -0.0495 -0.0498 -0.0430
(0.0315) (0.0346) (0.0323) (0.0339) (0.0332) (0.0334)
b, -0.0220 0.0646 -0.2837* 0.0078 0.0056 0.0455
(0.0128) (0.0834) (0.1385) (0.0653) (0.1269) (0.1478)
a, -0.1086** -0.0367 -0.0363** -0.0308* -0.0313* -0.0257*
(0.0240) (0.0128) (0.0118) (0.0121) (0.0131) (0.0110)
a; 0.1900%** 0.2178%** 0.1320%* 0.1352%* 0.1276%* 0.1234%**
(0.0275) (0.0266) (0.0314) (0.0296) (0.0289) (0.0288)
a, 0.9580%* 0.9468** 0.94227%* 0.9521%* 0.9588** 0.9555%*
(0.0084) (0.0135) (0.0169) (0.0152) (0.0147) (0.0158)
g 0.2182% -0.0314 -0.5610%* 0.3877** 0.3660%* 0.3897**
(0.0972) (0.0671) (0.1675) (0.1319) (0.1261) (0.1400)
HL 16.1563 12.6940 11.6482 14.1440 16.5023 15.2321
uv 0.0753 0.5016 0.5336 0.5257 0.4678 0.5625
LX) -940.527 -56.2950 -148.475 -111.018 -57.494 -152.106

Notes: (see Table 1 above for exchange rate definitions); *, ** mean significance at the 5 and 1 percent levels, respectively;
standard errors in parentheses; HL=Half-Life of a shock on volatility and is defined as HL=In(0.5)/In(a,); UV is the
unconditional variance defined as exp(ay/1-S%,); finally, L(X) is the log-likelihood evaluated at the maximum.
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cance of the means is consistent with the earlier
findings and the unconditional variances are strik-
ingly similar to their corresponding sample coun-
terparts, corroborating thus the suitability of the
EGARCH-M model in modeling exchange rate
volatility and asymmetric behavior.

As a final check for the appropriateness of
our model, it is instructive to perform some resid-
ual diagnostic tests the results of which are tabu-
lated in Table 3. The standardized residuals for
all exchange rates have zero mean and unit vari-
ance. The estimated empirical model accounts for
a large percentage of the skewness and kurtosis of
the rates, while the Kolmogorov-Smirnov D-
statistic for normality check presents no serious
evidence of deviations from it. Further, the La-
grangian Multiplier statistic accepts the homoske-
dasticity hypothesis in the residuals for up to four
lags. Finally, the Ljung-Box statistics (up to six
lags) for the standardized and squared residuals
are insignificant for some exchange rates but the
possibility of higher-order dependencies cannot be
completely ruled out for the rest.

IV. Summary And Conclusions

In this paper the behavior of volatility of
six major exchange rates (three EMS, namely
French franc, Italian lira, and German mark and
three non-EMS, the Canadian dollar, the British
pound, and the Japanese yen) under the asymmet-
ric cycle of the U.S. dollar, that is, before and af-
ter 1985 was investigated. The analysis of daily
data confirmed the usual properties of short-run
dynamics like dependence of volatility, heteroske-
dasticity, and highly leptokurtic distributions. The
Exponential GARCH model seems to be effective
in modeling the changing volatility of the six ex-
change rates as residual diagnostics showed. The
study was based on three periods in the history of
the dollar, which appeared to have a distinct effect
on the pattern of the exchange rates volatility.

During the first period (1982-1985), the
violation of the martingale hypothesis implies that
predictability of volatility was possible from past
information for the EMS rates and the yen. High
persistence of volatility, being especially pro-
nounced for the Canadian dollar and the yen, also

characterized the period of dollar appreciation.
The second period (1985-1987), associated with
dollar depreciation, witnessed a striking increase
in the stochastic variance (volatility) in the EMS
rates and the pound, with no noticeable change in
that of the yen's. This result appears to dispute the
efficient markets hypothesis and may have serious
speculative effects. The third period (1987-1991),
also identified by a falling dollar, saw a reduction
in volatility in the non-EMS but not in the EMS
exchange rates and, most notably, the asymmetry
coefficient reveals that dollar depreciations in-
creased, or at least kept high, the volatility more
than dollar appreciations did.

The dollar's strong influence in the inter-
national financial markets and its domination by
capital movements, which vary quickly in re-
sponse to changing expectations or confidence,
make the exchange rate of the dollar volatile and
highly unpredictable. Thus, later in the 1980s, the
unprecedented plunge in the dollar's value neces-
sitated a huge volume of foreign exchange trading
as investors struggled to preserve the value of
their global investments. This situation, evidently,
created more uncertainty in the dollar's future and
hence greater exchange rate volatility. The coor-
dinated efforts of several major banks during that
six-year period resulted in a failure to stabilize the
markets and therefore had no perceptible impact
on the exchange rate volatilities.®

This asymmetric nature of volatility of the
EMS and non-EMS exchange rates, following a
U.S. dollar appreciation or depreciation, should be
exploited by financial analysts when developing
models for the pricing of derivative securities that
use volatility estimates. Hence, once again, the
substantial influence of the U.S. dollar on the ex-
change rates could be due to the fact that there is
uncertainty in a weak dollar's future, mostly be-
cause of political reasons, and that tends to exac-
erbate volatility in the exchange rates.”

