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We cover the period between January 1996 and February 2009 for a total of 7" = 3261
observations for each series. We make use of the Oxford Man Institute (OMI) Realized
Library (Shephard and Sheppard (2010)) data for daily returns and realized kernels for
ten important indices together with the range computed using the daily highs and lows
downloaded from Datastream. The tickers and names are: DJ30 (Dow Jones Industri-
als), S&P500 (S&P 500), NASD100 (Nasdaq 100), S&P400 (S&P 400 Midcap), TOS60
(S&P Toronto Stock Exchange), CAC40 (French CAC 40), FTSE100 (UK FTSE 100),
DAX30 (German DAX), IBEX35 (Spanish IBEX), NIKKEI225 (Japanese Nikkei 225).
All measures are expressed in annualized percentage terms.

This Web Appendix reports extended results commented in the text and those relative
to the five tickers non included in the paper (TOS60, CAC40, DAX30, IBEX35 and
NIKKEI225).

Further insights from the results can be gained by calculating the Wald test statistics for
three joint hypotheses of interest which would strongly characterize the dynamics of the
variables involved and the interactions between the two indicators. Relative to the unre-
stricted model with coefficients (20) in the text, we have

1. GARCH + HEAVY-RM, corresponding to a test of Hy : a19 = 0, g1 = 0;
2. HEAVY-R + HEAVY-RM, corresponding to a test of Hy : 11 = 0, g1 = 0;
3. GARCH-X + HEAVY-RM, corresponding to a test of H : cve; = 0.

We show the p-values of such tests in Table 3.
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Table 4: Unrestricted bivariate vVMEM: p-values of Ljung-Box test statistics at lags
12, 22, 32 across various choices of measures and estimation methods (variance mea-
sures equation—by—equation, volatility measures equation—by—equation, volatility mea-
sures joint estimation).

(ri;rof) (Irefs roe) (Irels roe)

Lag Ticker eq.—by—eq. estimation eq.—by—eq. estimation joint estimation
12 DJINDUS 0.0589 0.0001 0.0002
S&PCOMP 0.0086 0.0002 0.0005
NASA100 0.0000 0.0000 0.0000
S&PMIDC 0.0000 0.0000 0.0000
TTOSP60 0.0261 0.0000 0.0001
FRCAC40 0.0001 0.0000 0.0000
FTSE100 0.0000 0.0000 0.0000
DAXINDX 0.0002 0.0000 0.0000
IBEX35 0.0001 0.0000 0.0000
JAPDOWA 0.0000 0.0000 0.0000
22 DIJINDUS 0.1844 0.0043 0.0054
S&PCOMP 0.0070 0.0014 0.0024
NASA100 0.0000 0.0000 0.0000
S&PMIDC 0.0000 0.0000 0.0000
TTOSP60 0.1244 0.0002 0.0002
FRCAC40 0.0052 0.0000 0.0000
FTSE100 0.0103 0.0000 0.0000
DAXINDX 0.0018 0.0000 0.0000
IBEX35 0.0030 0.0000 0.0000
JAPDOWA 0.0000 0.0000 0.0000
32  DJINDUS 0.3505 0.0137 0.0157
S&PCOMP 0.0350 0.0027 0.0058
NASA100 0.0000 0.0000 0.0000
S&PMIDC 0.0000 0.0000 0.0000
TTOSP60 0.0003 0.0001 0.0001
FRCAC40 0.0710 0.0000 0.0000
FTSE100 0.0743 0.0000 0.0000
DAXINDX 0.0002 0.0000 0.0000
IBEX35 0.0490 0.0000 0.0000
JAPDOWA 0.0001 0.0000 0.0000




Table 5: Bivariate vVMEM on absolute returns and realized kernel volatility. P—values
of the Wald test statistics on joint zero restriction hypotheses imposed on the model by
column in order to get the model by row. Models are alternative specifications of Equa-
tion (9) where a combination of ”d”, ”’f” or ”0” characterize the oy, oo, 71, (31 matrices
as diagonal, full, or zero.

Ticker a, ay v, [ fddd ffdd ffdf

DJ30 0.0000 0.0000 0.0000

0.0022  0.0000

0.0000

0.0000 0.0000 0.0000
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0.0000
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Table 6: Joint Ljung—Box statistics at different lags for different specifications of a bi-
variate VMEM on absolute returns and realized kernel volatility. Matrices included in the

specification appear with superscripts (d) when they are diagonal, and with (f) when full.
agf) Bid) (f) (d) (f) o) ) )

ap oy o 2 a0y
Lag Ticker 718w e v

12 DJ30 0.0002 0.0126 0.0755 0.0162
S&P500 0.0005 0.0532 0.2138 0.0992
NASD100 0.0000 0.0000 0.0000 0.0015
S&P400 0.0000 0.0000 0.0000 0.0135
TOS60 0.0001 0.0016 0.0197 0.0028
CAC40 0.0000 0.0000 0.0004 0.0001
FTSE100 0.0000 0.0004 0.0033 0.0018
DAX30 0.0000 0.0002 0.0042 0.0023
IBEX35 0.0000 0.0002 0.0433 0.0245
NIKKEI225  0.0000 0.0008 0.0038 0.0015

