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Surprise Volume and Heteroskedasticity
in Equity Market Returns
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Table 1: Model Estimation Results—AIC

GARCH-M models M1 and M2 to M7 with moving average abnormal volume, ut,MA,p.

M1 M2 M3 M4 M5 M6 M7

AEX
�6.69 -6.62- -6.71 -6.72* -6.65- -6.69 -6.77**

CAC
�6.27* -6.27* -6.27* -6.27* -6.28** -6.23- -6.28**

DAX
�6.30 -6.27- -6.30 -6.35 -6.36 -6.37* -6.41**

FTS
�6.91 -6.83- -6.93 -6.95* -6.83- -6.86- -6.97**

HSI
�5.90 -5.75- -5.91 -5.92* -5.83- -5.86- -6.00**

SPX
�6.94 -6.81- -6.93- -6.97* -6.90- -6.95 -7.04**

TPX
�6.48* -6.40- -6.48* -6.48* -6.46- -6.42- -6.53**

** denotes smallest, * denotes second smallest AIC among the model specifications; - denotes AIC larger than for model M1.



Table 2: Model Estimation Results—AIC

GARCH-M models M1 and M2 to M7 with Hodrick/Prescott abnormal volume, ut,HP,p

M1 M2 M3 M4 M5 M6 M7

AEX
�6.69 -6.59- -6.71 -6.72 -6.59- -6.73* -6.77**

CAC
�6.27* -6.27* -6.08- -6.27* -6.28** -6.18- -6.28**

DAX
�6.30 -6.23- -6.34 -6.35 -6.33 -6.39* -6.45**

FTS
�6.91 -6.81- -6.91 -6.95* -6.81- -6.87- -6.97**

HSI
�5.90 -5.72- -5.93 -5.94 -5.80- -6.01* -6.02**

SPX
�6.94 -6.77- -6.93- -6.99* -6.79- -6.96 -7.07**

TPX
�6.48* -6.48* -6.40- -6.48* -6.44- -6.43- -6.52**

** denotes smallest, * denotes second smallest AIC among the model specifications; - denotes AIC larger than for model M1.



Table 3: Model Estimation Results—AIC

GARCH-M models M1 and M2 to M7 with moving average unexpected abnormal volume, ut,MA,,f

M1 M2 M3 M4 M5 M6 M7

AEX
�6.69 -6.60- -6.68- -6.74* -6.61- -6.70 -6.79**

CAC
�6.27 -6.27 -6.27 -6.27 -6.28* -6.25- -6.29**

DAX
�6.30 -6.33 -6.39 -6.45* -6.32 -6.20- -6.55**

FTS
�6.91 -6.82- -6.82- -6.96* -6.80- -6.87- -6.97**

HSI
�5.90 -5.78- -5.95 -6.00* -5.82- -5.99 -6.07**

SPX
�6.94 -6.81- -6.92- -7.00* -6.80- -6.94 -7.11**

TPX
�6.48 -6.33- -6.47- -6.53* -6.29- -6.49 -6.57**

** denotes smallest, * denotes second smallest AIC among the model specifications; - denotes AIC larger than for model M1.



Table 4: Model Estimation Results—AIC

GARCH-M models M1 and M2 to M7 with Hodrick/Prescott unexpected abnormal volume, ut,HP,f

M1 M2 M3 M4 M5 M6 M7

AEX
�6.69 -6.58- -6.69 -6.75* -6.59- -6.67- -6.81**

CAC
�6.27 -6.27 -6.26- -6.27 -6.28* -6.26- -6.29**

DAX
�6.30 -6.32 -6.39 -6.45* -6.42 -6.25- -6.55**

FTS
�6.91 -6.81- -6.89- -6.96* -6.80- -6.86- -6.99**

HSI
�5.90 -5.80- -5.97 -6.02* -5.78- -5.97 -6.08**

SPX
�6.94 -6.80- -6.93- -7.05* -6.80- -6.94 -7.11**

TPX
�6.48 -6.28- -6.34- -6.53* -6.29- -6.50 -6.58**

** denotes smallest, * denotes second smallest AIC among the model specifications; - denotes AIC larger than for model M1.



