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How the Quantitative Easing Affect the Spillover Effects between
the Metal Market and United States Dollar Index?
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Abstract: This study explores both return and volatility spillover effects, the co-integration relation and the correlative
relationship between the metal market in London metal exchange and United States exchange rate market, and the risk
premium and leverage effect in each of these two markets for the periods before and during quantitative easing (QE).
Empirical results show that, as the QE is executed the risk premium in US exchange rate market will disappear; and the
speed and direction of the adjustment back to equilibrium respectively becomes greater and is reversed for the co-
integration relation in metal market. Regarding these two markets only the return spillover effect is affected, and the
degree of negative correlative relationship becomes more obvious as the QE is executed.
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1. INTRODUCTION

The global financial crisis ran from January 2, 2007
to December 31, 2008. This crisis was regarded as the
worst since the Great Depression of the 1930s
because it brought about the threat of total collapse in
large financial institutions, the bailout of banks by
national governments, and the downturns in stock
markets around the world. Moreover, the housing
market also suffered in many areas, resulting in
evictions, foreclosures on residences, and prolonged
unemployment. Therefore this crisis played a
significant role in the failure of key businesses, the
decline in consumer wealth, and a downturn in
economic activity. It further led to a global recession
between 2008 and 2012 and contributed to the
European sovereign debt crisis. As a consequence of
the financial crisis, the United States (US) has
implemented a policy of quantitative easing (QE)1 since
November 2008 to deal with the bad financial situation
and stimulate an economic recovery. This policy may
force the depreciation of the United States dollar
(USD). Moreover, the USD is an international currency
since a number of commodities, such as crude oil in
the energy market; gold (Au), aluminum (Al), copper
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'Quantitative easing (QE) is an unconventional monetary policy used by central
banks to stimulate the national economy when standard monetary policy has
become ineffective. A central bank implements the quantitative easing by
buying financial assets from commercial banks and other private institutions,
thus creating money and injecting a pre-determined amount of money into the
economy. Moreover, before the QE policy executed by US, the Bank of Japan
(BOJ)'s monetary policy, a similar QE policy, was performed by Japan in 2006.
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(Cu), lead (Pb), nickel (Ni), tin (Sn), and zinc (Zn) in the
metal market of the London metal exchange (LME);
and cocoa, corn, wheat, and soybean meal in the
agricultural commodity market are valued in USD.
Furthermore, internationalization is widespread in most
countries all over the world thus capital may flow from
one country to another country, from one market to
another market, and from one asset to another asset.
That is, | may predict the trend of price level for one
type of commodity from that for another type of
commodity if the direction of capital flow is given.
These facts give rise to several questions, such as
whether the depreciating USD will lead to the
increasing price levels of metal raw materials and vice
versa, whether a spillover effect on return and volatility
exists between the metal market in LME and the US
exchange rate market, whether the co-integration
relation, leverage effect and volatility feedback effect
subsist in these two markets and, with regard to the
topics mentioned above, what is the difference
between the pre-QE and QE periods? These questions
can be answered by the leverage effect and risk
premium in each of two markets; and the return and
volatility spillover effects, and the conditioned
correlation between these two markets for the pre-QE
and QE periods.

Subsequently, | will review the relevant research
published in the past. First, with regard to the topic of
QE, most of the literature has focused on the effects of
QE via examining the variation of macroeconomic
variables such as the inflation, industrial production,
gross domestic product and the consumer price index
(see Karras 2013; Lyonnet and Werner 2012;
Schenkelberg and Watzka 2013 and so on) or by
inspecting the changes in financial variables such as
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the bank equity value, exchange rates, and interest
rates (see Nakazono and Ueda 2013; Schenkelberg
and Watzka 2013). Second, in regard to the issue of
the correlative relationship between two types of
markets or commodities, the types of markets or
commodities that are used to explore the return and
volatility spillover effects can be classified into the
following cases. Past literature has focused on the
return and volatility spillover effects between several
stock markets (see Allen, Amrama, and McAleer 2013;
Lee 2013; Singh, Kumar, and Pandey 2010 and so on);
between several exchange rate markets (see
Antonakakis 2012; Kitamura 2010; McMillan and
Speight 2010 and so on); between several bond
markets (see Skintzi and Refenes 2006); between the
stock market and exchange rate market (see Zhao
2010); between the stock market and bond market (see
Dean, Faff, and Loudon 2010); between the money
market and interest rate market (see Zaghini and
Colarossi 2009) and between the stock market and
commodity market (see Mensi, Beljid, Boubaker, and
Managi 2013).

The literature mentioned above does not touch on
the issue of the correlative relationship between the US
exchange rate market and the metal market. That is,
they do not explore the topic of the relationship
between the depreciating USD and the increasing price
level of metal raw materials, and vice versa, in the
years since the policy of QE has been taken up by
United States. Hence, with regard to the pre-QE and
QE periods, this study employs two bivariate
asymmetric BEKK?-GARCH models which assure the
property of a positive definite to estimate the
conditional variance and covariance of seven pairs of
data composed of the commodities in the metal market
of LME and the United States dollar index (UDI),
representing the US exchange rate market, as Al-UDI,
Au-UDI, Cu-UDI, Ni-UDI, Pb—UDI, Sn-UDI, and Zn—
UDI, and to explore both return and volatility spillover
effects, the correlative relationship between these two
markets, and the risk premium and leverage effect in
each of these two markets, and further explore how the
above financial phenomena be changed as the QE is
executed. Our results show that, as the QE is executed
some financial phenomena are changed significantly.
For example, the return spillover effect from US
exchange rates market to metal market in LME since
the negative return spillover effect disappears, and

’The BEKK type of model is named after Baba, Engle, Kraft, and Kroner
(1990).

from metal market to US exchange rates market since
the negative return spillover is changed into positive
one; the co-integration relation in metal market since
the speed of adjustment back to equilibrium becomes
greater and the direction of this adjustment is reversed;
the risk premium in US exchange rates market since
the volatility feedback effect disappears; and the
correlative relation between these two markets since
the degree of negative correlative relationship becomes
more obvious. As to the remainder financial
phenomena, they are similar for the periods of pre-QE
and QE.

The remainder of this paper is organized as follows.
Section 2 describes the empirical models utilized in this
study —two asymmetric type of bivariate GARCH
models. Section 3 states the basic statistical features
for the return series of UDI and seven metal
commodities in LME. Section 4 analyzes the empirical
results and further explores the issues addressed in
this work. Finally, the conclusion is drawn in the last
section.

2. ECONOMETRIC METHODOLOGY

In this study, several bivariate GARCH models are
used to explore the spillover effects and other financial
phenomena between the metals market in LME and US
exchange rate market. These models are composed of
mean equation and variance-covariance equation. If
the two series are bound by some relationship in the
long run then the vector autoregressive (VAR)
framework needs to be modified to allow consistent
estimation of the relationships between them. Thus the
mean equation of these models is expressed as the
form of the vector error correction model (VECM) with
lag 2° model since VECM can take into account any
cointegrating relationships between them. Moreover,
the bivariate variance—covariance specification derived
in the Appendix of Su (20‘I4)4 is utilized estimate the
conditional variance and covariance of seven pairs of
data, and further to explore several financial issues
mentioned above. This bivariate variance—covariance
specification owns the property of not only positive
definite in the covariance matrix but also parsimony in
the parameter estimation. Subsequently, based on the

®Since the maximum value (in absolute value) of Schwarz's Bayesian Criterion
(SBC) occurs at the lag 2 for all seven pairs of data, hence the optimal lag
number should be two based on SBC. Please see section of empirical results
for more details.

“Su (2014) adopted Moschini and Myers’s (2002) suggestion to simplify the
BEKK model, and derived a positive definite type of bivariate asymmetric
GARCH model in diagonal representation, B-GJR-GARCH model.
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variance—covariance specifications described above,
two asymmetric types® of bivariate GARCH models are
represented as follows.

The positive definite type of bivariate VECM(2)-
BEKK-GJR-GARCH(1,1)-MX model (hereafter, B-GJR-
GARCH) is utilized to explore the spillover effects
between the metal commodities in LME and the United
States dollar index (UDI). The VECM(2) type of return
specification is used to investigate the return spillover
effect between these two markets, and the risk
premium and co-integration relation in each of two

l

markets, and is represented as R, = [R R, ] . On the

1t
contrary, the BEKK-GJR-GARCH(1,1)-MX type of
variance-covariance specification model is employed to
investigate the volatility spillover effect and the
correlative relation between these two markets, and the
leverage effect in each of two markets. This type of
variance—covariance specification takes the form of
one asset’s variance being expressed as the form of
GJR-GARCH(1,1) and involves the variance of another
asset as the exogenous variable. Additionally, two time
dummies (D’®* and D) are set on part of the

parameters in order to consider the issues explored in
this study for two sub-periods, pre-QE and QE.

