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Abstract

This paper examines the statistical properties of the logarithmic changes in daily
$A exchange rates. For all five exchange rates considered, changes exhibit
volatility clustering and highly significant non-linear serial dependence.

GARCH models in various forms were estimated and the results are that there
are significant GARCH effects and an unexpected change has asymmetric effects
on the future volatility of changes in all five exchange rates. There is some
evidence of the day of the week effect in the variance of changes, and the
announcements of economic news have a significant effect on changes but the
effects on the variance of changes are generally insignificant except in the case of
USD/$A rate. In general, the GARCH modeling of logarithmic changes in daily
$A exchange rates was found to be useful as shown by the significant reductions
in the skewness and excess kurtosis and the non-linear serial dependence of the
estimated standardised residuals.

*The author wishes to thank Jeffrev Sheen for helpful comments and
suggestions, and Gary Shilsen-Josling for providing the survey data used in this
paper.
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L. Introduction

It is well documented that the distributions of daily exchange rate changes are
leptokurtic, that is, the probabilities of observing extreme values are high compared o the
rormal distribution with the same mean. The salient feature of daily exchange rates is the lack
of senal dependence in logarithmic changes but highly significant correlation in squared
logarithmic changes which is suggestive of time varying heteroskedasticity. With
unconditional homoskedasticity, the coefficients of an econometric model can be estimated
efficiently by OLS even in the presence of conditional heteroskedasticity. However, non-linear
estimators can be more efficient in the presence of a non-linear dependence in the residuals
and so estimation technigues that take into account the non-linear dependence (i.e. conditional
heteroskedasticity} have been found useful in modeling changes in daily exchange rates

There have been a number of successful attempts at medeling logarithmic changes in
daily exchange rates using Generalised Autoregressive Conditional Heteroskedasticity
(GARCH). Engel (1982) show that if the conditional distribution of a series is
heteroskedastic, it is possible to observe leptokurtosis in the unconditional distribution of the
series even when the conditional disiribution is normal. Hsieh (1989} finds that GARCH (1,1)
maodels with the conditional normality assumption account for the excess kurtosis in the rates
of changes in daily US Dollar (USD) exchange rates for the period 1974 to 1983, However, he
concludes that the non-normal conditional densities applied in that study tumed out to be
more appropriate. Baillie and Bellerslev (1989) find the GARCH (1.1} models with the
standardised ¢ conditional distribution fit daily UST) exchange rate changes for the period
1980 to 1985 quite well. They also find that as the sampling frequency decreases from daily to
weekly. by-weekly and monthly, GARCH effects are weakened. and for the bi-weekly and

monthly data, the conditional normality cannot be rejected.



The aim of this paper is to investigate the statistical properties of logarithmic changes
in daily Austratian Dollar (A} exchange rates using the GARCH maodeling. The rest of the
paper is organised as follows: section T reports the statistical propertics of daily $A exchange
rates, section 11l outlines the modeling strategies, section TV discusses the estimation results.

and section V summarises the main results and offers conclusion.

11. Statistical Properties of Daily Changes of $A Exchange Rates

Austratian dollar exchange rales used in this study are measured in terms of foreign
currency units so that an increase in the rates is an appreciation of SA. They are daily
wholesale closing rates against the United States Dollar (USD), Deutsche Mark (DM),
Japanese Yen (JY). Britsh Pound (BP), and Swiss Franc (SF) reporied in the Australian
Financial Review for the peried 2 January 1985 fo 3 February 1993, yielding 2022
abservations. Changes are measured as AS; = (InS; - InS¢.1) = 100 and thus are continuously
compounding rates of return, in foreign currency, of holding SA. It is well known that
exchange rates behave in the same way as other financial prices. that is, as a random walk
process (Meese and Rogoff, 1983). Changes in exchange rates are roughly white noise, and
provided foreign exchange markets are informationally efficient, they cannot be consistently
predicted. Time series plots of each exchange rate changes are shown in graphs | to 5.
Although the five exchange rate changes appear stationary. volatility clustering is clearly
present in all cases, that is, large changes tend to be followed by equally large changes of

either sign, and small changes by equally small ones of either sign.

Table 1 displays some statistical properties of the changes in five daily $A exchange

rates. All exchange rate changes show significant skewness and excess kurtosis which are due

to higher peaks and longer tails of the distributions compared to the normal distributions with
the same means.

The second section of Table | reports the tests of independence and identical
distributions (iid) for each changes. The first two are Ljung-Box Q tests for the null of white
noise (with the lag length equal to the square root of sample size, 45) for changes and squares
of changes, respectively. While there is a highly significant serial dependence in squared
changes in all cases, linear dependence is generally weak and observable only in the cases of
USD, DM, and SF (with the significance at the 5%, 10%, and 5% levels, respectively).

The third jid statistic is for the testing of the equality of distributions of changes across
the sample. For simplicity, the sample was divided in half and the characteristics of the two
distributions compared, and the test slatistic under the nuil of equal distribution is distributed
as . The equality of two multinomial distributions is tested as follows: The variable under
test is sorted in ascending order of magnitude (not in absolute terms) using the whole sample,
and observations are put into k mutually exclusive and collectively exhaustive groups. The
choice of k should be such that the number of observations in each group is roughly equal and
k should increase with the sample size but at a slower rate (in this study, k = n'2). Denoting
the probability of an observation in the subsample one and the subsample two falling into
group / as p;; and p,», the est of equality of two subsample distributions is hased on the null
Hy: pit = piz for all i. The test statistic is distributed as X% and values farger than a suitable
critical value is evidence against the null (See Hogg and Craig (1978), pp. 320-321). All
except BP show a departure from iid, USD at 1%, SF at 5%, DM and JY at 10%.

Lastly, both the Phillips-Perron and Dickey-Fuller unit root tests confirm that changes

in daily exchange rates are stationary.

In the finance literature it is not uncommeon to observe the day of the week effect on

the volatility of asset returns, that is, the volatility varies across a week. Essentially, this has to



do with the amount of new information available on each trading day. Mondays usually have
more information compared to other week days since the relevant information that may affect
underlying asset prices would accumulate over non-irading weekends. This suggests that
distributions of exchange rate changes might differ across 2 week. To test for this possible
heterageneity of disiributions, as in Hsieh (1988), the sample is reclassified into five
subgroups corresponding to each weck day. This is accomplished by coliecting all Friday to
Monday changes into the Monday group. all Monday 10 Tuesday changes to the Tuesday
group, and so on. Table 2 repors the test results for the equality of the multinomial
distributions of pairwise changes. For USD, 5 out of 10 group comparisons show a significant
difference at least at 10 %. DM and SF each has one significant group difference at 10 %, and
JY and BP have none. Overall, there are only seven significant test statistics out of the total of
50, and so the day of the week effect in the mean of daily exchange rate changes is nct
significant. That is to say. the violation of fid in the whole sample is not due to the different

distributional characteristics on different days in a week.

11L. Modeling Daily Exchange Rate Changes

The existence of a highly significant serial dependence in squared changes in daily
exchange rate is suggestive of time-varying variance which can be modeled explicitly by

Generalised Autoregressive Conditional Heteroskedasticity (GARCH{p.q)} as betow:

Conditional Mean:  AS, = +¢,,
2, =zl 1 e~ (Bhy), 2, ~ id(0,1)

P q
Conditional Vaniance: b, =, + Z Buhe; + Z Bcjsf X
i=1 j=1

Bollerslev (1986) shows that p and q can be determined through the usual Box-Jenking

ARIMA modeling strategy using stz as the series under investigation. Instead of adopting this

strategy., it was decided to use a parsimenious GARCH (1,1) model since in recent empirical
nvestigations on exchange rate changes, GARCH (1,1) models were found to be very
successful compared to less parsimonious ones (Bollerslev, 1989). However, the non-
negativity condition for the conditional variance. b, requires B, > 0, f,> 0 and B, > 0 which is
rather restrictive. Alsc, a very high persistence in volatility has been found for exchange rate
changes, that is 3, + B, is very close to one. Neclson (1991)’s Exponential GARCH
(EGARCH) model (with the conditional variance equation shown befow) addresses these

problems.

Inh =8, +BL|%+B:2[IE};%|!“J%}+B}1]H})[4
t-1 1—

The coefficients now are not restricted to be positive, and the flexibility of this form is 10
allow for the asymmetric effects as well as the magnitude effects of shocks to the exchange
rate changes. That is, in addition to a larger shock of any sign having a larger effect, positive
and negative shocks are allowed 10 have a different effect on the fulure volatility of changes. If
Be) is negative, an unexpecled depreciation of $A increases the volatility while an unexpected
appreciation decreases it; and if i is positive, larger shocks have bigger impact on the
volatility regardless of the type of shocks. In addition, the chances of finding an integrated
variance are reduced since the stationarity condition for the conditional variance is that §3, be
less than one in absolute terms which is less restrictive than requiring B, be less than one
in absolute terms.