Table 5: Diagnostics for Standard and Surprise Volume Models

Empirical fit of the GARCH model M1 and the models M4 and M7 each with moving average unexpected abnormal volume, ut,MA,f. AIC is the
Akaike information criterion derived as the log-likelihood lnL at the estimated parameter vector penalized for the number of parameters. LR
denotes the likelihood-ratio statistic for model M4 and M7 each with respect to model M1, which asymptotically follows a central chi-square
distribution with degrees of freedom equal to 1 and 2, and corresponding single-sided critical values at the 95% level are 3.84 and 5.99,
respectively. The s-statistic denotes sample skewness, the k-statistic sample excess kurtosis of the raw returns rt or the fitted standardized
model residuals. Q(5) and LM(5) denote the Ljung/Box Q-statistic and the Engle Lagrange-multiplier LM-statistic for the standardized squared
residuals at lag 5, respectively. Both asymptotically follow a central chi-square distribution with 5 degrees of freedom, where the single-sided
critical value at the 95% level is 11.07. Note that unreported Q(5)-statistics for the squared returns are highly significant for all markets.

rt

s
k

M1

AIC
lnL

s
k

Q(5)
LM(5)

M4

AIC
LR

s
k

Q(5)
LM(5)

M7

AIC
LR

s
k

Q(5)
LM(5)

AEX –0.50
4.63

−6.69
8458

–0.78
5.02

1.74
1.73

−6.74
124**

−0.59
3.04

7.65
7.71

−6.79
246**

−0.63
2.75

8.81
9.03

CAC –0.19
3.28

−6.27
7927

–0.46
3.67

0.86
0.86

−6.27
3.41

−0.45
3.79

0.95
0.95

−6.29
46**

−0.33
2.49

1.79
1.80

DAX –1.05
15.34

−6.30
7966

−1.34
15.37

0.88
1.05

−6.45
372**

−0.71
2.90

36.45*
36.67*

−6.55
618**

−0.70
2.09

13.70*
13.50*

FTS 0.057
2.25

−6.91
8728

−0.01
1.26

3.93
3.97

−6.96
122**

−0.20
0.64

59.40*
54.46*

−6.97
165**

−0.14
0.47

4.40
6.77

HSI –1.93
37.53

−5.90
7143

−0.74
6.42

1.78
1.77

−6.00
236**

−0.71
3.96

2.88
2.89

−6.07
404**

−0.70
2.87

1.41
1.42

SPX –0.50
6.53

−6.94
8769

−0.74
6.48

1.04
1.06

−7.00
140**

−0.53
2.83

3.07
3.43

−7.11
428**

−0.54
1.60

8.42
7.69

TPX 0.28
6.77

−6.48
8184

0.17
2.57

2.78
2.70

−6.53
124**

−0.24
1.71

11.86*
13.16*

−6.57
252**

−0.23
1.13

2.60
2.33

* denotes significance at the 95% level, ** denotes rejection of model M1 against the unrestricted alternative model at the 95% level.



Table 6: Estimation Results Model M1—Parameters

GARCH-M model M1. The t-statistics are based on variance estimates according to Bollerslev and Wooldridge (1992).

π

ρ λ ω0 ω1 ω2 ω3 ω4 ω5

AEX
(0.9413)

0.0259
(1.20)

2.66
(0.53)

4.57 10−6*
(3.04)

0.0551*
(2.80)

0.0684
(1.84)

0.852*
(32.25)

-- --

CAC
(0.9234)

0.0491*
(2.32)

8.22
(1.33)

8.91 10−6*
(2.76)

0.0241
(1.70)

0.0926*
(3.32)

0.853*
(27.46)

-- --

DAX
(0.9057)

0.0483
(1.87)

2.81
(0.66)

1.21 10−5*
(2.39)

0.0457
(1.87)

0.158
(1.51)

0.781*
(13.22)

-- --

FTS
(0.9693)

0.0615*
(2.91)

17.81*
(2.23)

1.87 10−6*
(3.65)

0.0336*
(2.88)

0.0333*
(2.53)

0.919*
(61.40)

-- --

HSI
(0.9308)

0.138*
(5.44)

1.19
(0.47)

1.47 10−5*
(3.21)

0.0543
(1.86)

0.193*
(3.12)

0.780*
(21.32)

-- --

SPX
(0.9591)

0.0431*
(2.13)

6.66
(1.28)

2.68 10−6*
(3.13)

0.0187
(1.24)

0.0908*
(3.17)

0.895*
(37.02)

-- --

TPX
(0.9894)

0.120*
(5.51)

0.315
(0.12)

2.03 10−6*
(3.66)

0.0304*
(2.17)

0.144*
(4.49)

0.887*
(59.51)

-- --

* denotes significance for a double-sided test at the 95% confidence level.



Table 7: Estimation Results Model M4—Parameters

GARCH-M model M4 with moving average unexpected abnormal volume, ut,MA,f. The t-statistics are based on variance estimates according to
Bollerslev and Wooldridge (1992).