Ry, =¢,+ E(Pm 1-i E(plZl 2-i E(Pm 1211"'61“( 11‘)

2[ (P7O+E(P»> 111+ECP22| ’>l|+2(p23| 12t|+6 ]1’1( 27l)+87l

(1)
e |, ~N(0.H,) 2)
h[ = VeCh(H ) [huwhlzwhzz,(]
h,, =0 +(a, +n, 1,1_|)£|2,1_1 + Blhll,l—l + V1h22,1_1
h12.l =W +0E €yt B]zhlz,l_l
h22,1 =W, + (az + T]zDil_l )E;l—l + BZhZZ,l—l + Vzhl 1t-1 (3)
where ijl = (lnPjvl - lnPjV[_l )x 100 and
D; Lr g <0 for j=12. R d R
- - : or j=1,2. an
0 otherwise . “ 2t

represent the return of the commodities in the metal
market of LME and UDI in the US exchange rate

5According to the past literature — see Fama (1965), Mandelbrot (1963), Su
(2015) and so on — most financial asset returns series possess features of
volatility such as volatility pooling and leverage effects. To capture the stylized
facts of financial asset returns described above, this study utilizes two
asymmetric types of GARCH model — the threshold GARCH (GJR-GARCH)
model proposed by Glosten, Jagannathan, and Runkle (1993) and exponential
GARCH (EGARCH) of Nelson (1991) — to explore the volatility spillover effect
between the metal commodities in LME and the UDI.

R,,, =(InP,, ~InP, ) x 100
denotes the error correction term. Parameters ¢,,, and

¢,; describe the speed of adjustment back to

equilibrium, and they can measure the proportion of
last period’s equilibrium error that is corrected for. The

!

conditional distribution of ¢, = ¢, .¢,,] is assumed to
follow the normal distribution with

E_ (e)= OE( )=Ht. In  this

market, respectively.

variance

specification, the term (a;+n D, ,) equals a;+mn,; as

<0 orequals o, for ¢, , >0 forj=1, 2. Hence, if

]l 1
parameter n; is significantly positive then a leverage

effect of volatility exists owing to higher volatility being
obtained by bad news than by good news, implying that
parameter m; can be used to capture the leverage

effect of volatility.

jt-1

Regarding the QE effect, parameters ¢,,,, @,;,
Pisir Pozi0 015 0,5 Vi, Vo, My, M, @nd o, are defined
as follows.
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e 1 if date, =<t<11/1/2008
~ 10 otherwise

o _[1 if t=11/1/2008
D (5)

0 otherwise

D* and DY are the time indicator dummies that

take the value 1 if the time is before November 1, 2008
(i.e. the pre-QE period), and after November 1, 2008°
until the end date of the study sample (i.e. the period of
QE), respectively. date ., denotes the start date of the

start

study sample. The parameters ;" and ¢ can

respectively seize the return spillover effect from the
US exchange rate market to the metal market for the
pre-QE period and during the period of QE.

Conversely, parameters @53 and ¢ can respectively

®Quantitative easing was performed by United States after November 1, 2008.
This time was just the end of the global financial crisis. Hence, the time period
after the global financial crisis is that in which quantitative easing was
implemented.
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capture the return spillover effect from the metal market

to the US exchange rate market for the period pre-QE
and during the period of QE. @ and @i can
respectively describe the speed of adjustment back to
equilibrium for the metal and US exchange rate

markets during the pre-QE period whereas ¢3 and

¢ can respectively describe the speed of adjustment
back to equilibrium for the metal and US exchange rate
markets during the period of QE. The parameters §,
and 9, in Eq. (1) are interpreted as the coefficients of

relative risk aversion (Merton 1980), and they can be
regarded as a time-varying risk premium. That is, the
increased expected rate of return is required in
response to an increase in the predictable variance of
the return. Additionally, since the term In(h;;), j=1,2 is

included in the mean equation, parameters §'® and
8% can respectively seize the volatility feedback effect
in the metal market for the period pre-QE and during
the period of QE. Moreover, parameters 5% and 83"
can respectively seize the volatility feedback effect in
the US exchange rate market for the period pre-QE
and during the period of QE.

The parameters v’ and v are respectively

utilized to seize the volatility spillover effect from the
US exchange rate market to metal market for the pre-

QE and QE periods, whereas parameters v:%* and
v are respectively utilized to capture the volatility

spillover effect from the metal market to the US
exchange rate market for the period pre-QE and during

the QE period. Parameters n'* and n® can

respectively seize the leverage effect in the metal
market for the period pre-QE and during the period of
QE. Moreover, the parameters n;* and n¥ can
respectively seize the leverage effect in the US
exchange rate market for the period pre-QE and during

the period of QE. The parameters w};** and oY are

employed to judge the correlative relationship in price
trend between the metal market and the US exchange
rate market for the period pre-QE and during the period
of QE, respectively. Furthermore, the parameters of
this bivariate asymmetric GARCH model are estimated
by maximum likelihood (ML) optimizing numerically the
Gaussian log-likelihood function. Hence the log-
likelihood function of the B-GJR-GARCH model’ for the
QE effect can be written as follows:

The parameters in this model don’t easily converge in case of using small data
since 44 parameters are estimated in this model. In this case the small amount
of data must be expanded to large amount of data via the bootstrap approach
proposed by Efron (1979) to repeatedly resample the original small amount of
data approach.

L(p)= iln{f(R t|QI_,;1p)}

T 1 o
=_Eln2n—52(ln‘Hl‘+e[ Hl‘gl) (6)
where Y =[00.9,1.9 10 Prn @@ s P Pr P
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QE SBQE SQE SBQE §QE BQE . QE
$3350, 50, ,0,7,057,0,,0,,B,,057 ,05,0,,,B,,0,,0,,

BQE . QE .,BQE .QE . BQE .QE . BQE .QEq :
By, vy Vv, Vs Ly LM, LT, ] is the vector

of parameters to be estimated, f denotes the bivariate
normal density and €2, , denotes the information set of

all observed returns up to time t-1. In addition, the
variance—covariance specification of the B-GJR-
GARCH-MX model is replaced by the EGARCH model,
the B-EGARCH-MX model (hereafter, B-EGARCH) is
acquired, and this variance—covariance specification is
represented as below.

ln(h]“) =0+ By ln(hll.\—l)+ il %+01
11t-1

2 +v, ln(hzm)

‘81.(—1‘ _\/:
\/hll,l—l n

hlZ.l = (D12+(x’l28l,l—]82,[—l + B]Zhllvl—]

€

ln(hzu ) =W, + ﬁz ln(hzz.H )"' N, ﬁ +a, [\/;2[74 - \/3} +V, ln(huH )
22.4-1 22.4-1
(7)

Notably, the model has two advantages over the
pure GARCH specification. That is, first, even if the
parameters are estimated as negative, h;, j=1,2 will be
positive owing to the In(h;+) being modeled. Thus there
is no need to artificially impose non-negativity
constrains on the model parameters such as w;, o; and
B; for j=1,2. Second, asymmetries are allowed for under
the EGARCH formulation, since if the relationship
between volatility and return is negative, the value of v,
j=1,2 will be negative. Hence, parameter n; can be
used to capture the leverage effect of volatility.

3. DATA PRELIMINARY ANALYSIS

In this study, both the return and volatility spillover
effects between the metals market in LME and US
exchange rate market are explored. Hence, the study
data covers the UDI® in the US exchange rate market
and metal commodities on the LME, such as aluminum
(Al; $/ton), gold (Au; $/ounce), copper (Cu; $/ton),
nickel (Ni; $/ton), lead (Pb; $/ton), tin (Sn; $/ton), and
zinc (Zn; $/ton). The first (second) word in the
parentheses beside the name of the metal commodity