Anaother crucial aspect in modeling the conditional vaniance is to specify correctly the
distributional characteristics of the standardised residuals, z,. The most common approach

would be 1o assume the conditional normality, altheugh this assumption is frequently violated



in practice. However, Bollerslev and Wooldridge (1992} show that even if the conditional observation is on the relevant day of the week, and the holiday dummy takes the value of

L g 7 : . e one for any day t arket was closer 1 " i
distribution of 7, is misspecified, provided that the first two moments of the distribution are y day the market was closed the previous day for any reason other than being a

: . - : - : s weekend.
known, GARCH estimators with the conditional normality assumption are consistent in large

samples. Others have tried various non-normal conditional distributions. such as standardised 2. GARCH effects on exchange rate changes can also be due to an increased volaulity of

t {Bollerslev, 1987, Baillic and Bollerslev, 1989, Hsieh, 1989), geueralised error distributions changes following the arrival of new information. Furthermore, if news armrives at uneven
(Nelson, 1991), etc., with the ¢ distribution having some success in modeling changes in daily intervals of time, the volatility clustering may result. We consider five scheduled
exchange rates. In this study the standardised ¢ distribution is used, and the log likelihood announcements of economic variables made by the Australian Bureau of Statistics; they are
Einctionie current account, inflation, GDP. unemployment, and retail sales. The inflation and GDP

announcements are made every quarter, and the rest are monthly announcements. The news
InL = ']'[1;{(%) —In r(g] 7jlln(d _ 2):| variables are the percentage differential between the actual announced figures and market

expectations, that is, they measure the extent to which the announcements contain new

| —

1 el information (see Data Appendix).
Z ]Ilhl+{d+l)|n l+h-—-{—TW
Hd=2)

t=1 / 3. Movements in short-term interest rates may be useful in modeling the conditional variance,

The rcasoning is that changes in them could be regarded as an indication of the stance of

where (") denotes gamma function, and d is the degree of freedom parameter. As d monetary policy since one of the direct effects of changes in monetary policy is on short-
approaches infinity the ¢ distribution converges to normal. term interest rates and subsequently on exchange rates.

4. Considering that exchange rates can be viewed as the price of a financial asset, ie.

In addition to the simple EGARCH parameters, we consider other factors that might currency, it may be useful to apply the mean-variance analysis. That is. as the volatility of

influence the conditional variance. exchange rate changes increases, holders of the currency may require additional incentive

in the form of the risk premium in order to keep or holding on to the currency. This implies

1. Seasonality might be an important consideration since the volatility of daily exchange rate that the mean equation would include. as an additional explanatory variable, the variance of
changes might differ across a week. The simplest way of addressing the seasonality issue is the exchange rate changes in an appropriate form.
to include daily dummies in both the conditional mean and variance equations. Sinilarly,
the inclusion of a holiday dummy may prove helpful since trading days immediately All considerations outlined above suggest the conditional mean and conditional variance
following a public holiday usually have more information availabie than other weekdays, equations of the form:

just as in the case of Monday tradings. Daily dummies take the value ot one when the
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where R is the number of significant lagged dependent variable in the conditional mean
equation. This constitutes the central model in this study. The model without the seasonal
dummies and news variables is labelled Mode! 1, the one that includes the seasonal dummies
but without the news variables 1s Model 2, and the central mode] is model 3.

Instead of including the economic news variables in the conditional variance equation
in magnitudes, we can incorporate news dummies that take the vajue of one for observations
that include an cconemic announcement. This approach investigates whether or not the
presence of an announcement caused the volatility to change. This is Model 4.

Models 1 to 4 allow fur the possibility of positive and negative shocks having different

effects on the conditional variance. Alternatively. Glostern. Jagannathan and Runkle (1993).

; ; < 2
hereafter GJR, model this difference explicitly by replacing [}EE[ Ll[ ‘1 = ?] above by
i !
B 8}:4 87, where §" is a dummy variable that takes the value of | when g <0, and 0
t-1

otherwisc. In this form. fi; is expected to be negative if & negative (pusitive) shock increascs
(decreases) the volatility of changes. Model 5 uses the news variables in magmtudes, while
model & includes the news dummies in the conditional variance equation using the GIR

method. The six models for each exchange rate change are estimated using maximum

likelihood'.

" In additions to the estimations reported, atl combinations of EGARCH (p.q) up ta (2.2 were med

without making a significant difference 10 the resulis obtained for EGARCH (1.1)

IV. Empirical Results

IV-A United States Dollar

IV-A-1 Estimations

Tabie 3-a reports the USD estimations of the exponential GARCH in mean
(EGARCH-M) models discussed in the previous section. In the conditional mean equation,
the constant is significant only in model 1 and only at the 10 % significance level, Of the five
seasonal dummies included in models 2 1o 6, only the Wednesday dummy is significant in all
models at 5 %, and the positive stgn implies that $A appreciated, on average, un Wednesdays
by about 0.07 %. The coefficients for the current account and inflation news are statistically
significant at least at 3 % in all modcls that inciude the news variables. The magnitudes of the
two news coefficients are virtually the same across the models. The negative coefficient for
the current account news implies a depreciation of $A whenever there is a higher than
expected current account deficit, and the positive coefficient for the inflation news implies an
appreciation of $A whenever there is a higher than expected inflation®. In models 3 and 4,

good GDP news also caused a significant appreciation. In all models the coefficient for the

EGARCH-M term, ¢ty . is insignificant.

In the conditional variance equaticn, all the basic EGARCH coefficienis are highly

" This confirms the findings of Karfakis and Kim (1995} and Kim (1994 where an unexpecled current
account deficit caused a depreciation of $A and a rise in both short and long term domestic interest
rates, and an unexpected inflation caused the interest rates to rise but depreciated $A before April

1988 and appreciated it afterwards.



significant except for By which is significant only at 10% tn models 3 and 4, and at 5% in
models 1, 2 and at 1% in models 5, 6. In models | 10 4, f,,; is negative which suggests that an
unexpected depreciation of SA raised the volatifity while an unexpected appreciation lowered
it. In models 5 and 6, the asymmetry requires B,y be negative which is what is observed. The
negative asymmetric efféct of changes is explained by the so called the “leverage effect” in the
case of stock returns where an unexpected fall in the return causes a rise i the debt-eguity
ralio raising the future volatility of returns. In the current context, the observed negative
relationship between current changes in exchange rates and future volatility of changes does
not seem to have an obvious interpretation. However, it might be the case that an unexpected
depreciation would cause greater uncertainty than an unexpected appreciation in the sense that
a depreciation might be due to an unexpected deterioration of the terms of trade and this
would lead to an upward pressure on inflation and nominal interest rates which would add to
unceriainties regarding the stability of economic variables,

The coefficient for the autoregressive term, By, is close 1o one in all models which
impiies a high persistence in the volatility.

None of the seasonal dummies has a significant effect on the conditional variance
except for the one for Mondays which is positive and significant at 10% in models 2. 4 and 6.
and ai 5% in models 3 and 5. The positive sign indicates that the volatility of the $A changes
18 higher on Mendays, on average, which may be due io the accumulaticn of information over
the weekends.

The currens account and inflation news had significant influeaces on the conditional
variance, The former is significant ar 1% in models 3 and 5, and at 10% in models 4 and 5.
while the latier is significant at 5% in models 3 to 6. Both the news coefficients are positive
which indicates that an unexpected current account deficit and an unexpected inflation raised
the volatility of USD/$A changes. In addition, the two news cocfficicnts are significant and

have the same sign in modcls 4 and 6 as in models 3 and 5 meaning that the volatility

increased, on average, on the days of announcement of the two variables. This suggests that
unexpectedly high announcements of the current account deficit and inflation caused the
volatility to rise while unexpected low ones had litile effect, If this was the case, when the
types of news (good or bad) were not distinguished, the overalt effect of the economic news
announcements would be dominated by the bad news, thal is, a rise in the volatility. The other
three news variables failed to have a significant effect on the volatility.

[n all six models. the coefficient for the short-term interest rate, B, is significant at
least at 5%. The positive sign suggests that a rise in the rate is associated with a rise in the
exchange rate volatility. Finally, d is around 3.8 and is significantly different from zero (and
from infinjty) which suggests the presence of high excess kurtosis in the conditional

distribution of the residuals.

IV-A-2 Diagnostics

Table 3-b shows the diagnostics for the USD/$A estimations. The first three sections
of the table deal with the statistical properties of the standardised residual 7. In comparisen to
the summary siatistics reported in Table 1, the excess kurtosis is almost halved, however,
there is only a slight reduction in the skewness in alt models, The means and variances are
very close to zero and onc, respectively.

The statistics for the Q ftests of serial correlation for both linear and squared
standardised residuals are substantially reduced in size, however, there still is a significant
serial correlation in the squared standardised residuals. This is essentially caused by an outlier,
which is the observation on 4 February 19835, and with this observation omitted the Q statistic
is now insignificant in all models with the exception of model 1 whete it is significant at 10

%o. The Q statistic for the stability of the distribution is substantially lower compared to that in



Tabie | in all models, however it is still significant at % in model 2 and at 5% in the other
models.

Engel and Ng (1993) propose a set of diagnostic tests based on the idea of a news
impact curve. The basic idea is that if a model is specified correctly we cannot predict the
squared standardised residuats by variables observed in the past. The simple versions of their
sign bias, negative sign bias and posilive sign bias tests involve running thres simple
regressions of 22 on S_; (which lakes the value of cne when &, < 0, and 0 oiherwise),
Se.qu. and 87, 6.y (where S;_; takes the value of one when ¢, > 0 , and 0 otherwise),
respectively. The tests are carried out by testing the significance of the included variable using
the usual 1 tests. In addition, the joint test includes all three regressors and is an LM test. Only
the positive sign bias test is failed in models 3 and 6. however. the f statistic is marginally
significant only at 10%,

The tests for a unit root in the conditional variance reveal thar, although B, is very
close (o one, it is statistically significantly different from one in all models. This implies tha
although the shocks to the conditional variance are highly persisient, the conditional variance
itself is net integrated. However, the usual problems associated with the unit root testing may
be present and 50 the resulis should be interpreted with caution. The joint tests of significance
show thai only the news variables are jointly significant in the conditional mean equarion, and
both the news variables and the seasonal dummies are jointly significant in the conditional

varance equation. This confirms that model 1 is inadequare,

in sum, the dailly USD/SA cxchange rate changes are well accounted for by the
EGARCH-M models. There are strong GARCH effects, and the volartility is persistent but not
mntegrated. There is no strong seasonal pattern in the volatility, and the current account deficit
and the inflation news significantly affected both the conditional mean and the conditional

variance of the exchange rate changes. In addition, the short-term interest rate also influenced

volatility, and the conditional ¢ distribution for the standardised residuals seems to work well.