π

ρ λ ω0 ω1 ω2 ω3 ω4 ω5

AEX
(0.8670)

0.0229
(0.94)

7.25
(1.84)

3.23 10−6*
(2.34)

0.0580*
(2.40)

0.196*
(3.16)

0.711*
(17.88)

7.62 10−5*
(4.99)

--

CAC
(0.8987)

0.0500*
(2.35)

8.25
(1.20)

9.88 10−6

(1.71)
0.0197
(1.21)

0.108*
(3.68)

0.825*
(16.86)

1.92 10−5

(1.28)

DAX
(0.5262)

-0.0132
(-0.49)

17.80*
(3.03)

2.21 10−5*
(7.33)

0.0507
(1.65)

0.291*
(4.09)

0.330*
(7.27)

3.84 10−4*
(6.49)

FTS
(0.2866)

0.0296
(1.25)

38.56*
(4.48)

2.77 10−5*
(8.71)

0.0061
(0.31)

0.121*
(3.36)

0.220*
(3.64)

1.87 10−6*
(3.65)

HSI
(0.8089)

0.0954*
(3.88)

6.03*
(5.66)

9.62 10−6

(1.55)
0.0334
(0.84)

0.329*
(4.75)

0.611*
(9.72)

2.57 10−4*
(6.55)

SPX
(0.9074)

0.0394
(1.91)

13.63*
(4.32)

-2.24 10−9

(-0.00)
0.0019
(0.11)

0.159*
(4.81)

0.826*
(36.94)

2.10 10−5*
(5.17)

TPX
(0.7826)

0.111*
(4.71)

16.14*
(6.34)

8.05 10−6*
(3.47)

0.0261
(0.93)

0.387*
(7.53)

0.563*
(15.14)

1.77 10−4*
(7.53)

* denotes significance for a double-sided test at the 95% confidence level.



Table 8: Estimation Results Model M7—Parameters

GARCH-M model M7 with moving average unexpected abnormal volume, ut,MA,f. The t-statistics are based on variance estimates according to
Bollerslev and Wooldridge (1992).

π

ρ λ ω0 ω1 ω2 ω3 ω4 ω5

AEX
(0.8234)

-0.0009
(-0.04)

10.53*
(2.02)

5.95 10−6*
(2.77)

0.0319
(1.59)

0.117*
(2.71)

0.733*
(10.45)

1.99 10−4*
(10.35)

-1.49 10−4*
(-8.08)

CAC
(0.9301)

0.0419*
(2.03)

8.24
(1.90)

6.00 10−6*
(2.64)

0.0109
(0.87)

0.0984*
(4.24)

0.870*
(36.55)

1.64 10−4*
(3.15)

-1.43 10−4*
(-2.66)

DAX
(0.9266)

-0.0483*
(-2.50)

17.21*
(4.98)

1.42 10−6*
(2.13)

0.0399*
(3.60)

0.0533*
(2.89)

0.860*
(57.92)

4.74 10−4*
(7.18)

-4.02 10−4*
(-7.17)

FTS
(0.9182)

0.0299
(1.42)

22.31*
(2.86)

2.31 10−6*
(2.32)

0.0339*
(2.65)

0.0565*
(3.41)

0.856*
(22.74)

1.13 10−4

(1.67)
-8.96 10−5

(-1.33)

HSI
(0.8789)

0.0611*
(2.77)

6.63*
(3.90)

6.17 10−6*
(2.12)

0.0469
(1.81)

0.124*
(2.61)

0.770*
(24.41)

5.16 10−4*
(9.22)

-3.86 10−4*
(-7.72)

SPX
(0.8382)

0.0235
(1.24)

12.93*
(2.77)

4.20 10−6*
(4.24)

0.0012
(0.08)

0.132*
(5.31)

0.771*
(18.54)

4.05 10−4*
(9.30)

-3.22 10−4*
(-8.35)

TPX
(0.9581)

0.0954*
(4.69)

12.21*
(4.33)

1.30 10−6*
(1.96)

0.0188
(1.86)

0.150*
(5.56)

0.858*
(48.34)

1.47 10−4*
(5.09)

-1.14 10−4*
(-4.37)

* denotes significance for a double-sided test at the 95% confidence level..



Table 9: Scheme for Conditional Variance Effects

Approximate scheme of dominating leverage and surprise volume effects in model M7. Arrows and dots indicate the direction of the variables,
namely contemporaneous surprise volume, lagged surprise volume and lagged squared negative return innovations. Double arrows indicate a
stronger associated change in conditional variance.

conditional
market variance

↑ • ⇑ ↑ • ↓ ↑ •

contemporaneous
surprise volume

(ω4)

↑ • ↑ • ↑ • ↑ •

lagged surprise
volume

(ω5)

↑ ↑ • • ↑ ↑ • •

lagged negative
squared return
innovation (ω2)

↑ ↑ ↑ ↑ • • • •

interpretation
”bad news

and constant
surprise volume“

“bad news and
surprise volume

breakdown“

“bad news and
surprise volume

shock“

“bad news”
⇔ pure

“leverage effect“

“constant
surprise
volume“

“surprise
volume

breakdown“

“surprise
volume
shock“

“no event“