22 DJ30 0.0048 0.1215 0.3479 0.1389
S&P500 0.0021 0.1133 0.3121 0.1076
NASD100 0.0000 0.0000 0.0019 0.0573
S&P400 0.0000 0.0000 0.0066 0.2187
TOS60 0.0002 0.0034 0.0273 0.0110
CAC40 0.0000 0.0000 0.0003 0.0001
FTSE100 0.0000 0.0093 0.0413 0.0431
DAX30 0.0000 0.0001 0.0009 0.0007
IBEX35 0.0000 0.0001 0.0220 0.0822
NIKKEI225  0.0000 0.0017 0.0086 0.0096

32  DJ30 0.0130 0.2237 0.4414 0.1690
S&P500 0.0046 0.1872 0.3546 0.1553
NASD100 0.0000 0.0000 0.0006 0.0416
S&P400 0.0000 0.0000 0.0117 0.2535
TOS60 0.0001 0.0024 0.0138 0.0085
CAC40 0.0000 0.0000 0.0004 0.0003
FTSE100 0.0000 0.0122 0.0586 0.0746
DAX30 0.0000 0.0000 0.0005 0.0006
IBEX35 0.0000 0.0000 0.0052 0.0381

NIKKEI225  0.0000 0.0033 0.0180 0.0385
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Table 9: P—values of the joint Ljung-Box statistics at different lags on four specifications
of a trivariate VMEM on absolute returns, realized kernel volatility and high-low range.
Matrices included in the specification appear with superscripts (d), when they are diago-
nal and with ( f) when full).

ol g9 oD ol oD ol QD o)
Lag Ticker R S T S T
12 DI30 0.0000  0.0005  0.0166  0.1074
S&P500 0.0000  0.0002  0.0680  0.1887
NASDIO0  0.0000  0.0000  0.0000  0.0001
S&P400 0.0000  0.0000  0.0001  0.0156
TOS60 0.0000  0.0000  0.0414  0.1554
CAC40 0.0000  0.0000  0.0042  0.0057
FTSEI00  0.0000  0.0000  0.0881  0.0743
DAX30 0.0000  0.0000  0.0000  0.0011
IBEX35 0.0000  0.0000  0.0504  0.0417
NIKKEI225  0.0000  0.0000  0.0094  0.0200
22 DI30 0.0005  0.0252  0.1972  0.4067
S&P500 0.0000  0.0003  0.1020  0.0877
NASDI00  0.0000  0.0000  0.0000  0.0000
S&P400 0.0000  0.0000  0.0181  0.2376
TOS60 0.0000  0.0001  0.1030  0.4377
CAC40 0.0000  0.0000  0.0020  0.0032
FTSEI00  0.0000  0.0004  0.1475  0.2672
DAX30 0.0000  0.0000  0.0000  0.0003
IBEX35 0.0000  0.0000  0.0801  0.2637
NIKKEI225  0.0000  0.0000  0.0071  0.0592
32 DJ30 0.0005  0.0213  0.1331 03197
S&P500 0.0000  0.0005  0.0940  0.1088
NASDI00  0.0000  0.0000  0.0000  0.0002
S&P400 0.0000  0.0000  0.0885  0.5170
TOS60 0.0000  0.0000  0.0062  0.0654
CAC40 0.0000  0.0000  0.0036  0.0036
FTSEI00  0.0000  0.0001  0.0638 02116
DAX30 0.0000  0.0000  0.0000  0.0025
IBEX35 0.0000  0.0000  0.0217  0.0914

NIKKEI225  0.0000 0.0000 0.0011 0.0522

10



Table 10: P-values of the non—causality tests for a trivariate VMEM on absolute returns,

(£

(f)

(d)

realized kernel volatility and high-low range. The specification is oy'’, a5, v,
%f)_

Null hypothesis  DJ30  S&P500 NASDI100 S&P400 TOS60
|r| <~ rv 0.0000  0.0000 0.0000 0.0000 0.0000
|r| <~ hi 0.0000  0.0086 0.0157 0.0002 0.0100
TV < |r| 0.0062  0.0000 0.0000 0.0000 0.0000
rv <~ hl 0.0000  0.0000 0.0000 0.0000 0.0000
hl « |r| 0.0000 - - - -

hl < rv 0.0000  0.0000 0.0000 0.0000 0.0000
|r| <~ rv, hl 0.0000  0.0000 0.0000 0.0000 0.0000
TV < |r|, hi 0.0000  0.0000 0.0000 0.0000 0.0000
hl < |r|,rv 0.0000  0.0000 0.0000 0.0000 0.0000
Null hypothesis CAC40 FTSE100 DAX30 IBEX35 NIKKEI225
|| <~ rv 0.0000  0.0000 0.0000 0.0000 0.0000
|r| <~ hi - - 0.0004 0.0001 0.0000
rv <« |r| 0.0000  0.0001 0.0000 0.0000 0.0181
rv <~ hl 0.0000  0.0000 0.0000 0.0000 0.0000
hl « |r| 0.0464  0.0001 0.0042 0.0001 -

hl < rv 0.0000  0.0000 0.0000 0.0000 0.0000
|r| <~ rv, hl 0.0000  0.0000 0.0000 0.0000 0.0000
rv <« |r|, hl 0.0000  0.0000 0.0000 0.0000 0.0000
hl <« |r|,rv 0.0000  0.0000 0.0000 0.0000 0.0000
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