IV-B Deutsche Mark

1V-B-1 Estimations

Table 4-a reports the estimations for the DM/SA rate changes. None of the seasonal
dummies is statistically significant, nor is the constant term in all models. Of the five news
vanables, the current account deficit and inflation news have the coefficients that are
significant at 1 % in models 3 to 6. The negative and positive signs for the two news
coefficients indicate that a 1% higher than expected current account deficit and inflation
announcements depreciated and appreciated SA by about 9.01% and 1.13%, respectively. In
addition, in medels 4 and 6 the unemployment news also had a significant negative impact on
the exchange rate. An unexpected unemployment depreciated the DM/$A rate. The
EGARCH-M term is not significani.

In the conditional variance part of the estimations, By s highly significant but is
smalier than one in all models (see the fourth scetion of Table 4-b); B,; is significant at 1 % in
the relevant models; B, is negative in the non-GJR models (1,2.3 and 4) and is marginally
significant at 10 % in model 4. In the GIR models (5 and 6), B, is significant at 1% and has a
negative sign in both models. The asymmetric effects of changes are present in all models,
hawever, they are significant only in the GJR models and model 4.

In models other than model 1. the Tuesday and holiday dummies are sigmficant at 10
% and 5%, respectively. The negative and positive coefficients for the dummies imply that, on
average. the volatility of DM/$A changes decreased on Tuesdays and increased on the days
following a public holiday.

lhe news effect on the conditional vatiance is generally insignificant, only the



unemployment news coefficient is significant and positive at 10 % in models 3 and 5. The
coefficient becomes negative in models 4 and 6 but is insignificant. The shor-term interest
rate has no explanatory power and d is around 5.5 which explains the significant excess

kurtosis in the standardised residuals.

1V-B-2 Diagnostics

The skewness 1s reduced slightly in models 3 and 5. and slightly higher in the others,
and excess kurtosis is reduced slightly in all models. There is no evidence that the
standardised residuals are serially comelated in linear and squared form, and they are
identically distributed in all models except for model | where the test statistic is significant at
10 %. The negative sign bias test is failed in all models. however, none of the other tests
including the joint test is failed. The hypothesis of an injegrated variance is rejected at any
meaningful significance level.

The tests of significance of additional variables included in the models show that only
the news variables are jointly significant in the conditional mean equation, and only the
seasonal dummies are jointly significant in the conditional variance equation, however, all

additional variables are jointly sigmficant, rejecting model 1 as an appropriate model.

In sum, EGARCH-M models describe the changes in DM/$A exchange rate quite well.
The diagnostics of the estimations show ne fundamental model inadequacy, additional
variables in both the conditionat mean and the condisional variance equations tumed out 1o be

useful, and there is no evidence of the variance being integrated.

IV-C Japanese Yen

IV-C-1 Estimations

Table 5-a reports the JY/$A estimations. Only the current eccount and inflation news
variables are significant in the conditional mean equation. As in the previous two exchange
rale estimations, an unexpected current account deficit depreciated JY/$A exchange rate and
an unexpected inflation appreciated it on the days of their announcements.

“The constant in the conditional variance equation is significant only in models 1, 5 and
6, and fig’s are significant at 1 % in all models and their signs are such that the negative
asymmetric effects are present. That is, [, is negative and B, is positive in the non-GIR
models; and B is positive and [.; is negative in the GJR models. The coefficicnt for the
autoregressive term for the conditional variance is around 0.85 and is highly significant in all
models. Amoag the seasonal dummies included. only the holiday dummy is significant and
positive at 5 % which implies the volatility of the JY/$A changes increased on the days
following a pubiic holiday. No news variable is able to expiain the volatility and the short-

term interest rate also has no explanatory power.

1V-C-2 Diagnostics

The skewness of the standardised residuals is reduced slightly and the excess kurtosis
is more than halved in all models, however they are still significantiy different from zero.
Although there is no evidence of linear and non-linear serial dependence, there is a departure
[rom the assumption of identical distribution in models 3, 4 and 5. The sign bias test is failed
in all medels, and the negative sign bias is also significant at 10 % in model 1. Nevertheless,

the joint test statisiic is not significant in any model. As in the previous exchange rate



estimations, there is no evidence of an inteprated variance, and the seasonal dummies and the
news variables in the canditional mean and conditional variance equations are Jjointly
significant thereby rejecting model 1. however., only the additional variables in tie conditionzl

mean equation are jointly significant.

The daily JY/SA exchange rate changes are well modeied by the EGARCH-M
approach. All the EGARCH parameters are significant and there is no evidence of variance
integration. In general, the additional explanatory variables are not successful in explaining

the volatility of changes.

1V-D British Pound

IV-D-1 Estimations

Table 6-a reports the estimations for the BP/SA exchunge rate changes. The Tuesday
dummy in the conditional mean equation is significant at 5 % in all models, and the negative
sign suggests that, on average, $A depreciated against BP on Tuesdays. The current account
deficit and inflation news significantly affected the exchange rate on the days of their
announcements. An unexpected current account deficit depreciated the exchange rate and an
unexpected inflation apprecialed it. The constant and the EGARCH-M term are not significant
in any model.

In the conditional variance equation, the constant is insignificant in all models, and the
negative asymmetric effect is present in all models but significant only in models 5 and 6. The
autcregressive term for the variance is very close to one but not statisticatly so. The only
significant seasonal dummy is the holiday dummy and is sigrificant at 10 % in model 2 and at

5 % in the other models. There is no real evidence that the economic news have any

significant effect on the volatility of changes. None of the news coefficienss is significant with
the exception of the unemployment news in models 4 and 6. however it js significant only at
10 %. The negative sign for the news coefficient implies that, on average, the volatility of
changes is decreased on the days of announcement of unemployment figures. however, the
actual news variable itself is not significant. This may be explained by considering the notion
that markets have in mind a clear strategic response 10 the news and so following an
unemploymen: surprise market participants reacted in the predictable fashion so as to reduce
the uncertainty associated with the news. The short-term inferest raie had no effect on the
volatility and the degree of freedom parameter for the z-distribution is around 4.8 which is an

evidence against the normality assumption.

1¥-D-2 Diagnostics

Table 6-b shows the diagnostics for the BP/$A estimations. The excess kurtosis is
reduced in size, however, there is an increase in the skewness compared to the one in Table 1
in all models. The statistics for the tests of linear and non linear serial correlation are
significantly reduced, however, there is siill some evidence of serial dependence in the
squared standardised residuals which tumed out to be due to an outlier. The omission of the
outlier, which is the observation for 16 August 1990, removed completely the non-linear serial
dependence in all models. The distributions of the standardised residuals are iid. There is an
evidence of remaining negative sign bias as shown by the significant test statistic in alt
models, which cause the joint test to fail in models other than 3 and 5. The additional
variables included are jointly significant in the conditional mean equation, however, they are

not signiftcant in the conditional variance equation.



In sum, although the excess kurtosis of the exchange rate changes is substantially
reduced and the non-linear serial dependence of z, eliminated ¢with the outlier taken out),
there is an ¢vidence of model misspecification in models other than 2 and 5 in the form of
failed joint test of Engel and Ng. Thus, although EGARCH-M explains a substantial portion

of the conditional variance, the models 1. 2, 4 and 6 may not be adequate.

IV-E Swiss Franc

IV-E-1 Estimations

lable 7-a reporis the estimations for the SF/$SA exchange tate changes. In the
conditional equation, only the current account and inflation news variabies are significant,
They have the same sign as before, and so the same interpretations would tollow,

In the conditional variance equation, the constant 1erm 15 significant at 19 % in models
2,3 and 4. All ihe relevant variables for the negative asymmetric effects are significant at least
at 5 % in all models. The coefficient for the autoregressive term is highly significant and close
to one. The Tuesday, Thursday and holiday dummics are significant in all models. and their
signs suggest the volatility of changes tends to fall on Tuesdays and Thursdays, while it tends
to rise on days following a public holiday. The unemployment news is significant at 5 % in
models 3 and 5 with the positive sign implying an increase in volatility whenever there is an
unexpecied unemployment. As in the other exchange rates, there is no significant interest rate
effect and the estimated degree of freedom for the r distribution explains the significant excess

kurtosis in the standardised residuals.

1V-E-2 Diagnostics

Table 7-b reports the diagnostics for the estimations. The skewness is slightly higher
and the excess kurtosis is halved compared to the ones in Table 1. The distributions of the
standardised residuals are ifd. However, there is some evidence of serial dependence in the
squared series, the Q7 statistic is significant a1 10 % in models 2, 3 and 5. and a1 5 % in
models 4 and 6. The sign bias, negative sign bias and joint test are significant at least at 5 % in
all models. This might be an evidence of model misspecification.

The news variables are jointly significant in the conditional mean equation but
insignificant in the conditional variance equation, and the reverse is the case for the seasonal
dummies. All the additional variables included in the conditional mean and variance equations

are jointly significant in the relevant models.
The SF/3A exchange rate estimations show some evidence of model misspecification

judging by the significant asymmetric effects and non-linear serial correlation still present in

the standardised residuals.