®The United States dollar index (UDI) in this study was a weighted geometric
mean of the dollar's value compared only with a "basket" of 6 other major
currencies. The major currencies include the euro, Japanese yen, Canadian
dollar, British pound, Swedish krona and Swiss franc.
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Table 1: Descriptive Statistics of Daily Return for Overall Period, Pre-QE and QE Periods
Mean Std. Dev. Max. Min. Skewness Kurtosis J-B Q%(12)
Panel A. The Overall period (2601 observations)
Al 0.0130 1.5469 6.0679 -8.1656 -0.3130° 2.0289° 488.64° 304.34°
Au 0.0688 1.2633 6.8652 -6.2838 -0.3960° 3.4113° 1329.17° 520.66°
Cu 0.0621 2.0129 11.7258 -10.3212 -0.0406 3.1099° 1048.87° 1743.74°
Ni 0.0363 2.6393 13.3096 -14.1197 -0.0966" 2.5821° 726.65° 711.31°
Pb 0.0543 2.5244 13.0072 -13.1991 -0.2201° 2.3235° 606.11° 605.43°
Sn 0.0639 2.0515 15.3853 -11.4532 -0.2160° 4.4528° 2169.05° 516.02°
Zn 0.0329 2.2397 11.4114 -11.4719 -0.1636° 1.9358° 417.76° 536.32°
uDI -0.0155 0.5090 2.1556 -4.1074 -0.2255° 3.3456° 1235.11° 318.56°
Panel B. The period of pre-QE (1616 observations)
Al 0.0230 1.4297 5.3129 -8.1656 -0.3971° 2.7045° 535.01° 234.91°
Au 0.0576 1.2437 6.7997 -6.2838 -0.5946° 3.8540° 1095.41° 339.38°
Cu 0.0616 1.9372 11.7258 -10.3212 -0.0546 4.4575° 1338.68° 1190.81°
Ni 0.0395 2.6359 13.3096 -14.1197 -0.2020° 2.9615° 601.58° 317.21°
Pb 0.0638 24474 13.0072 -12.0125 -0.2195° 2.9942° 616.66° 537.41°
Sn 0.0831 1.9374 15.3853 -11.4532 -0.1593° 6.4134° 2776.37° 510.40°
Zn 0.0210 2.1785 11.4114 -11.4719 -0.2492° 2.8870° 577.95° 413.96°
uDI -0.0183 0.4636 2.0274 -2.9970 0.0710° 1.7121° 198.75° 248.29°
Panel C. The QE period (985 observations)
Al -0.0032 1.7227 6.0679 -7.5481 -0.2178° 1.2123° 68.11° 65.28°
Au 0.0871 1.2952 6.8652 -5.8762 -0.1106 2.7685° 316.58° 209.37°
Cu 0.0629 2.1322 8.9663 -7.8199 -0.0233 1.5027° 92.77° 462.06°
Ni 0.0312 2.6463 12.1594 -12.8559 0.0743 1.9888° 163.25° 395.73°
Pb 0.0387 2.6470 9.4650 -13.1991 -0.2176 1.4627° 95.59° 109.85°
Sn 0.0324 2.2267 11.1180 -9.9390 -0.2643° 2.3481° 237.76° 91.00°
Zn 0.0522 2.3376 7.9695 -8.3876 -0.0527 0.7125° 21.29° 101.03°
uDI -0.0109 0.5761 2.1556 -4.1074 -0.4810° 4.0179° 700.57° 88.41°

Note: 1. a, b and c denote significantly at the 10%, 5% and 1% levels, respectively. 2. Kurtosis denotes the excess kurtosis. 3. J-B statistics are based on Jarque
and Bera (1987) and are asymptotically chi-squared-distributed with 2 degrees of freedom. 4. Q*(12) statistics are asymptotically chi-squared-distributed with 12

degrees of freedom.

denotes the corresponding expression of chemical
element (the trade price per measurement unit). The
daily close price data of these seven metal
commodities and UDI were downloaded from
Bloomberg. These seven pairs of data® (AI-UDI, Au-
UDI, Cu-UDI, Ni-UDI, Pb—UDI, Sn—-UDI, and Zn-UDI)
start from January 14, 2002 and end on November 15,
2012, totaling 2,601 observations. Moreover, the

°For each pair of data, they are retained for the same trade date, and are
deleted otherwise. Taking as an example the Au-UDI pair of data: both Au and
UDI are traded on January 31, 2002, thus the close prices of both data are
retained at this date. Conversely, if only Au is traded on May 25, 2003 whereas
UDI is not traded at this date, then the close price of Au at this date must be
deleted, and vice versa.

returns are defined as the first difference in the
logarithms of daily metal commodities or UDI price then
multiplied by 100.

Table 1 reports the basic statistical characteristics
of these seven metal commodities and UDI return
series for all sample period (see Panel A), the pre-QE
period (see Panel B), and the QE period (see Panel C).
In regard to these three periods, the average daily
return is positive for most of metal commodities
whereas that is negative for UDI, implying that the UDI
and each of the metal commodities take the opposite
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Figure 1: The levels of spot prices for overall period (a) Al-UDI (b) Au-UDI (¢) Cu-UDI (d) Ni-UDI (e) Pb-UDI (f) Sn-UDI (g) Zn-
UDI pair of data, where the shade area denotes the period of QE execution.
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Figure 2: The return of spot prices for overall period (a) Al-UDI (b) Au-UDI (c) Cu-UDI (d) Ni-UDI (e) Pb-UDI (f) Sn-UDI (g) Zn-
UDI pair of data, where the shade area denotes the period of QE execution.
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direction on price level. This phenomenon can also be
observed in Figure 1'%, Moreover, the standard
deviation of all metal commodities is larger than that of
UDI, inferring that the metal commodities are more
volatile than UDI in price level. This phenomenon can
also be found from the return scale of Figure 2, that is
the return variation of metal commodity is larger than
that of UDI. As reported from the -coefficient of
skewness, the excess kurtosis and J-B normality test
statistics, all of the return series present left-skewed
and the distribution of returns has larger, thicker tails
than normal distribution. Thus they aren’t normally
distributed. Furthermore, the Ljung-Box Q*(12)
statistics for the squared returns are all significant at
the 1% level and thus indicate that the return series
exhibits linear dependence and strong ARCH effects.
Hence, the preliminary analysis of the data suggests
the use of a GARCH-family model to capture the fat
tails and time-varying volatility found in these metal
commodities and UDI returns series.

4. EMPIRICAL RESULTS

In this section, two bivariate asymmetric GARCH
models (B-GJR-GARCH and B-EGARCH) are used to
estimate the conditional variance and covariance of
seven pairs of data for the periods of pre-QE and QE;
further, these results are utilized to explore both return
and volatility spillover effects, the co-integration
relation, the correlative relationship between these two
markets, and the risk premium and leverage effect in
each of these two markets.

41. The Number of Lag for Mean and Variance
Equations

Before | investigate the above issues, | first explain
why | choose the lag numbers of VECM(2) and
GARCH(1,1) for mean and variance equations,
respectively. Table 2 reports the Akaike information
criterion (AIC) and Schwarz's Bayesian Criterion
(SBC)11 values of alternative lags for seven pairs of
data. From Table 2, | can observe that, regarding
seven pairs of data, the optimal lag number is one for
AIC since the lag one owns the greatest value (4) of
the total number of pairs of data that own the maximum
value (in absolute value) of AIC among lags 1-6.

"The shaded areas in Figures 1 and 2 denote the period of QE execution.

""The Akaike information criterion (AIC) is a measure of the relative quality of a
statistical model for a given set of data, and it can deal with the trade-off
between the goodness of fit of the model and the complexity of the model. On
the contrary, Schwarz's Bayesian Criterion (SBC) is based on the likelihood
function. Notably, both AIC and SBC can provide a method for model selection.

Conversely, the optimal lag number is two for SBC
since the lag two owns the greatest value (7) of the
total number of pairs of data that own the maximum
value (in absolute value) of SBC among lags 1-6.
Notably, the maximum value (in absolute value) of SBC
occurs at the lag 2 for all seven pairs of data, indicating
that the optimal lag number should be two based on
SBC. On the other hand, if the two time series are
bound by some relationship in the long run then the
VAR framework needs to be modified to allow
consistent estimation of the relationships among the
series. Hence, | select VECM (2) (vector error
correction model with lag 2) model as the mean
equation of this study. Moreover, Table 3 lists the log-
likelihood values of alterative GARCH(p,q) models and
their likelihood ratio test (LR) statistics besides
GARCH(1,1) for seven metals and UDI. The LR test
statistics is used to compare the fitting ability between
GARCH(p,q) and GARCH(1,1) models. As shown in
Table 3, the numbers in row Sum2 are greater that
those in row Sum1 for most of lags, indicating that the
fitting ability of GARCH(1,1) model is superior to that of
GARCH(p,q). Therefore, | choose GARCH(1,1) as the
specification of variance equation in this work.

42. The Preliminary Analysis for Alternative
Models

Since both the B-GJR-GARCH and B-EGARCH
models can be used to capture the leverage effect.
However, which model, the B-GJR-GARCH or B-
EGARCH, is more suitable to be utilized to explore the
above issues. Hence, before | explore the above
issues, | perform an evaluation for these two bivariate
GARCH models via the significance of model
parameters. Basically, if one model such as B-
EGARCH model owns the greater the total number of
pairs of data that a specified parameter being
significant for most of parameters as compared with the
other model such as B-GJR-GARCH model then the B-
EGARCH model has the better fitting ability.