V. Suggestions For Future Research

A useful application of the EGARCH
model is the study of the time-varying risk premia
in interest or eurocurrency rates. Also, by adjust-
ing the conditional variance one can examine the
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TABLE 3

Residual Diagnostics

CN/$ YN/$ BP/$

1st Subperiod: 01/04/1982 - 02/28/1985

mean -0.0132 -0.0034 0.0023
variance 1.0000 1.0000 1.0000
skewness 0.2918 -0.6517* 0.1257
kurtosis 0.5336 3.9064* 0.8708
LM(4 lags) 2.7643 8.2763 2.9081
LB(6) 2.5377 8.0754 2.3074
LB*6) 9.7261 11.2188 13.8720%*
D-stat 0.0227 0.0221 0.0217
2nd Subperiod: 03/01/1985 - 11/30/1987

mean 0.0072 -0.0024 0.0042
variance 1.0000 1.0000 1.0000
skewness 0.1572 -0.3245 0.0029
kurtosis 1.6747* 2.8971%* 0.9557*
LM(4 lags) 0.8810 6.6341 0.9660
LB(6) 1.6197 8.3219 1.4317
LB%(6) 5.9428 10.7832 11.7428
D-stat 0.0099 0.0198 0.0109
3rd Subperiod: 12/01/1987 - 12/09/1991

mean -0.0019 -0.0013 -0.0006
variance 1.0000 1.0000 1.0000
skewness 0.5204* -0.2473 -0.0786
kurtosis 2.2924%* 2.0228%* 1.1084*
LM(4 lags) 1.4327 5.4719 1.7929
LB(6) 3.3719 8.0004 7.2125
LB%(6) 7.5354 15.0124* 16.6459%*
D-stat 0.0110 0.0134 0.0160

FF/$ IL/$ DM/$
0.0028 -0.0012 -0.0098
1.0000 1.0000 1.0000
0.3129 -0.0619 -0.2200
4.6585 0.5163 0.5880
4.5415 3.3584 2.9691
5.2460 8.3513 3.5698
10.9183 14.4501* 11.2367
0.0211 0.0239 0.0210
0.0149 -0.0007 0.0023
1.0000 1.0000 1.0000
-0.3065* -0.1686 -0.3028 -
1.7934 1.4270* 1.8479*
4.7043 2.7682 4.5910
4.4415 3.1830 4.8358 .
10.8570 8.8380 9.6425
0.0165 0.0188 0.0185
-0.0040 -0.0060 -0.0038
1.0000 1.0000 1.0000
0.1724 0.0453 -0.1041
1.5263* 0.8369* 1.6152%
1.2024 1.3206 0.7759
5.2925 4.9387 4.0080
13.2017* 12.1289 11.3472
0.0157 0.0167 0.0142

Notes: (see Table 1 above for exchange rate definitions); * means significance at the 5 percent level; the critical values for the
Kolmogorov-Smirnov D-statistic are 0.0533, 0.0477, and 0.0424 for the three respective subperiods; see also notes in Table 1.

extent to which the forward premium influences
exchange rate volatility. £

Endnotes

1.  See the studies of McCurdy and Morgan
(1988), Hsieh (1989), Bollerslev (1990),
Akgiray and Booth (1991), Kaehler (1991),
Koutmos and Theodossiou (1993).

2. For instance Baillie and Bollerslev (1990).

3.  Pagan and Schwert (1990), Nelson (1991),
Koutmos (1992) among others.

4.  The Augmented Dickey-Fuller (ADF) test
involves estimating the following model: vy,
=a +at+asS,; + Scy, + uand
testing the null Hy: a,=0 versus the alterna-
tive H,: a,<0, where S, =log(Sy, S, is the
exchange rate, y, = S, - S,;, and t a trend

variable. See Dickey and Fuller, 1979) for
details. The Phillips-Perron (PP) test is
done by means of estimating the following
model: S, = by + b, (t-T/2) + b, S, + v,
and testing the null Hy: b, = 1 versus the
alternative H,: b, <1, where T is the sam-
ple size. See Phillips and Perron (1988) for
details. Acceptance of the H,, implies pres-
ence of a unit root in the S, series.

A low-order specification has been docu-
mented by others like Baillie and McMahon
(1989), Baillie and Bollerslev (1989), and
Koutmos and Theodossiou (1994).

A number of studies studied the effects of
central bank intervention during this period
such as Baillie and Humpage (1992), Dom-
inguez (1993), and Bonser-Neal (1996).
Their results were mixed as to the success
or failure of such intervention attempts.
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7.

See Koutmos (1994).
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