V. Summary and Conclusion

This paper examined the statistical properties of the logarithmic changes in daily $A
exchange rates against five currencies. All five exchange rate changes show highly significant
non-linear dependence and exhibit volatility clustering. Using the EGARCH-M modeling
strategy with the conditional # distribution for the standardised residuals, all five exchange rate
changes were modeted with generally successful results.

The excess kurtosis is substantially reduced in the estimated standardised residuals but
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is still statistically significant in the estimated models for all five exchange rate changes,
providing a justification for using a non-normal conditional distribution. The highly
significant serial dependence in the squared changes, which is suggestive of GARCH effects,
15 significantly reduced in all cases and is eliminated in ail exchange rates other than SF/$A
rate. The tests of identical distributions are sull significant in the standardised residuals in all
models of the USD/$A exchange rate estimations, and in some models of JY/$A cstimations.

The Engel and Ng diagnostic tests reveal that only the SF/$A rate fails the joint test in
all models and the UK/$A estimations have some failed joint tests. Other exchange rates show
ne evidence of overail model misspecification.

The coefficient for the auwtoregressive term of the conditional variance is highly
significant and very close 10 one but the conditional variance is not integrated in all models of
five exchange rate estimations. The negative asymmetric effects of unexpected changes in
exchange rates on the changes of future volatility are present and significant in all the rates
except for the non-GJR models in the DM and BP estimations. The asymmetry observed
indicates that an unexpected depreciation of $A caused the volanlity of exchange rate changes
1o rise while an unexpected appreciation had the opposite effect.

The seasonal dummies turned out o have an insignificant effect on exchange rate
changes. This is not surprising considering the results in Table 2 which show virtually
indistinguishable distributional characteristics amongst different days of a week. On the other
hand, seme news variables have a significant effect. The current account deficit and inflation
news are significant in all the conditional mean equations; an unexpected current account
deficit depreciated $A against five currencies, and an unexpected inflation appreciated it In
addition, an unexpected rise in GDP appreciated the USD/SA exchange rate.

The EGARCH-M term is not sigmficanl in any exchange rate estimations and
dropping it does not produce any notable change. Thus, the volatility of changes does not

affect the changes in all five exchange rates. The shori-term interest rate included in the

conditional mean equations show significance only in the USD estimations, however dropping
the term in the other exchange rate estimations does not produce any noticeabie change.

With the exception of the USD exchange rate, all changes are more volatile on the
days immediately following a public holiday. This confirms that markets have more
information on those days compared to other days of week, In addition, some daily dumimies
have significant coefficients in the conditional variance equations; the volatility of USD
changes jncreased on Mondays, that of DM changes decreased on Tuesdays, and that of SF
changes decreased on Tuesdays and Thursdays,

The news variables included in the conditional variance equation show generally
insignificant resulis. The current account deficit and inflation news significantly increased the
volatility of USD changes while the unemployment news increased the volatilities of DM and
SF changes. Other news variables simply can not explain the movements of the conditional
variance of changes. There is also some evidence that the conditional variance responds to
economic announcements regardless of their news contents as shown by the significant news
dummies in modet 4 and 6. The USD exhibits an increased volatility on the days of the current
account and inflation announcements, and the BP shows a fal! in the volatility on days of the

unemployment announcement.

In sum, daily changes in the five $A exchange rates exhibit volatility clustering and
these non-constant conditional variances are modeled relatively well by the EGARCH-M
models with the exception of SF estimations which show some evidence of model
misspecification. In addition, there is an evidence of the day of the week effect in the

conditional variances and some economic anmouncement news had a significant influence,
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Data Appendix

1. $A Exchange Rates:

The daily $A dotlar exchange rates used in this study are daily wholesale closing rates
as reporied in the Australian Financial Review. $A is measured in the foreign price term so
that an increase in the rates is an appreciation of $A. The sample period is from 2 January to 3

February 1993, yielding 2022 observations.

2. News variables:

(a) Economic announcements

The scheduled announcements of econemic variables are the relevant Australian
Bureau of Statistics (ABS) publications which aze usually embargoed until 11.30 am on the

day of announcement.

The Curreat Account Deficit figures are announced menthly in the Publication No.
5301, Balance of Payment. The figures are in A$ billions and the publications are embargoed
until 11.30 am on the day of the announcement. The sample includes 90 anncuncements from
the July 1985 figure that was announced on 13 August to the December 1992 that was

anncunced on 2 February 1993.

The inflation announcements arc the quarterly percentage change in the weighted
average prices of all goods and services in eight capilal cities and are reporied in the ABS

Publication Call No. 6401, Consumer Price Index, Quarterly. There are 31 announcements

beginning from the June quarter 1985 which was announced on 25 July 1985, ending with the
December quarter 1992 which was announced on 28 January 1993, The announcements were

made at 9.00 am up to the December quarter | 988 announcements and 11.30 am afterwards.

The GDP announcements are the quarterly release of the ABS Publication No, 5206,
Quarterly Estimates of National Income and Expenditure. The figures are the percentage
change in the Estimates of Main Aggregates al constant prices. With the exception of five
announcements, all announcements were made at 11.30 am. There are 30 announcements, the
first one is the June quarter 1985 figures which was released on 20 August 1985 and the last

one 1s the Seprember quarter 1992 figures which was released on 1 December 1992,

The unemployment announcements arc the monthly announcemenis of (he proportion
of persons unemployed in Australia reported in the ABS Publication No. 6203, The Labour
Force Australia, Monthly. There are 87 announcements made in our sample beginning from
the August 1985 figures released on 2 October 1985 and ending with the November 1992

figures released on 24 December 1992, All announcements were made at }1.30 am.

Lastly, the retail sales announcements are the percentage change in the monthly retail
sale of goods measure at the current prices as reporied in the table | of the ABS Publication
No. 8501, Retail Sales of Goods. Monthly. There are 50 announcements made in our sample,
the first one is the figures for August 1988 which was released on 7 November 1988 and the
last one is for October 1992 which was released on 9 December 1992, All announcements

were made at 11.30 am.



Graphs: Time Series Plots of Daily $A Exchange Rate Changes
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Tables

Table 1:
Statistical Properties of the Daily Exchange Rate Changes
USD DM 1Y | Be | s
Summary Statistics
Mean -0.0093 -0.0414 -0.0441 -0.0203 -(1.0357
Variaonce 04718 0.93%5 0.7051 0.8731 0.9636
Skewness -0.5878 -(L2005 -0.5773 -0.0135 031007
Excess Kurtosis 72282 312135 39371 35183 24113
Minumum ~5.3263 -4.6837 -4.6534 -4.5931 -5.2414
Maximuom 49558 33227 4 1460 5.7102 4.9997
Test of iid ™'
245y 13(45) 63.4394 ° 600739 * 54.9840 50.1767 62.3045 "
10.03062} 10.06574 10,1463} {0.2757! 10.0446¢
Q45K 7143) 8448672 % | 2784618 "1 | 300.1300 77 [ 4937376 ** | 3557298 ™7
£3.00001 10,0000} 10,0000} 10.0000} 10,0000
Oik=44) 1 x'43) || 1430516 7 | 5525710 558828 F 41,9423 61.6240 "
10.0000} 100996 1008991 5171 10.0325)
Unut Root Tcst‘m
ADF -43.7042 ** 435744 % -43.3676 ™ -43.8067 ** -43.5609 ™
Lag 1t 0 0 0 [t}
PP Zt) -43.7016 ** -44.6279 "% | -32.0490 *° -43 8520 ™ 436174

Notes: The changes in daily exchange rates arc defined as AS, = (InS, -In§, ) - 100

(a} Q(45} is the Box-Ljung test statistic for serial commelation up to 43th order for exchange rate changes.
(2(43) is the Box-Ljung test siahistic for squared exchange rate changes.
Qi k=44) is for testing the eguality of distributions of exchange rate changes,

(b} ADF denotes Augmented Dicky-Fuller test, and P-P Zit} denotes Phillips-Perron Z test for unit root.

t means significance at the 10% level
* means significance at the 5% level
** means significance at the 1% fevel
Numbers in {..}'s are asymptotic p-values,
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Table 2:

Tests of Equality of Distribution of Daily Exchange Rate Changes Across a Week

30

Table 3-a: USD

UsSD DM JY BP SF
Monday vs. Tuesday 37.28371 t 31.9524 28.21693 1997892 21.07994
10.0704} 10,1947 £0.34794 10,7926} {0.7378}
Monday vs. Wednesday 22.50739 373810 1 | 21.15344 2534487 26.58201
10,6606 10.0690} 16,7340} 10,4883} 10.4315}
Monday vs. Thursday 28.50916 32,5026 1995238 2361903 2818482
10,3339} (0.1770} 10,7938} 10.5977} 50,3484}
Monday vs. Friday 43.14990 * 34508 2966667 27.90169 24 08358
10.0186} 10.24901 102817} 10.3633} 10.5199}
Tuesday vs. Wednesday 5481348 77 [ 28.5661 1878836 2040182 36.80952
1 0.0008 } 10.3312} {0.8452 1 10.7721} {00778}
Tuesday vs. Thursday SRBSRI T 21.074] 1967725 21.72528 27.57072
10,0002} 0.7381) 10.8066} 10,7036} 10,3799}
Tuesday vs, Friday 27.60837 16,9338 30.32804 32.33968 19.2184
{03780 1081054 10.25421 101821} 108271
Wednesday vs. Thursday 24.01734 33.6687 17.8232 220058 26 2963
10.5750} 101436} 108821 10,6881} 10,4469
Wednesday vs. Friday 3T 33,5979 31.0760% 31.24078 18.28042
102008} 101455} 10.2254) 10,2194} 10.8653}
Thursday vs. Friday 40.85185 * 182963 31286773 3131486 2228042
10,0321} 108647 1016604 102168} 106733}

Notes:

The pairwise test of equality of distribution of changes across a weck is the test of equality of twe

muitinomial distributions. There are 391 observations in each weekday group, and so the lest
statzstic is distributed as ¥ qy. where k = (391 2)' 2.