Tables 4 and 5 respectively list the empirical results
of B-GJR-GARCH and B-EGARCH models for seven
metal-UDI pairs of data as the QE effect is considered.
From Tables 4-5, | can observe that when the B-GJR-
GARCH and B-EGARCH models are compared 15

BQE _ QE BQE _ QE BQE _ QE BQE
parameters (@ , @3, 915 5 P5s Dot s Pons P s

QPR 9, WPy VB VO 2 and o) in the
B-EGARCH model whereas only 5 parameters (g3,

¥, ¥, ¥ and n{) in the B-GJR-GARCH
model own the greater the total number of pairs of data

that a specified parameter being significant. For



262 Journal of Reviews on Global Economics, 2016, Vol. 5 Jung-Bin Su
Table 2: The AIC and SBC Values of Alternative Lags for Seven Pairs of Data
Al-UDI Au-UDI Cu-UDI Ni-UDI
Lag AlC SBC AlC SBC AlC SBC AlC SBC
1 -49503.5 -49421.1 -50835.1 -50752.8 -48160.5 -48078.1 -46563.5 -46481.1
2 -49511.4 -49452.7 -50843.2 -50784.6 -48179.7 -48121.1 -46559.9 -46501.3
3 -49505.8 -49423.7 -50849.3 -50767.2 -48172.5 -48090.5 -46553.6 -46471.5
4 -49500.0 -49394.4 -50843.3 -50737.8 -48171.1 -48065.5 -46559.1 -46453.6
5 -49493.4 -49364.4 -50836.7 -50707.7 -48165.9 -48036.9 -46554.2 -46425.2
6 -49492.2 -49339.7 -50831.7 -50679.2 -48160.7 -48008.2 -46551.2 -46398.7
Pb-UDI Sn-UDI Zn-UDI Sum
AlC SBC AlC SBC AlC SBC AlC SBC
1 -46865.7 -46783.3 -47914.4 -47832.0 -47498.3 -47415.9 4 0
2 -46864.2 -46805.6 -47909.1 -47850.5 -47492.6 -47434.0 2 7
3 -46859.6 -46777.5 -47902.2 -47820.1 -47489.8 -47407.7 1 0
4 -46858.9 -46753.3 -47900.1 -47794.6 -47483.7 -47378.1 0 0
5 -46851.3 -46722.3 -47894.9 -47765.9 -47478.5 -47349.5 0 0
6 -46847.6 -46695.1 -47888.7 -47736.2 -47473.9 -47321.5 0 0

Note: 1. Bold font in each column of pairs of data denotes the maximum value (in absolute value) of AIC or SBC among lags 1-6. 2. The numbers in column AIC
(resp. SBC) underneath Sum denote the total number of pairs of data that own the maximum value (in absolute value) of AIC (resp. SBC) for a specified lag. 4. The

shade font in these number of column AIC (resp. SBC) underneath Sum denotes the greatest value of the total number of pairs of data among lags 1-6.

Table 3: The Log-Likelihood Values of Alterative GARCH(p,q) Models for Seven Metals and UDI

garch(1,1) garch(1,2) garch(2,1) garch(2,2) garch(2,3) garch(3,2) garch(3,3)
Al -4657.11 -4655.97 -4656.69 -4653.05 -4653.05 -4653.05 -4653.09
(2.28) (0.84) (8.12) (8.12) (8.12) (8.04)
Au -4064.81 -4063.73 -4062.43 -4063.09 -4063.45 -4062.42 -4062.42
(2.16) (4.76) (3.44) (2.72) (4.78) (4.78)
Cu -5175.96 -5175.17 -5175.48 -5172.73 -5172.01 -5171.79 -5171.77
(1.58) (0.96) (6.46) (7.9) (8.34) (8.38)
Ni -6047.64 -6041.32 -6045.67 -6039.70 -6035.05 -6044.10 -6034.69
(12.64) (3.94) (15.88) (25.18) (7.08) (25.9)
Pb -5860.11 -5857.15 -5859.61 -5858.51 -5846.82 -5848.54 -5845.99
(5.92) (1.00) (3.2) (26.58) (23.14) (28.24)
Sn -5316.99 -5308.87 -5313.45 -5313.01 -5305.05 --5307.24 -5307.24
(16.24) (7.08) (7.96) (23.88) (19.5) (19.5)
Zn -5518.05 -5516.60 -5517.47 -5517.76 -5515.77 -5517.25 -5515.68
(2.9) (1.16) (0.58) (4.56) (1.6) (4.74)
uDlI -1752.32 -1747.80 -1744.63 -1743.14 -1743.14 -1743.11 -1742.93
(9.04) (15.38) (18.36) (18.36) (18.42) (18.78)
Sum1 3 2 2 4 3 4
Sum2 5 6 6 4 5 4

Note: 1. The numbers inside the bracket underneath the log-likelihood values under a specified GARCH(p,q) model denote the likelihood ratio test (LR) that test the
null hypothesis of GARCH(1,1) against the alternative hypothesis of this specified GARCH(p,q). 2. LR = -2(LR. - LR,) ~ »’m), where LR, and LR, are , respectively,
the maximum value of the log-likelihood values under the null hypothesis of the restricted model, AR(2)-GARCH(1,1), and the alternative hypothesis of the
unrestricted model, AR(2)-GARCH(p,q) and m is the number of the restricted parameters in the restricted model and equal to p+g-2. For example, the likelihood ratio
test for the null hypothesis of AR(2)-GARCH(1,1) model against the alternative hypothesis of AR(2)-GARCH(2,1). Restate, LR = -2(LR,- LR,) ~ ¥’®. 3. The above

likelihood ratio test is based on AR(2)-GARCH(p,q) model, R =¢,+oR_ +@.R+¢,, h,:wmiﬁ‘h, wiu,cf, . 4. The bold font denotes the likelihood ratio test is rejected at the

1% level. 5. The numbers in row Sum1 denote the total number of data that AR(2)-GARCH(p, q) is superior to AR(2)-GARCH(1,1). That is these numbers are the
total number of data that reject the null hypotheses of likelihood ratio test. 6. The numbers in row Sum2 denote the total number of data that AR(2)-GARCH(1, 1) is
superior to AR(2)-GARCH(p,q).
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Table 4: Empirical Results of B-GJR-GARCH Model for Seven Metal-UDI Pairs of Data

Al-UDI Au-UDI Cu-UDI Ni-UDI Pb-UDI Sn-UDI Zn-UDI
Panel A. Mean equation

Pro 0.5261 0.1827 0.1666 1.2204 0.1829 0.2143 0.2376
(0.209)° (0.048)° (0.027)° (0.307)° (0.140) (0.154) (0.030)°

i -0.0728 -0.0591 -0.0550 -0.0105 0.0189 -0.0306 -0.0253
(0.020)° (0.019)° (0.018)° (0.019) (0.019) (0.021) (0.017)

Py -0.0237 -0.0272 -0.0111 -0.0200 -0.0194 -0.0296 -0.0090
(0.018) (0.019) (0.017) (0.018) (0.019) (0.021) (0.017)

" (7) -0.2675 -0.2661 -0.2257 -0.2953 -0.3458 -0.1931 -0.2942
(0.066)° (0.052)° (0.082)° (0.120)° (0.100)° (0.078)° (0.086)°

¢ (1) -0.1808 -0.0532 -0.0059 -0.1054 -0.0483 0.0180 -0.0804
(0.091)° (0.065) (0.091) (0.123) (0.130) (0.118) (0.099)

"F (3) -0.1244 0.0238 -0.0226 0.1886 0.0649 -0.0538 -0.1575
(0.065) (0.051) (0.076) (0.113)° (0.102) (0.076) (0.081)

¢% (1) 0.0268 -0.0452 -0.0174 -0.0605 -0.0265 0.1848 -0.0425
(0.083) (0.063) (0.087) (0.123) (0.146) (0.109)° (0.110)

" (6) 0.0231 -0.0359 0.0026 -0.0149 0.0168 0.0418 0.0104
(0.000)° (0.000)° (0.000)° (0.000)° (0.021) (0.000)° (0.000)°

¢ (6) -0.0397 0.0386 -0.0020 0.0209 -0.0132 -0.0798 -0.0144
(0.000)° (0.000)° (0.000)° (0.000)° (0.018) (0.000)° (0.000)°

" (6) -0.0214 0.0367 -0.0024 0.0172 -0.0155 -0.0414 -0.0096
(0.000)° (0.000)° (0.000)° (0.000)° (0.021) (0.000)° (0.000)°

¢% (6) 0.0415 -0.0382 0.0026 -0.0185 0.0148 0.0800 0.0159
(0.000)° (0.000)° (0.000)° (0.000)° (0.018) (0.000)° (0.000)°

P -0.1501 -0.0502 -0.0244 -0.0496 0.0232 -0.0314 -0.0056
(0.075)" (0.024)° (0.007)° (0.032) (0.041) (0.015)" (0.007)

" (6) -0.0216 -0.0073 -0.0169 -0.0063 -0.0075 -0.0159 -0.0091
(0.006)° (0.008) (0.004)° (0.003) (0.004) (0.005)° (0.004)°

¢% (5) 0.0211 0.0190 0.0122 0.0100 0.0108 0.0165 0.0099
(0.008)° (0.012) (0.007) (0.005) (0.005) (0.007)° (0.006)