Asymptotic p-values arein |}

'8

Model 1 Mode] 2 Model 3 Model 4 Model 5 f Model 6
Coeff SE | Coeff SE | Coeff SE | Coeff SE | Cocff SE | Coell SE.

[ 00627 T (00355 00391 U0BS0N 0.0427 (00367 00347 (00366) 00435 (MU36T] LI3ER  (00%6n

Cron 00238 (00318 00314 (00315) 00257 (00314 D308 0031 00262 (519

R Q0387 (00322 00393 0320 00377 o] 00302 o3| 0ol (043200

UyED 037 12| 0075 308 00707 ° o3| 007 T ok 00717 (w030s)

LI Q0038 (03| 00016 (O0F-0N0 00306 0605 (0307 00011 (0.0306)

Clon 00199 (005300 00272 (0058) 00225 Q0530)| DO274 (0.0528) 0.0222  (0.0530)

i 01017 00900006 ™ Oens| -0e101 ™ wone)| 00006 ™ ©.0015)

U 06198 (02591 07661 T 023720 062027 w2se)| 0760 T (02382

Geop U147 0070 00396 (00932 014947 W07 01369 (00833

THEAT 0135 (09T 00100 00206 00128 (0.0385)] 00103 {0.0206)

gt 0039 00380) 0T 003SH 060 o3| SbomR (00357

oy HR0386  (CORISH 00653 (016N 0760 BOK0RI L0589 00600 00761 (00607)| -0.0634  (0.0603)

Be L1284 (004965 0.2741 1 0T TH{ 3518 T 200 00058 1 (0210 061747 (0.1259) 05720 (0,127

By 00479 ¢ (0023900477 * 00241 0T H (00250 00458 T 00255) 028547 (90565 0,203 ™ (0.0570)

B 03093 = (0.0436)) 03150 ™ (0.031)] 13328 (OE57)] 13332 ™ {0.0462)

pﬂ L6655 RIS 06805 ** (LKD)

05224 ™ (T 09228 ™ {00178 D80R0 ™ O] 69122 % Gu19n)| 09081 ™ 00189 0.909%6 * (0.0195

h

036207 (s 037as T wassy| 03ssa T wsTh| 0375 T wasss] 0357 T

A

P 01916 (015M 02110 ST 01973 (19N 02114 15| 01945 (01593
WED 00147 (1532 QORI (UISITI D06TH (15| 006E3 {1536 0.0669 (015440

B

: DOS3G (063 L1M7 07| 00085 (0175 0135] (0176 00107 (00798
{5}

By 00374 (G2 00T 0I3HE)] 0038 (01356) 0706 (11MA) 00424 (0L1368)
. om22 " o 02652t som) ;22 ™ o) 060 T 0I5I0)
AT {

3 LIgse " e 0608 T 19| 11880 (05676)| 046827 (0D.2200)

B

P IS0 02550 00185 02159 D156 (0.2560) 0.1289 (0.2175)

PBowmp 00596 (DOA73 00448 (C1395)] 00597 (O0ReR| 00406 (01502
3 00613 (010300263 (L1753 00621 (0I0E)] 0263 (01764
RET \

CO066 " (D006 00062 T 100026 000K T (000290 0.0065 T (K29)) 0.00KS T 02N 60087 T (0.0029)

Br

d 37500 " (Lll‘)&b}! 37667 7 (04007 32861 T 04100 38020 7 0.3900) 38467 w4on| 3En02 Y 03ven

R 4 4 4 4 4 3

InL -574.5 S56R.0 5445 5510 SRS 5501

Notes: d is the estimated degrees of freedum paramelter of the t distribution for the standardised residuals.

R is the number of lags of exchange rate changes found to be significant in the conditional mean cquation

IaL 15 log likeiibood.

Modcel 1. Conditional Mean and Conditional Vanance Equations

R
AS =a, “HIhE‘L ZakASl_k +E,
k=1
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Model 2: Conditional Mean and Conditmnal Variance Equations
Ty

AS =, + th Dn"“lh\/_ ZakAS ke

i=mMun

S B D”+5L,jﬁ_+5, (‘!}3'_“ E)+Bhl11hl_|+ﬁrr‘
ll

i=wuon

Inh, =8.+p

Inh, =0+

Model 3. 4. 5 and 6: Conditional Mcan Equatien

AS, =a, + Z oD, + Za |NEWSJL‘+ahJ_+ZA5[ L e

i=won j=tan

Mode! 3;: Conditional Variance Equation
IF o]

Inh, =f, + Z B.D + Zp |Nrwsj,\+[ﬁc,\/_+w[3 [F_

= M0 jotan

]'*'Bh ]nh(—\ +ﬁrr:

Medel 4: Cenditional Variance Equatien

£ e
D, + NEWSDUM ., + B, L=l +B"2t
Z B 1 ZE’ it alm

i= Moy j=ca

Inh, =f.+
o1

SINE +Py, Ink
- ; h nll—]+ﬁrrl

Model 5: Conditional Variance Equanon

Inh, =f.+ Z BiDi.+ ZB |NEWSJ|{+[}L|F+BE1‘J_I‘S +Ppinh_ +Bor

I=MON J=CaD

Maodel 6; Conditional Variance Equation

Inh, =B+ Z B0+ ZB NEWSDUM +B£]J_m+[5dﬁs B, Inh,_ +B.r

PN JEuan

Table 3-b: UUSD Miagnostics

Model | | Model2 | Model3 | Model4 [ Models | Model 6
Summary Statistics on Z;
Mean -0.0455 | 0.0426 00456 | 00449 | -0.0451 | 0.0442
Varlance 39195 09213 0.4392 0.9321 0.9391 0.9326
Skewness -0.4987 04511 {5335 04673 -0.534] -0.4695
Excess Kurtosis X 2325 3.2608 3.7296 3.8251 3.7294 3.8658
Tests for iid of Zl(a)
Q{45) : )(_2[45] 43.0223 42 4027 42,1390 42.9682 42,1651 431914
10.35611 10.5826} 10.5939} 10,5584 10,5927} 103488}
/(45 1 (45) 940859 "1 910678 7| 1005051 7| 933376 " | 1003971 | 941049
(Full Siunplc) 10.0000} 10.00014 100000} 10,0000} 10,0000} 10.0000)
QH4sY: % (45) 580396 T | 569418 | 553088 | 540604 | 552495 | 54.1944
(Wzrh an outlier omitted) 10.09154 010924 10.1395! 101668} 10.1408} 1016374
Qk=44): ¥ (43) 6494297 | 840982 77| 639034 T | 603098 T | 605034 7 | 63.1034 "
{0.0169]  150.0002% | 10.0209) | {04161 | 10.0333) | (002451
Engel and Ng Sign Bias Tests™
Sign Bias 1.0853 0.8265 04762 0.5670 0.4442 0.4463
1027791 | 104086 |10.6340; | l0.5708) | !0.6570) | 10.6554!
Negative Sign Bias 13813 [ -1.4547 | 07952 | 09775 | -07945 | -0.9021
1016735 L0145 [104200) [ 1032841 | 1042701 | 103671}
Positive Sign Bias -1.6438 -1.6039 1678 T 16429 derizt 6825t
1010040 [0.08%0  [10.0935) [ i00006) | 1009291 | (0.0986}
Joinl Test: (3} 3.6450 40199 15361 3.5260 36147 3.6812
(0.1185) | 40.25930 | 031613 | 03174y | 10,3062} | 10.2950)
Test for Unit Root in the Conditional Vananee, Hy: vy = #
(1) 193340 7| 192760 77| 237032 7| 200688 7| 236148 77| 2157537
10.00000 | 1000000 | (0.0000; | {0.0000F | (000001 | 10.0000}
Joint Tests of Significance™™
Hy:m, =90, 76277 8.0271 72823 80151 74432
foralli, x%3) 0.1780 0.1547 0.2005 0.1554 0.1897
Hy: mj=0, 37.8909 7| 53,8493 77| 179495 77| s36700 ™
forall j, x(5) 0.0000 0.0000 0.0000 0.0000
Hym,=m, =9, 484026 7| 638532 77| 484409 7| 637449
foralliand j, x’(10) 0.0000 0.0000 0.0000 0.0000
1 vi=0 6.0990 6.0727 58522 6.0690 5.7989
for all i, %*(3) 0.2967 0.2992 0.320% 0.2996 0.3263
Hg: v, =0, 137795 7| 102761 T | 13.7873 7 | 104354 T
for all j, %%(5) 0.0171 0.0678 0.0170 0.0638
Hy: v, =v, =0, 193768 ' | 164019 | 19.3842 164767 1
for all i and j, ¥°(10) 0.0357 0.0887 0.0356 0.0868
Hymi=m=v,=v=0, 624738 7| 776126 %] 624764 ") 775734 %
forall i and j, %7(20) 0.0000 0.0000 0.0000 0.0000




Notes:
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(a) ((43) is the Box-Ljung test statistic for serial correlarion upto 43th order for z;,.
(3%(45) is the Box-Ljung test statistic for z,* with full sample. and with an outlier omitted.
()(k=44) is for testing the equality of distributions of z,.