"% (0) 0.0078 -0.0128 -0.0062 0.0007 0.0021 0.0042 0.0027
(0.007) (0.008) (0.005) (0.003) (0.004) (0.005) (0.004)

¢% (1) -0.0113 -0.0126 -0.0025 0.0082 -0.0079 -0.0016 -0.0135
(0.008) (0.012) (0.006) (0.006) (0.007) (0.007) (0.006)°

ooy -0.0195 -0.0292 -0.0250 -0.0217 -0.0165 -0.0232 -0.0192
(0.020) (0.019) (0.019) (0.019) (0.019) (0.019) (0.019)

Pom -0.0133 -0.0298 -0.0198 -0.0022 -0.0137 -0.0128 -0.0169
(0.018) (0.019) (0.017) (0.019) (0.018) (0.019) (0.018)

" (7) 0.0055 0.0042 0.0023 0.0000 0.0054 0.0005 0.0071
(0.000)° (0.000)° (0.000)° (0.000) (0.001)° (0.000)° (0.000)°

¢% (7) -0.0103 -0.0044 -0.0028 -0.0003 -0.0060 -0.0009 -0.0112
(0.000)° (0.000)° (0.000)° (0.000)° (0.001)° (0.000)° (0.000)°

" (7) -0.0063 -0.0049 -0.0026 -0.0003 -0.0056 -0.0008 -0.0075
(0.000)° (0.000)° (0.000)° (0.000)° (0.001)° (0.000)° (0.000)°

¢% (7) 0.0100 0.0042 0.0029 0.0003 0.0063 0.0009 0.0113
(0.000)° (0.000)° (0.000)° (0.000)° (0.001)° (0.000)° (0.000)°

8 (0) 0.0399 -0.0732 -0.0308 0.0183 0.1323 0.0389 -0.0212
(0.082) (0.049) (0.041) (0.046) (0.107) (0.091) (0.035)
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(Table 4). Continued.

Al-UDI Au-UDI Cu-UDI Ni-UDI Pb-UDI Sn-UDI Zn-UDI

5% (3) 0.1075 0.0015 0.1567 0.0940 0.2557 0.0275 0.2032
(0.088) (0.069) (0.040)° (0.156) (0.117)° (0.147) (0.039)°

359 (7) 0.0755 0.0580 0.0566 0.0781 0.0616 0.0662 0.0791
(0.020)° (0.013)° (0.004)° (0.013)° (0.022)° (0.020)° (0.005)°

5% (2) -0.0313 0.0059 -0.0136 -0.0049 -0.0460 -0.0147 -0.0319
(0.029) (0.021) (0.007)° (0.036) (0.035) (0.021) (0.008)°

anel B. Variance and covariance equations

VR (2) 0.0449 -0.0238 0.0229 0.1183 0.0757 -0.0022 -0.0045
(0.015)° (0.007)° (0.019) (0.143) (0.066) (0.219) (0.005)

v (5) 0.0934 -0.0265 0.1991 0.0870 0.1212 1.3139 -0.0325
(0.033)° (0.010)° (0.021)° (0.143) (0.100) (0.297)° (0.011)°

V% (3) -0.0004 0.0000 -0.0001 -0.0000 0.0000 0.0001 -0.0000
(0.000)° (0.000) (0.000)° (0.000) (0.000) (0.000) (0.000)°

v (4) -0.0001 0.0008 0.0002 0.0004 0.0002 0.0006 0.0002
(0.000) (0.000) (0.000)° (0.000)° (0.000) (0.000)° (0.000)°

w, 0.0076 0.0135 0.0395 0.1533 0.0069 0.3016 0.0061
(0.005) (0.002)° (0.003)° (0.039)° (0.012) (0.056)° (0.001)°

a, 0.0453 0.0516 0.0470 0.0697 0.0555 0.1334 0.0282
(0.005)° (0.004)° (0.001)° (0.011)° (0.008)° (0.008)° (0.000)°

B, 0.9579 0.9600 0.9226 0.9114 0.9560 0.7567 0.9775
(0.005)° (0.003)° (0.001)° (0.015)° (0.008)° (0.026)° (0.000)°

0P (2) -0.0008 -0.0034 -0.0004 -0.0040 -0.0002 -0.0012 -0.0003
(0.000)* (0.000)° (0.000) (0.002) (0.000) (0.001) (0.000)

o (3) -0.0033 -0.0031 -0.0044 -0.0175 -0.0009 -0.0074 -0.0001
(0.001)° (0.001)° (0.000)° (0.010) (0.001) (0.005) (0.000)

a, 0.0206 0.0291 0.0242 0.0235 0.0204 0.0149 0.0120
(0.003)° (0.003)° (0.000)° (0.007)° (0.003)° (0.005)° (0.000)°

B 0.9691 0.9599 0.9669 0.9411 0.9758 0.9672 0.9861
(0.005)° (0.005)° (0.000)° (0.026)° (0.004)° (0.017)° (0.000)°

, 0.0016 0.0013 0.0012 0.0012 0.0006 0.0004 0.0011
(0.000)° (0.000)° (0.000)° (0.000)° (0.000) (0.000) (0.000)°

o, 0.0274 0.0502 0.0268 0.0286 0.0276 0.0266 0.0279
(0.004)° (0.003)° (0.000)° (0.005)° (0.004)° (0.005)° (0.000)°

B, 0.9665 0.9563 0.9624 0.9637 0.9630 0.9633 0.9653
(0.004)° (0.004)° (0.000)° (0.004)° (0.003)° (0.004)° (0.000)°

"% (6) -0.0246 -0.0306 0.0357 -0.0138 -0.0277 0.0451 -0.0107
(0.005)° (0.005)° (0.004)° (0.011) (0.008)° (0.020)° (0.001)°

n% (7) -0.0274 -0.0320 0.0065 -0.0236 -0.0326 -0.0526 -0.0126
(0.006)° (0.005)° (0.003)* (0.011)° (0.006)° (0.017)° (0.001)°

% (5) 0.0090 -0.0236 0.0166 0.0105 0.0143 0.0162 0.0090
(0.007) (0.005)° (0.002)° (0.008) (0.006)° (0.008)° (0.002)°

n% (4) -0.0009 -0.0318 0.0032 -0.0183 0.0002 -0.0085 -0.0087
(0.005) (0.006)° (0.001)* (0.007)° (0.007) (0.007) (0.002)°
LL -6181.33 -5330.02 -6661.78 -7648.28 -7429.52 -6910.68 -7087.81
QX(12) 10.059 6.254 11.616 17.702 28.665° 15.927 10.888
QX(12) 18.943° 18.313 19.400° 20.837° 21.120° 18.679° 19.346°

Note: 1. a, b and ¢ denote significantly at the 10%, 5% and 1% levels, respectively. 2. Numbers in parentheses at the row of parameters are standard errors. 3. LL
indicates the log-likelihood value. 4. The number inside the bracket that beside the parameter name denotes the total number of pairs of data that are significant at
this parameter. Moreover, the parameters in shade font denote that this parameter owns the greater the total number of pairs of data that are significant at this
parameter when B-GJR-GARCH and B-EGARCH models are compared each other.
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Table 5: Empirical Results of B-EGARCH Model for Seven Metal-UDI Pairs of Data