(b) Sign bias test is the t-test of the slope coefficient of the regression of 77 on g7

Negative sign bias is the t-test of the slope coefficient of the regression of z* on 5 &,

Positive sign bias is the -1est of the slope coefficient of the regression of 27 on g; 2,

Joint test is the LM test of joint significance of all three regressors,

(¢} mis and vi’s are the coefficients for the five scasonal dummics and m;"s and v"s are the
coefficicnts for the five news variables in the conditional mean and variance equalions.respeclively.
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Table 4-b: DM Diagnostics

Model | | Model2 | Model 3 | Model 4 | Model 5 | Model 6
Sumrnary Statistics on 7y
Mean 0007 | 00289 | 00268 00205 | -0.028 0.0288
Variance 0.9909 0.9901 09932 0.9904 0.9932 09904
Skewness 02187 | 02173 -0.1962 02460 | -0.1962 -0.2458
Uxcess Kurtosis 2.5794 23260 23971 22938 2.3970 27872
Tesis for sid of 7™
Q435): o '(45) 489028 | 489332 | 512881 | 513174 | 51288 51.6239
1031923 103174 | 102408; | (023990 | 024081 | 102308
QU(45): x(45) 469537 | S03335 | 503670 | 537059 | 503620 | s2.6001
10.3924) | 102706y | (026958 | 017520 | 026960 | 10.2034)
Q'(k=44): ¥'(43) 561171 T | 469036 | 498342 | 367450 | 49.8342 176185
1008651 | 103135y | 1022000 | jo737er | wzao0r | o032
Engel and Ng Sizm Bias Tests™
Sign Bias 07335 0.7573 05669 0.7275 0.5667 0.6615
104633} | 10.4489; | 10,5708 | 1046707 | 10.57100 | 10,5084}
Negative Sign Bias 223427 | 225367 | 18870 F | 21007 7| -rgssol | 20193 "
{00256} | 1002431 | 005931 | 100286} | 100595 | 10,0436}
Positive Sign Rias 01759 | 02218 | 01322 01687 | 01326 0.2414
1086047 | 10.8246] | 0we48: | 08653 | joseast | os09n;
Joirn Test: 1°(3) 5.6520 36964 11188 5.433% 41147 4.5854
10012080 1012741 | fo2amer | joa4273 | 004931 | 0204w

Test for Unit Root in the Conditi

onal Variance, Hy: vy, = 1

(L) 17.6616 | 201621 227947 7| 220633 7| 227933 220134
100000¢ [ 1o0000r | 000000 | s0.0000; | t0.0000; | 10.0000)
Joint Tests ofSigniﬁcancccc)
Hy: i, =0, 7.7604 72276 7.5380 7.2263 7.4403
for all i, ¥(5) 01699 02043 0.1836 02043 01899
Hym, =0, 230284 ™) 35012970 230130 7| 350151
forall j, %%(3) 0.0003 (0000 0.0003 0.0000
Hym,=m, =0, 318844 "7 448370 ™) 318684 77| 446034
forall iandj, ¥'(10) 0.0004 00000 0.0004 0.0000
Hy: v, =0, 106574 T | 125283 " | 125781 " | 1250057 | 128702
forall L, ¥’(5) 0.0586 0.0282 06277 0.0282 0.0246
Hy: v =0, 52597 1.8995 5.2600 2.0620
forallj, ¥*(5) 0.3850 0.8629 0.3850 08405
Hy vi=v=0, 1696477 | 140807 | 1696627 | 145433
for all f and §, 410) 00751 0.1693 0.0751 0.1496
Hym,=m;=v,=v,=0, 512505 7} 626968 7| s12322 77 630764
for all i and }, %7(20) 00001 0.0000 0.0001 00000

Table 4-a: DM
Modei | Mudel 2 Model 3 Model 4 Model 5 Model 6
Coell S.E. | Coeff S.E. | Coefl S.E. | Coefl §.E | Coeff SE Cocff S.E.
o 00571 100797} 00351 (008491 GOADS  ((n0%35) 00522 (mok3N] Doeds  (OORISI] G.03A2 (.0R3T
o 00074 00370) wonen  mosTn| 00028 DOSTTY D00 DOETH] DON4S 0057
aiLE 0600 (00843 00616 oS3 0024 0nsanl 00ele (003393 00628 (00342)
[R5 0.078l (N4 00710 100544]] 0.0714 00543y 0070 (00544 00719 00542
feam 00128 (0SI0N 0.0003  (0.0S2%] 00140 (e0sI 00003 (0.05I9| 00140 (00sin
Gien 00972 (00360897 01040 00957 0103 0 DRST 40 1049)] BORRE 401050
- we0s ™ el -ootar T ooz 00005 T wopzsy 00101 7 00022
om 10288 " oankeil 11t T ooz 1a2s0 T qoa0sry 11732 T (04013
Cleipp 009ts (00665 0ABI6 (D192 00916 (01A631] 01007 401974}
e 00902 (0.08%6)]-0.0806 T 0 035K)[ 00903 (00R58)| 00827 T (00350
foTm D] 1008313 -0 0036 (DOROT| -0.0040 {0083V -0.002% (L0795}
oy aote  n091d] 00559 0080500579 (0.0896)|-D0SI4 (DOBYI 00879 (0 0KSe)| 00611 DORIG
Be T0I89 (O029R} 01390 (0.1059| D 1EOR 0 10K L7364 (0 10%R| 01373 (10 00006 (0002
]3}_} 03l 00214300351 {00222y 410339 02| 0SS ([0 02770 % (00478 D.2775 0.0496)
B 0.2825 ' (0.0370)] 02007 ** (D03BS)] 03108 (DO3WEY 13021 T 1H.0393)
Bz_.‘ 06218 (0.0791)] 06329 77 (DORIY
81y 09096 T (0.02t5)]| 0.9026 % (M0217) 08879 ' (0.0235)] 0¥wa3 T (0.0225)) (8578 M (0.0235) 0.8843 7 (001D
B 00042 007 oozss  aTa| ooisr a0 pory  eaTeh| 00338 (0172
Brur 42501 Y 1305y 02638 T @S| 02630 os2g] 026381 (01510 02665 " (0.1524)
Pwen 01954 (D.1460)] 02054 (0 raeT)l 02207 (0.1475) 02053 (01467 N20I8 (G147
Bruv oassy  olrom|-01a78  0072m|-00858 (00732 00877 (LITIT| 00484 10.1735)
Buat 02973 0 (00258) 003386 T 40 1325) 03294 % 00205 033867 (00325 034307 (035D
Bean 00063 (00043) 00251 (0.1460)| ND0AS  (0.0043) 0.03BT (01483
Bem 03071 (0.6224) 04260 102229 03075 (De226)] 0216 (0.229%)
Bone 00137 0.2439)] 02383 (0.2086) 0039 (02480)] 0.2591 (02164
B 001727 (0.0662)| 00805 (0141d| 01173 T (DReR2) B OTRS (01439
Brer 00254 (0103100259 (D16eT)| 00253 (00031 00294 (0.1708)
Bl’ 0622 {00021 4] -006025 (00023300015 (00263 -0.0029 (024 00015 0002603 0003 10026y
d 52522 (0 R479)| $ 5336 7 (0703 Se001 T 025 55338 %0 il se0e3 T oqoTasy 5497 T T
R ] Pl 9 4 k¢l bl
LnL |-14592 -1448.7 14162 14384 -1436.2 14384

Notes: Sce the notes for Table 3-a

Notes: {a}. (b)and (c): See the notes for Tuble 3-b.
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Table 5-b: JY Diagnostics

Model | | Muodel 2 | Model 3

Maodel 4

Model 5 | Model 6

Sumnmary Staristics on Z,

35
Table 5-a: 1Y
Model ! Model 2 ] Modei 3 Veodel 4 Model 5 Medel 6
Cocff S.E. | Coeff SE | Coeff S.E. | Cocff S.E | Coeff SE. | Coeff S.E
U 00689 (0.0398)] 00753 (0O668)[ 0.0878  (0.066M 0.0856  (0.0662)] 00911 (006631 0.0875  (0.0663
[FIVIRN A0T12 04T 000234 (0047000057 00470 00033 [0.0473] 00060 (00472
“rug ONIT  (UE56I[ 0.0498 (004500 0.0483  10.0458)) 00502 (004561 -0.0490 (00457
Awen 00244 (00440 DOIT6 00447y 0.01RT 004 00166 (00N 00181 (0014%
S 00299 (004am)| 00282 (00435 H0T84 (003471 00291 40.04361] D.02TI (0.0447
L] 00363 (00828)| 00706 (0.0835]) UQTUT  (0DOK3Z)| DOTR2 00845 0.0762 (G 0%4M
I, oo™ w0023y 00072 7 oneie| o075 T oo 000727 00019
i) ! 10400 ™ 1038039] 1 1430 7 @3an! 102227 waeisy] 183" (03037
uene i D185 (010583 D431 (DU20R) DA D IN9E) DIAS (01224
o] 2Mp 40345 (0060600366 (004400 D039 (ROGIEI] 00347 (0.0422
oREr D02I0 (00506)| D023 OOSID| 0218 ORI L0232 (UOSTS
o 0089 (D081 -0.0806  (0.0BZ0) 01001 (D.OEOH[-0.0083 (008100 01040 (00813 01004 (0OR1Y
Be 00784t (004223 00529 (LILO0Y 00758 (02700528 DN 04131 (0 ESH| 0378277 (1)
B} 00724 = (0.0240)| 00765 ** (QOZ5H] 0086 ¥ (0 0268) -0 0TS < (00265 03197 7 DOSRNY| 03078 " (D.05RK
B 0.3342 7 {0.04220] 03640 % (0.0446)| 01810 % (0.0467)| (L3757 > (0.0466)
B, 08012 %% [0.0952)) 817706 7 (0.0956)
By 08832 (0 0236)] 0.8627 ™ (0.0261)] 0.8489 " (002751 08562 *F 0 0268)| ORIIE T (0.0207) D.&464 T (U O28T)
[_',um 00660 (016871 0.0504 (01687 0 G438 {n 1684y 00872 (01677 O 0500 {0.1688)
Py 02080 (01475)|-0.2234 0 WIT| 02107 (0.14R2)] 02301 400465y 02246 D447
Pwio 00762 (0 147T| 01285 047801305 (01981 00263 (014661 01372 (111472
Brmi 0030 IR 00136 AT 00150 (01717 00068 (00| 0005 mano
Brion 03387 ° (01327 03899 (01578 037177 400D 042t 00635 03857 (01595
Bean gouse  [e0048) 0026 (01545 00058 0004w| 00281 (01569
Benl 1106a (0. 74B 03388 (0.2%ei| Lta12 0TTeN| 03360 (02319
Pooe 00097 sl 02537 25| 0ea20 29| 02062 (0.2350)
Bugrp 00166 (OUR09)] 00259 (0 1340)) D013 0084 00196 (01567
BRI'T £.0446 ) 106K 1043 (017103 00355 (010943 -0.088! (0.1738)
Br 00031 (OO0 00035 (030 ON04e (10034 00036 ) (0032 D005 . [0.00361 0.0039 . (U.()O}f)
d 40240 7 (aTie)| 50900 7 (0052 SULES Y 0. 70ae| Sa814 7T (07396 5143177 07080 52006 7 {07445}
R q 4 1} 0 0 0
lnL |[-11007 11058 1092.0 1927 10920 1oyt