Al-UDI Au-UDI Cu-UDI Ni-UDI Pb-UDI Sn-UDI Zn-UDI
Panel A. Mean equation

Do 1.0134 0.2099 0.2635 1.3240 0.3555 0.5780 0.3121
(0.017)° (0.019)° (0.155)° (0.039)° (0.031)° (0.026)° (0.026)°
P -0.0766 -0.0517 -0.0641 -0.0119 0.0205 -0.0422 -0.0297
(0.017)° (0.015)° (0.019)° (0.017) (0.016) (0.008)° (0.017)°
P -0.0259 -0.0263 -0.0037 -0.0200 -0.0097 -0.0227 -0.0107
(0.017) (0.013)° (0.018) (0.017) (0.015) (0.014) (0.016)
"% (7) -0.2835 -0.2741 -0.2039 -0.2627 -0.3510 -0.1406 -0.2803
(0.064)° (0.030)° (0.074)° (0.119)° (0.094)° (0.001)° (0.085)°
% (1) -0.1907 -0.0403 -0.0494 -0.0846 -0.0760 0.1007 -0.0628
i (0.081)° (0.039) (0.086) (0.117) (0.114) (0.099) (0.100)
"% (3) -0.1318 -0.0148 -0.0509 0.1568 0.0516 -0.0445 -0.1538
. (0.059)° (0.039) (0.076) (0.108) (0.097) (0.025)° (0.081)°
% (1) 0.0051 0.0066 0.0524 -0.0652 0.0172 0.1602 -0.0498
(0.082) (0.035) (0.088) (0.118) (0.114) (0.096)° (0.109)
"% (7) 0.0143 -0.0098 0.0109 -0.0171 0.0172 0.0320 0.0139
’ (0.000)° (0.000)° (0.000)° (0.000)° (0.000)° (0.000)° (0.000)°
% (7) -0.0319 0.0157 -0.0186 0.0254 -0.0177 -0.0482 -0.0229
(0.000)° (0.000)° (0.000)° (0.000)° (0.000)° (0.000)° (0.000)°
"% (7) -0.0109 0.0108 -0.0103 0.0194 -0.0147 -0.0309 -0.0128
’ (0.000)° (0.000)° (0.000)° (0.000)° (0.000)° (0.000)° (0.000)°
% (7) 0.0348 -0.0152 0.0192 -0.0230 0.0193 0.0484 0.0244
’ (0.000)° (0.000)° (0.000)° (0.000)° (0.000)° (0.000)° (0.000)°
Py -0.1450 -0.0432 -0.0068 -0.0342 0.0278 -0.0495 0.0101
(0.007)° (0.023y° (0.008) (0.007)° (0.007)° (0.022)° (0.007)
2% (7) -0.0203 -0.0084 -0.0158 -0.0066 -0.0077 -0.0160 -0.0074
(0.006)° (0.005)° (0.004)° (0.003)° (0.004) (0.005)° (0.004)
% (6) 0.0212 0.0199 0.0112 0.0097 0.0102 0.0167 0.0083
(0.007)° (0.011)? (0.005)" (0.005) (0.005)" (0.005)° (0.006)
"% (1) 0.0021 -0.0090 -0.0072 0.0009 -0.0037 0.0042 -0.0043
(0.007) (0.004) (0.004) (0.003) (0.004) (0.004) (0.004)
o (0) -0.0002 -0.0104 -0.0020 0.0092 -0.0020 -0.0018 -0.0010
i (0.008) (0.011) (0.007) (0.006) (0.004) (0.007) (0.006)
O -0.0231 -0.0302 -0.0278 -0.0271 -0.0227 -0.0315 -0.0255
(0.018) (0.012)° (0.013)° (0.019) (0.019) (0.009)° (0.019)
O -0.0094 -0.0207 -0.0196 -0.0037 -0.0112 -0.0102 -0.0149
(0.018) (0.012) (0.016) (0.018) (0.017) (0.011) (0.018)
2% (7) 0.0009 0.0020 0.0005 -0.0001 0.0002 0.0006 0.0001
‘ (0.000)° (0.000)° (0.000)° (0.000)° (0.000)° (0.000)° (0.000)°
o (7) -0.0033 -0.0024 -0.0021 -0.0002 -0.0006 -0.0014 -0.0004
(0.000)° (0.000)° (0.000)° (0.000)° (0.000)° (0.000)° (0.000)°
% (7) -0.0017 -0.0027 -0.0007 -0.0001 -0.0004 -0.0010 -0.0005
‘ (0.000)° (0.000)° (0.000)° (0.000)° (0.000)° (0.000)° (0.000)°
% (7) 0.0030 0.0022 0.0021 0.0002 0.0009 0.0014 0.0006
i (0.000)° (0.000)° (0.000)° (0.000)° (0.000)° (0.000)° (0.000)°
3" (3) 0.1164 -0.0400 0.0530 -0.0519 0.2178 -0.0191 0.0307
(0.033)° (0.028) (0.108) (0.028)* (0.026)° (0.023) (0.028)
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(Table 5). Continued.

Al-UDI Au-UDI Cu-UDI Ni-UDI Pb-UDI Sn-UDI Zn-UDI
8% (3) -0.0711 0.0426 0.0644 0.0328 0.1259 -0.2660 0.1351
(0.044) (0.062) (0.070) (0.039) (0.038)° (0.116)° (0.040)°

5 (7) 0.0816 0.0595 0.0614 0.0855 0.0625 0.0731 0.0836
i (0.004)° (0.010)° (0.013)° (0.005)° (0.004)° (0.000)° (0.005)°
8% (5) -0.0258 -0.0014 -0.0036 -0.0132 -0.0429 -0.0170 -0.0317
(0.008)° (0.013) (0.000)° (0.007)° (0.007)° (0.011) (0.008)°

Panel B. Variance and covariance equations

VI (5) 0.0045 -0.0018 0.0028 0.0056 0.0058 0.0465 -0.0004
(0.000)° (0.000)° (0.002) (0.001)° (0.000)° (0.003)° (0.000)

vE (7) 0.0040 -0.0015 0.0074 0.0132 0.0086 0.0385 0.0022
(0.000)° (0.000)° (0.002)° (0.001)° (0.000)° (0.006)° (0.000)°

VR (4) -0.0021 0.0016 0.0018 0.0026 0.0038 0.0075 0.0008
(0.001)° (0.001) (0.001) (0.000)° (0.000)° (0.001)° (0.000)

vE (5) -0.0025 0.0103 0.0019 0.0023 0.0022 0.0055 0.0002
(0.000)° (0.002)° (0.001) (0.000)° (0.000)° (0.001)° (0.000)

o, 0.0150 0.0014 0.0282 0.0647 0.0292 0.2026 0.0055
(0.000)° (0.000)° (0.004)° (0.001)° (0.000)° (0.005)° (0.000)°

a, 0.0593 0.0728 0.1306 0.1269 0.0862 0.2698 0.0491
(0.004)° (0.005)° (0.013)° (0.009)° (0.006)° (0.019)° (0.004)°

B, 0.9909 0.9950 0.9841 0.9728 0.9900 0.9050 0.9975
(0.000)° (0.001)° (0.002)° (0.000)° (0.000)° (0.005)° (0.000)°

WP (4) -0.0009 -0.0033 -0.0005 -0.0013 -0.0002 -0.0039 -0.0003
(0.000)° (0.000)° (0.000) (0.000)° (0.000) (0.002)° (0.000)

o% (6) -0.0042 -0.0033 -0.0030 -0.0055 -0.0011 -0.0229 -0.0003
(0.000)° (0.000)° (0.000)° (0.000)° (0.000)° (0.011)° (0.000)

o, 0.0195 0.0258 0.0235 0.0175 0.0186 0.0284 0.0121
(0.000)° (0.000)° (0.002)° (0.001)° (0.000)° (0.008)° (0.000)°

By 0.9684 0.9616 0.9681 0.9697 0.9772 0.9148 0.9858
(0.001)° (0.000)° (0.002)° (0.001)° (0.000)° (0.032)° (0.000)°

o, -0.0030 -0.0191 -0.0084 -0.0113 -0.0111 -0.0194 -0.0062
(0.000)° (0.001)° (0.001)° (0.000)° (0.000)° (0.001)° (0.000)°

a, 0.0799 0.0923 0.0835 0.0786 0.0829 0.0804 0.0794
(0.007)° (0.008)° (0.007)° (0.007)° (0.007)° (0.008)° (0.007)°

B, 0.9956 0.9865 0.9945 0.9942 0.9946 0.9912 0.9950
(0.000)° (0.001)° (0.000)° (0.000)° (0.000)° (0.001)° (0.000)°

W (5) 0.0381 0.0294 -0.0037 0.0218 0.0432 0.0131 0.0161
(0.004)° (0.004)° (0.009) (0.006)° (0.006)° (0.014) (0.004)°

N (3) -0.0085 0.0272 -0.0400 -0.0022 0.0007 -0.0326 -0.0020
(0.006) (0.006)° (0.010)° (0.011) (0.006) (0.017)° (0.008)

W (3) -0.0036 0.0278 -0.0096 -0.0045 -0.0113 -0.0116 -0.0019
(0.005) (0.005)° (0.007) (0.006) (0.006)° (0.005)° (0.007)

0 (1) 0.0006 0.0225 -0.0096 0.0109 -0.0075 0.0001 -0.0028
i (0.007) (0.010)° (0.008) (0.008) (0.007) (0.008) (0.008)
LL -6186.37 -5337.12 -6668.74 -7657.95 -7425.67 -6927.79 -7090.60
Q:(12) 12.082 5.373 12.642 19.744° 36.472° 16.156 13.811
Q:(12) 20.012° 18.987° 20.971° 22.650° 23.059° 19.818° 21.070°

Note: 1. a, b and ¢ denote significantly at the 10%, 5% and 1% levels, respectively. 2. Numbers in parentheses at the row of parameters are standard errors. 3. LL
indicates the log-likelihood value. 4. The number inside the bracket that beside the parameter name denotes the total number of pairs of data that are significant at
this parameter. Moreover, the parameters in shade font denote that this parameter owns the greater the total number of pairs of data that are significant at this

parameter when B-GJR-GARCH and B-EGARCH models are compared each other.
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example, as shown in Table 4 parameter ¢ is all

significant except for pb-UDI hence the total number of

pairs of data that parameter ¢>" being significant is

equal to 6 for the B-GJR-GARCH model. On the

contrary, as shown in Table 5 parameter o[y is

significant for all 7 pairs of data hence the total number

of pairs of data that parameter ¢3)" being significant is

equal to 7 for the B-EGARCH model. Owing to the
above result, parameter ¢ in the B-EGARCH model

(7) owns the greater the total number of pairs of data

that %" parameter being significant as compared with

that parameter in the B-GJR-GARCH model (6).
Hence, as the QE effect is considered the B-EGARCH
model (15)'* has the better fitting ability than B-GJR-
GARCH (5) since 15 is greater than 5. Thus, | will
select the B-EGARCH model to explore the above

issues. Finally, Qf(lZ)test statistics are not significant

for most of seven pairs of data. Conversely, Q;(12) test

statistics are significant at the 10% level but the values
of the statistics are significantly lower than those
appearing in all panels of Table 1. These results
indicate that the serial correlation has been significantly
reduced in standard residuals, confirming that the
alternative B-GARCH models addressed in this study is
sufficient to correct the serial correlation of these seven
pairs of data returns series in the conditional variance
equation.