Notes: See the notes for Table 3-a.

Mean 00442 | -0.0451 -0.0466 -0.0461 0.0464 -0.0458
Variance 0.9613 09670 0.9704 0.9693 0.9716 0.9701
Skewness -0.4588 -(L4811 -0.5168 -0.5043 -0.5192 -0.3036
[xcess Kurtosis 1.63R8 1.6455 1.749%4 1.3777 1.3717 1.3936
Tests for id of Zim
CX45): % (45) 171387 | 173447 | 38.0686 383156 | 377917 3R 1588
079131 1077721 | (075823 | 074910 [ 1076831 | 10.7549)
Of14%): y145) 423286 | 456394 | 474271 W5 | 479459 48,6043
(038381 {04454 [ 103739% | (035050 | 1035427 | 10.3209)
Qllk=44): '(43) 426785 | 505994 | ed6040 " | 575206 7| 6251717 | 47.3933
04851y [i0u986; {0011 | jo00e830 | i00z74r | 0.2981)
Engel and Ng Sign Bias Tests”
Sigm Bias 230537 | 2227971 tss3: T 2o2er P a1 1.0005
1002131 | 10.0260F | 10.06407 | 004207 LioogIgr | 10,0575
Negative Sign Bias 18192 T | -ps02s -1.3258 -1.5573 -10823 -1.3702
1006900 | 00114 | 0 1851y | §00196) [ 1027931 | (0.1708)
Positive Sign Bias SL0IB0 | -1.0418 -1 6191 -1.0499 -1.0391 -1.0602
1030880 [ 10.2976) | 1030837 | 020391 | 0,208 10,2402}
Joint Test: x7(3) 58216 51773 35289 43410 30381 37168
10.1206) | 100593} | 031700 | 022697 | 403838} 1 {0.2937:
Test for Unit Root in the Conditional Variance, Hy: vy, = 1
PRes 244472 7| 270465 7| 300613 7| 29.2345 71 314116 | 29.3060
{0.0000} | 10.0000; | 400000 | t0.0000) | ooooo; | 00000
Joint Tests of Significance’’
Hym; =0, 13633 11812 3.0453 12758 3.1615
forali i, ¥%5) 0.6439 0.6721 06930 06576 0.6751
Hym, =0, 208987 "] 312859 ™'{ 202933 | 3130907
forallj, ¥(5) 0.0008 0.0000 0.0011 06.0000
Wy, = =0, 240810 343735777 236427 77 3452407
for all i and j, ¥'(10) 00071 0.0002 01086 0.0002
Hy v, =0, 77187 sre98 T | 95289t | 1031897 9.8755 T
for all i, ¥%5) 0.1724 0.0814 0.0897 0.0667 0.0788
Hy: v, = 0, 37104 3.7607 37427 3.6964
tor all . ¥%(5) 0.391% 0.5%44 0.5870 0.5939
Hy v, =v, =0, 12,5770 13.0329 13.0822 13,3000
for all i and j. ¥’(10) 02483 0.2218 02191 0.2074
Hy m, = m=v=v,=0, 351890 7 | 467495 7| 352859 " | 47.2833 %7
forall i and j, ¥(20) 0.0191 0.0006 00186 0.0003

Notes: (a). (b) and (¢} See the notes tor Table 3-b.
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Table 6-b: BP Diagnostics

Model | | Model2 | Model 3

Table 6-a: BP
Mode) 1 Model 2 Meodel 3 Model 4 Model 5 Maodel b
Coeff S.E. | Coeff S.E. | Coeff S.E. | Coeffl S.E. | Coeff S.E. | Coeff S.E.
[ 0058 (00700 00147 (00758 00261  (U.0755)] 00057  (0.0740)[ 00262 (0075%)] 00072 {0.0744)
ANON Q0064 10.05260) 00053 (0.0525) 00025 0052 00054 00529 00005 (00522
eqE 02267 (0051400160 T @031 -00251 7 (DOStR[ 0061 T (OS] 012275 0812y
i WO00IT  (00SIZ-06029 (0050900090 (003123 00028 (00509 -0.0080  (0.0511)
G 00307 osenf-00292  wosenl01s (00504] 00291 (D003 -0.0270 (0503
THol OBS1 (U0BeH)| 0080 (0HETEY-DOBSE  (DORFON 00838 (D.OBTRY| -0.0862  JD.ORTZY
aan otoe ™ woozs oo meozn| noe ™ woozsy| oo ™ o0
el 00046 7 1035321 0R6ve T (03510) 09048 T (03532 08va8 T (0.353K)
oGpp GOISE (D531} 00342 (0ASS6)| 00387 (01530)] 00298 (01632
O EMP 00676 (00936 O0KTI (005G 00676 (0.0956) 00660 (00497}
ReT C0M20 (00T 08107 00TR) L0120 00718 00120 (0743}
up 00179 (00836 0.0267 (BRI C.O088  (00SLH)| 00377 (079K 0.0087 10081 00346 (DOH0D
Be 0.0257 (00189 00710 (o.08RH)] 00452 (01032 0061t 10 098R)| 0US53 (01067 01190 (D ID3dy
Bt 0102 (QOIB-06210 (00184 00228 (00208)[ 00240 (00186 D.22BS * (0.0422) D.2058 * 100399
B 02142+ 003 13| 02000 ™ (003023 02508 7 (O03S0) 02105+ (00308
By 05026 7 (0.0701)] 03599 7 (0 066()
Ph GOSS2 ™ (0.0129)] 09567 ™ (00126)] 09362 " (UBI6S)] (9543 1 (00127 09359 7T ({66 0.9465 77 0.0143)
s 00020 (0.1693)] 00 JOLT3RY 00315 (0167w 00245 (eATIN| 0.029% 101705
Brue 00639 (01812) 00664 (0E52T) 00423 (01525 00664 (01527 00S (01528
Pwen 01735 (L 1459)] -01931 (4R 0IRIR (0 146TH 01932 (L1487 00T (01476}
Pras 00082 (0063 00143 {0.1686)] 00033t G014 (16RT) 0.0066  (0.1669)
Bk Cru1 Y 01088 0.2352 7 0 124%] 02267 1 (0.002)] 02456 7 (01234 023557 (0.1163)
Bean 00062 (DO042)f DOTE] (OI3TH| 00063 (0.0042)] 0.08R3  (0.1396)
Beei 02004 (Osdlh] 00795 0183T] 02920  (s421 0960 (0.1906)
Beoe 0.0233  02230] 01513 (04RID] 00247 (0.2242) 01857 (018B4
Buene G034 (O0STEY 02500 T q01dee| 00736 (0.0576) 025427 (0.1423)
Bres 04061 0aBIHL 0012 [0 I8 00060 (0.0953) 00251 (01482)
Por 00016 (000D 0007 0B 00013 (0LIR)]-0001F 001D 003 (©DEI8Y 0.0021 . {00016}
d 47014 % (05749] 47321 (0,567 4 7961 % 0721 48324 T (05790 47960 7T (09725 48Me T (05826)
R 0 0 o 0 0 o
Lol §f-13587 -1350.8 1339.3 13387 -1339.3 13387

Notes: See the notes for Tabie 3-a.

Model 4 Model 5 Model 6
Summary Statistics on 7,
Mean 0.023] -0.0279 00273 -0.0288 00273 -0.0296
Varnance 0.974% 0.9748 0.9784 0.9804 0.9784 0.9795
Skewness -0.1455 -0.1458 20,1541 02132 -0.1542 0.2162
Excess Kurtosis 23836 25171 25422 2.5%64 25412 2.5562
Tests for iid of Z[m
Q(43) : 1 '(45) 200696 | 292963 | 320343 | 307817 | 320533 21,5236
1096850 {£00662! 1309270 | 109476} |:092661 | 10.9359)
Q45 ¥2145) 650335 " ¢ 69.6452 7 | 6431257 | 626440 7 | 6424037 | so.5797 1
{Full Sample) 1001491 1001077 [i00308)  |ioodrey | 003120 | 0.0714
QA5 (45} 516393 | 302762 | 498297 | 444589 | 498169 | 439700
(With an outlier omitted) [ 1023041 [ 1027241 1102872} | 104948 | {6.2876) | 105155!
Q' (k=44): %343 460577 | 348127 | 400180 | 494233 | 427828 | 43.6842
10.34690 [ :0.808%6) | t06014) [ 1023210 | 1048061 | {04423
Engel and Ng Sign Bius Tests™
Sign Bias -0.0534 1.0831 1.0994 0.7768 1.0992 08611
1095741 1027890 (1027178 1 104374) [ 1027181 | 103893
Negative Sign Bias 24726 7| -26255 77| -i861L T | 2220987 | cvssT | 208647
1001350 | 00087} | 100629y 100220t | 00636 | (00371
Positive Sign Bias 0.7936 07718 0.5730 0.7641 0.5699 0.6015
10.42751 | 1044031 1056608 [ 104349 [ 105688 | {0.5476!
Joint Test: °(3) 106373 " | 100586 " | 5.6984 796497 | 56621 63915 T
1001390 (100173 (3012723 | 100467} | 1012931 | 10.0941)
Test for Unit Root in the Conditional Variance, Hy: vy, = 1
Fae! 120776 7| 108756 7| 149572 7| 127482 77| 140871 7| 139560 7
2000058 |ipoooer  [loooory  [toooos; | ioocoy | o000z
Joint Tests of Signiﬁcauccicl
Hem, =9, 90583 [ o186 T | 1on0s0 T | oart1 T 9o2i2f
for alli, ¥°(5) 0.0764 0.0935 0.0726 00937 0.0775
Hym, =0, 263320 77| 346716 77| 263362 77| 349955 "
for all 3, x%5) ©.0001 0.0000 0.0001 0.0000
Hp:m,=m,=0, 352330 "7} 442603 77| 352298 77| 442935 ™
for all i and j, *(10Y 0.0001 0.0000 0.0001 6.0000
Hy: v, =0, 50117 6.5382 6.5990 6.5440 6.6767
forall i. ¥'(5) 0.4145 0.2573 0.2522 0.2568 02458
Hyov, =9, 4.4269 44196 4.4347 45758
forall j, %% 0.4597 0.4%14 0.4887 0.469%
Ho v =v, =0, 10.2136 10.3557 102249 10,5602
for all i and j. ¥*(10) 0.4220 0.4099 04210 0.3928
Hypm, =m =vi=v,=0, 436278 7| 547403 | 430204 77| sagm70 7
for all i and j, ¥*(20) 0.0317 0.0000 0.0017 0.0G00

Notes: (a). (b) and (c}: Sce the notes for Tabie 3-b.




39

Table 7-a; ST
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Table 7-b: SF Diagnostics

Model 1 | Madel2 ! Model 3

Medcel 1 Model 2 Muode! 3 Model 4 Model 5 Mode! 6

Cocff S.E | Coctf SE | Coeff SE. | Coeff SE. | Coeff SE. | Coeff S.E.
o 00560 (0.0942)] 0.0516  (G09%R)] 0065 (00960 G.0262 (009701 00568 (0.0960) 00330 T (009701
o 00060 (D06UN[-00045 (00605 -0.0090  [0.0606] 00043 (D0605)| 0.0070  {0.0606)
oyE 0064 (DOSEH} 0074 (0.05821)0.0726 (DAY G.0TST (L0S8T| 0.0720 (0.0579)
OwED GO465 0091 D03 059D 00TI2 W0k 603 onsen] 003 posEs
oy OR0S2 (O0SHE] 00156 (00561 00082 (0.05631]-0.0150 (00561} V0083 (0.0563)
Qhol 00024 IO -0 003 I 00027 (010559] 01099 (01048 0.1025  (0.10%6
oo 00116 ™ woornl oo ™ womn] vone ™ onn| oo T o022
el vigs7”naniml 1ear ™ 0 azen| 1k T wasan| 126527 easen
acop 00101 (0.1770] 00206 (0.2168)) 00096 (OUTTH] 0BIIZ 02188
ke 00488 (012200586 0039 004T1 (D 1235)] BOSRT 100393
) y3aE O Ioen| 0004 osex)| 00338 (L1062 H0062 (0087
ap 0064 (01049 00408 (003500502 100N 00182 0 Hnn|A0s0T  (0I008)] 00178 (01814
Be COITT (00IRS] 01818 T o] 01447 T naoom| 06815 asas] oones  waeom| woies o wdn
B 00373 F (O0168)] -0.0446 * (0.0188)[ -0.0459 % (00182100538 T (0.0214) 01479 (0.040N 01869 = (00473
le DARTE ™ (00310 02153 ™ {0,037 O 1919 % ([(0325)) 0.2191 ** (03RO}
P A03RER 7 (0.06551] -0.4814 7 10.0T62)
Bh 09485 (DOISN)] 09300 ™ (ROITRH O9ISE ™ (U0ISTY] 00109 % [0.02109 0.9350 ™ 1001581 (G 00% T 00211}
Boen 00470 (01665 00428 eI 03RS (019D 00416 (D650 00377 01090
Broy 033537 0039[ 035387 (0048 03656 7 0168 033217 (0 1449)] 036677 (0.1468)
Busn 0818 0 IR]-01513 0 am| 00565 (0 aah 00810 a3y 00se (00
P 02090 (01602 02876 T (01606002013 T (0.1649)] 02870 T (00609 025127 (0.1649)
Bual 02305 % (0080 0.2681 7 (01049 03163 7 (011864 02708 ™7 (01055 0318077 (01189
Bran nen3s  mon3Tl-0nIez o e2)| G003 (0JH3R)| 0.0391 (01363
Bom GI05 (SINTY) 01062 (020451 DAYTL B SIASY] 0 108e (0 2050
[ D019 (2028 03172 (E19TH]-0.0088  (02034)] 03186 (01984
Burwe 01286 (00569 0 1056 (0.1335)] 01285 T (00§73 01045 01337
Bac) 01236 (CO90K 00917 (D1S08)] 01240 (MONID| 00010 01512
B 00014 (000100018 001&[ 00001 (0.0015]-00021 Q001900001 (0016} 0.0022 . [0.00191
d £8199 % (Lo4an| 70399 7 (rantd| 700k T rnaoom| 70855 7 naaam| 72050 T (Laven| 7181977 (12344
R t] 0 4 0 ] a 0
Ink |-15008 15218 -1306.6 -1509.8 -1506.6 -1509.8

Notes: Sce the notes for Table 3-a.

Model4 | Model 5 | Model 6
Summary Statistics on Z,
Mean 00337 [ 00332 | 00307 00318 | 0.0308 06322
Variance 0.9938 0.9939 09968 09939 9969 0.9938
Skewness 04103 | 03744 03733 03740 | -0.3736 -0.3740
Lxcess Kurtosis 1.4990 1.2507 1.3627 1.2428 13618 1.2431
Tests for fid of 2™
Q(45) ¥ (45 424192 | 437442 | 464094 | 49.1494 | 464795 | 492159
058191 105252 | w4d0r | 031050 [oduzr | os0s
O(45): 17(45) 559883 1 613571 | 394008 T | e21806 | 5931307 | e22240”
02813 | 100827y [ 100735 | 100455 | 10077 1 100452
tk=44): ¢'(43) 537571 | 394625 | 418727 | 4z93s2 | 403075 41,5439
1012597 | {06384 | qo52007 [ toarary [ qosssry | j0.534s)
Fngel and Ng Sign Bias Testy!™
Sigm Bias 25006 | 243007 | 21983 % | 219207 | 217397 | 24684 "
1001200 | 1001481 | 1002807 | [C02850 [ {00298} | 10.0302)
Negative Sign Bias 33705 77| 230872 77| 29338 77| c2sym2 | 20088 7| 25693 "
100008} 1000200 | 100034 | 000971 [ {0.0037F | 00103
Positive Sign Bias -0.4291 04826 | -0.2266 0.5570 | -0.2289 05610
1066790 [ 1062051 | 1082080 | 4057760 L i08190) | 10.5748;
Joint Test; x%3) 13778 7 107928 T 110676 T | 838507 | o474t | g2zt
100032} {40.00810 | 100114} | 1003R7E | (001260 | 100416
Test for Unit Root in the Conditional Variance, Hy: vy =1
Fa! 116695 7| 155000 | 168365 | ixo7se | 168220 7| mism3
100006} | 1000010 | 10.0000) | 000000 | {0G00DE | {0.0000)
Joint Tests of Significance™’
iem, =0, 51270 52519 48694 52338 4.3663
tor ail i. %'(5) 014006 03859 04320 03850 04324
Hy:m =0, 230236 "7 33320877} 22975477 333087
tor all 3, ¥'(5) 0.0003 (3.0000 0.0003 0.0000
Iy mi=m, =0 290154 77| 394632 77) 288462 77| 3945517
for all i and j, 33(10) 0.0012 0.0000 0.0013 0.0006
H: v, = 0, 118058 7| 1357277 | 1401287 ) 1358917 | 041726 "
for all 1, ¥'(5) 0.0362 0.0186 00139 0.0184 0.0145
Ny, =0, 0391 3.9656 75127 3.9539
forall§. ¥(5) 0.1541 0.5540 0.1600 05561
v, = v, =0, 192851 | 1740241 | 1922897 | 175392
tor all i and j, 0.036% 0.0642 00375 0.0623
b m,=m,= 477943 77| 584635 ™| 475924 7| 55070 ™7
tor all Land j, ¥(20) 0.0005 £.0000 0.0005 0.0000

Naotes: (a), (b) and (c): See the notes for Table 3-b,
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