4.3. The
Phenomena

Exploration of Common Financial

Since the B-EGARCH model owns the better fitting
ability, thus | will use the results of Table 5 to explore
the above issues for the periods of pre-QE and QE.
Moreover, | divide the above issues into the following

six categories'®: return spillover effect (™%, 5%, %
and %), volatiity spillover effect (v, v,
v¥and v3"), risk premium (8%, 85, 5% and 6%°),
co-integrating relation (@l , @, % and @),
leverage effect (n’%, )%, n¥and n¥* ) and

correlative relation (wP® and 2)". Notably,

regarding the return and volatility spillover effects the
significance of corresponding parameters with lag 2
significantly decreases as compared with that with lag

"®The number in the bracket beside the model denotes the total number of
parameters that owns the greater the total number of pairs of data that are
significant at this parameter when B-GJR-GARCH and B-EGARCH models are
compared.

Since it is hard to investigate these issues via the empirical results of Table 5,
thus | only consider the parameters that are related to the above issues. For
example, in Table 5 the parameters which superscripts are “BQE” and “QE”.
"“The parameters inside the bracket beside six issues are the parameters that
are relate to the corresponding issues.

1. For instance, as reported in Table 5 parameter ¢

is significant for all seven pairs of data hence the total

number of pairs of data that parameter ¢ being
BQE

significant is equal to 7. Conversely, parameter ¢ is
significant only for Al-UDI, Sn-UDI and Zn-UDI hence

the total number of pairs of data that parameter 3"

being significant is equal to 3. These results indicate
that parameter ¢} owns the greater the total number

of pairs of data as compared with parameter ¢l .

Hence | use the parameters with lag 1 to explore the
above issues. Moreover, regarding co-integrating
relation | also consider the parameters with lag 1.

Subsequently, the empirical results of Table 5 is
used to explore the above six types of issues for the
periods of pre-QE and QE. The first category explores
the return spillover effect between the metal market in
LME and US exchange rate market. The values of
parameter o) range from -0.3510 (Pb-UDI) to
-0.1406 (Sn-UDI), whereas those of parameter ¢
are between -0.1907 (Al-UDI) and 0.1007 (Sn-UDI).
Notably, the values of parameters ¢ and o3 are

negative for all seven pairs of data except for ¢ of

Sn-UDI. Moreover, the values of parameter "

significantly exhibit negative for all pairs of data
whereas those of parameter ¢ are not significant,
with the exception of Al-UDI. These phenomena can
be inferred the fact that from the US exchange rate
market to metal market a negative return spillover
effect significantly subsists for the period pre-QE.
However, as the QE is executed this return spillover
effect disappears. On the contrary, the values of

parameter @53 range from -0.0203 (AI-UDI) to

-0.0066 (Ni-UDI), whereas those of parameter 3
are between 0.0083 (Zn—-UDI) and 0.0212 (Al-UDI).
Notably, all the values of parameter @52 are
significantly negative whereas most of the values of
parameter o3, are significantly positive. These results
imply that from the metal market to US exchange rate
market a negative return spillover effect significantly
subsists for the pre-QE period for all pairs of data.
However, as the QE is executed this negative return
spillover effect has been reversed to positive.

The second category investigates the volatility
spillover effect between the metal market in LME and
US exchange rate market. The values of parameter

vi% range from -0.0018 (Au—UDI) to 0.0465 (Sn—UDI)
whereas those of parameter v are between -0.0015
(Au—-UDI) and 0.0385 (Sn-UDI). Notably, all the values
of parameters v/ and v are significantly positive
for most of pairs of data, but nearly approach zero
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since the values of these two parameters are less than
0.01 for most of pairs of data, suggesting that the
volatility spillover effect from the US exchange rate
market to the metal market seems not to exist between
these two markets during these two periods. On the

other hand, the values of parameter vi% range from

-0.0021 (AI-UDI) to 0.0075 (Sn—UDI) whereas those of
parameter v¥" are between -0.0025 (Al-UDI) and
0.0103 (Au—-UDI). Notably, all the values of parameters
vi% and v3* are positive for most of pairs of data, but
nearly approach zero since the values of these two
parameters are less than 0.01 for most of pairs of data,
hinting that the volatility spillover effect from the metal
market to US exchange rates market seems not to
exist between these two markets during these two
periods.

The third category explores the risk premium in
each of these two markets. As to the volatility feedback
effect, the values of parameters §'® are significanlly
positive only for Al-UDI (0.1164) and Pb-UDI (0.2178)
whereas the values of parameters 8% are significanlly
positive only for Pb-UDI (0.1259) and Zn-UDI
(0.1351), indicating that regarding the metal market the
risk premium induced by volatility is not measured
during these two periods. On the contrary, the values of
parameter 8% range from 0.0595 (Au-UDI) to 0.0855
(Ni—-UDI) and are significantly positive for all pairs of
data, whereas the values of parameter &Y are
negative for all pairs of data. This result indicates that
regarding the US exchange rate market the risk
premium induced by volatility is measured only for the
period pre-QE, and further infers that risk-averse
investors in US exchange rate market need a higher
expected return as the risk is higher. However, as the
QE is executed the risk premium induced by volatility is
not measured. The fourth category explores the co-
integration relation in these two markets. The values of
parameter ¢}3° range from -0.0171 (Ni-UDI) to

0.0320 (Sn—-UDI) whereas those of parameter ¢ are
between -0.0482 (Sn-UDI) and 0.0254 (Ni-UDI).
Notably, the values of parameters ¢ and o3 are
significantly for all pairs of data. Moreover, regarding

each of pairs of data, the values of @Y are greater

than those of ¢}" in absolute value and the sign of

these two parameters is opposite. These results
indicate that the co-integration relation significantly
exists in the metal market for pre-QE and QE periods.
Moreover, as the QE is executed the speed of
adjustment back to equilibrium becomes greater and
the direction of this adjustment is reversed. As to

parameters @2 and %, the values of parameter

o5 range from —-0.0001 (Ni-UDI) to 0.0020 (Au-UDI)

whereas those of parameter ¢, are between -0.0033
(AI-UDI) and -0.0002 (Ni-UDI). Even through the

values of parameters @52 and @3, are significantly for

all pairs of data, but they all approach zero since the
values of these two parameters are less than 0.01 for
all seven pairs of data, indicating that the co-integration
relation does not exists in US exchange rates market
for these two periods. The fifth category explores the
leverage effect in these two markets. All the values of

parameters m'%" are not significanlly negative whereas

the values of parameters " are significanlly negative

only for Cu-UDI (-0.0400) and Sn-UDI (-0.0326),
indicating that the leverage effect does not exist in
metal market for pre-QE and QE periods. The same
phenomena are also discovered in US exchange rates

market since the values of parameters n}%" are

significanlly negative only for Pb-UDI (-0.0113) and
Sn-UDI (-0.0116) whereas all the values of parameters
ny" are not significanlly negative.

The last category explores the correlative relation
between these two markets. The values of parameter

o * range from -0.0039 (Sn-UDI) to -0.0002 (Pb-

UDI) whereas those of parameter o are between
-0.0229 (Sn-UDI) and -0.0003 (Zn-UDI). Notably, all

the values of parameters w}>® and % are negative.

Moreover, the values of parameter oY are greater

than those of parameter w[* in absolute value for

most pairs of data. These phenomena indicate that the
price trend of commodities in the metal market is
opposite that of the US exchange rate market.
Moreover, the degree of negative correlative
relationship is more obvious for the period of QE as
compared with the period pre-QE. Figure 3'° illustrates
the trend of the conditional correlation’® between the
metal market and US exchange rate market estimated
by B-EGARCH model for these seven pairs of data: |
can observe that the values of conditional correlation
coefficients are negative for most of the time and for all
seven pairs of data. Moreover, the values of conditional
correlation coefficients for the period of QE are
obviously greater than those for the period pre-QE in
absolute value for most pairs of data. Table 6 lists the
conditional correlation coefficients estimated by B-GJR-
GARCH and B-EGARCH models for these seven pairs
of data for all sample period (see Panel A), the period
pre-QE (see Panel B), and the period of QE (see Panel
C). With regard to these three periods, since the results

"*The shade area in Figure 3 denotes the period of QE executed.

"®The conditional correlation in Figure 3 and Table 6 is defined as
Pras = gy /s Ty where 1, denotes the covariance between the first and
second assets whereas n,, and h,, are respectively the variances of the first
and second assets. Please see equation (3) for more details.
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Figure 3: The conditional correlation between metal market and US exchange rates market estimated by the B-EGARCH-MX
model for overall period (a) Al-UDI (b) Au-UDI (c) Cu-UDI (d) Ni-UDI (e) Pb-UDI (f) Sn-UDI (g) Zn-UDI pair of data, where the
shade area denotes the period of QE execution.
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Table 6: The Conditional Correlation of Seven Metal-UDI Pairs of Data for B-GJR-GARCH and B-EGARCH Models

B-GJR-GARCH B-EGARCH
Mean Std. Dev Min. Mean Std. Dev Min. Max.
Panel A. The Overall period (2601 observations)
Al-UDI -0.2945 0.1827 -0.6807 0.0734 -0.2928 0.1816 -0.6646 0.0638
Au-UDI -0.5118 0.1590 -0.7891 0.0022 -0.5023 0.1533 -0.8531 -0.0247
Cu-UDI -0.2974 0.2520 -0.7703 0.1644 -0.2921 0.2418 -0.8037 0.1617
Ni-UDI -0.2329 0.1780 -0.6232 0.1062 -0.2312 0.1764 -0.6573 0.0933
Pb-UDI -0.2442 0.2170 -0.6956 0.2234 -0.2439 0.2179 -0.6943 0.2088
Sn-UDI -0.2321 0.1655 -0.5866 0.0662 -0.2190 0.1643 -0.6109 0.1390
Zn-UDI -0.2824 0.1701 -0.6283 0.1286 -0.2830 0.1706 -0.6595 0.1409
Panel B. The period of pre-QE (1616 observations)
Al-UDI -0.1774 0.1090 -0.5284 0.0734 -0.1725 0.1007 -0.5724 0.0638
Au-UDI -0.5352 0.1535 -0.7891 -0.0634 -0.5241 0.1481 -0.8531 -0.0843
Cu-UDI -0.1267 0.1366 -0.4779 0.1644 -0.1303 0.1340 -0.5113 0.1617
Ni-UDI -0.1110 0.0726 -0.3637 0.1062 -0.1093 0.0779 -0.3997 0.0933
Pb-UDI -0.1015 0.1181 -0.4767 0.2234 -0.0987 0.1154 -0.5075 0.2088
Sn-UDI -0.1158 0.0574 -0.3397 0.0662 -0.1066 0.0632 -0.3636 0.1390
Zn-UDI -0.1709 0.0909 -0.3662 0.1286 -0.1698 0.0888 -0.3521 0.1409
Panel C. The QE period (985 observations)
Al-UDI -0.4867 0.0962 -0.6807 -0.1467 -0.4901 0.0880 -0.6646 -0.1841
Au-UDI -0.4733 0.1604 -0.6932 0.0022 -0.4665 0.1552 -0.7209 -0.0247
Cu-UDI -0.5774 0.1045 -0.7703 -0.2542 -0.5576 0.1074 -0.8037 -0.2515
Ni-UDI -0.4329 0.1031 -0.6232 -0.0243 -0.4312 0.0886 -0.6573 -0.0784
Pb-UDI -0.4781 0.1158 -0.6956 -0.2459 -0.4822 0.1101 -0.6943 -0.2711
Sn-UDI -0.4230 0.0909 -0.5866 -0.1339 -0.4036 0.0995 -0.6109 -0.0425
Zn-UDlI -0.4653 0.0947 -0.6283 -0.2089 -0.4687 0.0916 -0.6595 -0.2093

Note: 1. Shade font denotes the maximum value of mean correlation in absolute value among two sub-periods (the periods of pre-QE and QE).

estimated by these three models are very similar, |
choose the results estimated by the B-EGARCH model
to explore the correlative relationship between the
metal market and US exchange rates market. The
mean of conditional correlation coefficients ranges from
-0.5023 (Au-UDI) to —-0.2190 (Sn-UDI) for the overall
period. Moreover, the mean of conditional correlation
coefficients ranges from -0.5241 (Au-UDI) to -0.0987
(Pb—UDI) for the period pre-QE, whereas they are
between -0.5576 (Cu-UDI) and -0.4036 (Sn-UDI)
during the period of QE. Notably, the mean values of
conditional correlation coefficients are negative for all
seven pairs of data. Moreover, the mean values of
conditional correlation coefficients for the period of QE
are obviously greater than those for the period pre-QE
in absolute value for most of the pairs of data. These
results imply that the price trend of commodities in the
metal market is opposite that of the US exchange rate
market. Moreover, the degree of negative correlative
relationship is more obvious for the period of QE as

compared with the period pre-QE. These phenomena
are consistent with those in the empirical results of
parameters o;>° and w2 . To sum up, | can presume

that the price of commodities in the metal market is
significantly affected by the price of USD in the US
exchange rate market and their price levels move in
opposite directions, contributing to a negative
correlation between these two markets.

From the above discussion, | obtain the following
conclusion'’. That is as the QE is executed some
financial phenomena are changed significantly. These
financial phenomena include the return spillover effect
from US exchange rates market to metal market in

"In the future research, | will use the commodities in the energy market to
explore the issues addressed by this study again since the commodities in this
market are also valued by US dollar. These results will be used to check the
robustness of statistical results found in this study.
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LME since the negative return spillover effect
disappears, and from metal market to US exchange
rates market since the negative return spillover is
changed into positive one; the co-integration relation in
the metal market since the speed of adjustment back to
equilibrium becomes greater and the direction of this
adjustment is reversed; the risk premium in US
exchange rates market since the volatility feedback
effect disappears; and the correlative relation between
these two markets since the degree of negative
correlative relationship becomes more obvious. As to
the remainder financial phenomena, they are similar for
the periods of pre-QE and QE. For example, the
volatility spillover effect between these two markets,
the risk premium in the metal market, the co-integration
relation in the US exchange rates market, and the
leverage effect in these two markets all don’t exist
during these two periods.

5. CONCLUSION

In this study, the vector error correction model
(VECM) with lag 2 is used to take into account any co-
integrating relationships between two variables. As to
the bivariate variance—covariance specification, two
asymmetric types of bivariate GARCH models are used
to estimate the conditional variance and covariance of
seven pairs of data for the periods of pre-QE and QE;
further, these results are utilized to explore how some
financial phenomena are changed as the QE is
executed. These seven pairs of data are composed of
the commodities in the metal market of LME and the
UDI representing the US exchange rates market.
These financial phenomena include both return and
volatility spillover effects, and the correlative
relationship between these two markets, and the co-
integration relation, the risk premium and leverage
effect in each of these two markets.

The empirical findings can be summarized as
follows. As the QE is executed some financial
phenomena are changed significantly. For example,
the return spillover effect from US exchange rates
market to metal market in LME since the negative
return spillover effect disappears, and from metal
market to US exchange rates market since the
negative return spillover is changed into positive one;
the co-integration relation in metal market since the
speed of adjustment back to equilibrium becomes
greater and the direction of this adjustment is reversed;
the risk premium in US exchange rates market since
the volatility feedback effect disappears; and the
correlative relation between these two markets since

the degree of negative correlative relationship becomes
more obvious. As to the remainder financial
phenomena, they are similar for the periods of pre-QE
and QE.

Based on the above findings regarding the QE
policy be implemented, several important policy
implications are proposed in this study, and are
expressed as follows. First, as shown in the result of
the return spillover effect, the investors can predict the
return of US exchange rate market today from the
return of metal market in LME yesterday. For example,
the negative return spillover from the metal market to
US exchange rate market is changed into positive one
as the QE is executed, indicating that if the value of
return for metal market in LME increased (resp.
decreased) yesterday, then that for US exchange rate
market will decrease (resp. increase) today. However,
as the QE is executed the above phenomena will
change. That is, if the value of return for metal market
in LME increased (resp. decreased) yesterday, then
that for US exchange rate market will also increased
(resp. decreased) today. Second, as reported in the
result of correlative relation, the investors can predict
the price trend of commodities in the metal market from
that in US exchange rate market and vice versa. For
instance, if the USD depreciates (appreciate) then the
price of metal commodities will increase (decrease).
Notably, as the QE is executed the above two
phenomena are more obvious. Third, as observed from
the results of the volatility feedback effect, investors
should invest in the US exchange rate market for pre-
QE period since they can earn a higher expected return
due to the greater market risk. However, as the QE is
performed, the investors should terminate the
investment since they can’t earn the higher expected
return.
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