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Table I: Estimates of the GEV for Absolute Returns and Abnormal Volume

The Table gives parameter estimates of marginal extreme value distributions for the maxima of the absolute returns |rt| and the uncorrelated
abnormal volume data ut,2. The estimates are calculated by maximum likelihood if not otherwise stated. lnL is the log-likelihood at the
estimated parameter vector.

max(|rt|) max(ut,2)
µ ψ ξ lnL µ ψ ξ lnL

AEX 0.0153
(0.000703)

0.00619
(0.000475)

0.251
(0.0808)

396.4 0.431
(0.0196)

0.192
(0.0167)

0.160‡
(0.120)

–2.45

CAC 0.0194
(0.000656)

0.00627
(0.000539)

0.194
(0.0777)

399.2 0.395
(0.0161)

0.160
(0.0170)

0.306
(0.106)

9.94

DAX 0.0175
(0.000839)

0.00764
(0.000693)

0.298
(0.0811)

368.6 0.414
(0.0247)

0.216
(0.0209)

0.294
(0.118)

–25.8

FTS 0.0143
(0.000449)

0.00432
(0.000384)

0.213
(0.0991)

441.6 0.322
(0.0138)

0.128
(0.0109)

0.309
(0.0753)

35.5

HSI 0.0223
(0.000951)

0.00876
(0.000807)

0.438
(0.0848)

342.8 0.465
(0.0192)

0.187
(0.0167)

−0.0630‡
(0.0599)

15.8

SPX 0.0143
(0.000545)

0.00526
(0.000480)

0.230
(0.0741)

417.6 0.252
(0.0119)

0.112
(0.00944)

0.0910‡
(0.0702)

66.4

TPX 0.0186
(0.00110)

0.00724
(0.000963)

0.268
(0.0707)

354.4† 0.419
(0.0187)

0.183
(0.0160)

0.0764‡
(0.102)

8.93

All estimates apart form those marked with ‡ are significantly different from zero at the 95% confidence level. † PWM parameter estimate since MLE does not converge after a
given maximum of 100 iterations, ln L is calculated at the estimated PWM parameters.
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Table II: Empirical Fit of Alternative GARCH Models

AIC is the Akaike information criterion derived as the log-likelihood at the estimated parameter vector penalized for the number of parameters.
The s-statistic denotes sample skewness, the k-statistic sample excess kurtosis of the returns rt or the fitted model residuals. ut,1 denotes
abnormal logarithmic volume, ut,2 denotes uncorrelated abnormal logarithmic volume.

rt:

s
k

Model 1:

AIC s
k

Model 2
ut,1:
AIC s

k

ut,2:
AIC s

k

Model 3
ut,1 > 0:

AIC s
k

ut,2 > 0:
AIC s

k

AEX –0.267
5.51

−6.65 –0.610
5.86

−6.52 –0.287
5.00

−6.55 –0.494
3.73

−6.67 –0.394
4.10

−6.69˜ –0.313
3.80

CAC –0.156
3.11

−6.25 –0.441
3.67

–6.25 –0.397
3.12

−6.26˜ –0.441
3.51

–6.25 –0.437
3.57

−6.25 –0.444
3.83

DAX –0.961
14.57

−6.28 −1.27
15.83

–6.20 –1.483
17.31

−6.31 –1.17
10.15

–6.32 –0.601
5.92

−6.42˜ –0.542
3.44

FTS 0.0617
2.19

−6.90 −0.00631
1.24

–6.80 –0.0360
1.19

−6.82 –0.0565
1.11

–6.94 –0.223
0.917

−6.95˜ –0.179
0.630

HSI –1.88
37.31

−5.92 −0.730
6.41

–5.75 –1.41
14.07

−5.82 –1.34
12.67

–5.95 –0.532
5.01

−6.03˜ –0.691
3.92

SPX –0.671
7.96

−6.90 −1.00
8.45

−6.71 –0.750
7.47

−6.79 –0.528
4.54

−6.95 –0.602
4.05

−6.98˜ –0.892
6.67

TPX 0.337
6.93

−6.47 0.249
2.84

–6.47 0.249
2.84

−6.29 –0.0455
2.93

−6.47 0.251
2.86

−6.51˜ –0.0329
2.67

˜ denotes minimal AIC among all five GARCH-M specifications.



Table III: Parameters of the GEV for Absolute GARCH-M Model Residuals

The Table gives parameter estimates of marginal extreme value distributions for the maxima of the absolute fitted residuals from model 2 and
model 3 each with uncorrelated abnormal volume in the conditional variance equation. The estimates are calculated by maximum likelihood if
not otherwise stated. lnL is the log-likelihood at the estimated parameter vector.

Model 2 Model 3
µ ψ ξ lnL µ ψ ξ lnL

AEX 0.0153
(0.000702)

0.00615
(0.000468)

0.240
(0.0835)

397.8 0.0153
(0.000705)

0.00616
(0.000469)

0.238
(0.0841)

397.8

CAC 0.0194
(0.000671)

0.00515
(0.000636)

0.178
(0.0723)

398.7 0.0194
(0.000668)

0.00634
(0.000522)

0.181
(0.0736)

398.8

DAX 0.0172
(0.000815)

0.00750
(0.000651)

0.309
(0.0821)

370.1 0.0171
(0.000782)

0.00721
(0.000673)

0.345
(0.0860)

372.3

FTS 0.0143
(0.000467)

0.00449
(0.000395)

0.183‡
(0.0982)

439.1 0.0142
(0.000472)

0.00456
(0.000429)

0.188‡
(0.111)

480.4

HSI 0.0219
(0.000965)

0.00871
(0.000841)

0.464
(0.0918)

327.1 0.0216
(0.000928)

0.00848
(0.000825)

0.474
(0.0883)

329.6

SPX 0.0142
(0.000535)

0.00524
(0.000482)

0.197
(0.0744)

420.4 0.0138
(0.000520)

0.00522
(0.000573)

0.238
(0.0912)

418.1

TPX 0.0167
(0.000686)

0.00646
(0.000565)

0.253
(0.0545)

363.9† 0.0166
(0.000674)

0.00602
(0.000581)

0.246
(0.0542)

364.7†

All estimates apart form those marked with ‡ are significantly different from zero at the 95% confidence level. † PWM parameter estimate since MLE does not converge after a
given maximum of 100 iterations, ln L calculated at the estimated PWM parameters.
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Table IV: Time Series Properties of the GARCH Model Residuals

Sample autocorrelations, partial autocorrelations and Ljung-Box Q-statistics for the standardized residuals and squared standardized residuals
of model 3 with uncorrelated positive abnormal volume in the conditional variance equation.

lag l ε /σ: SACF SPACF Q(l) Prob. ε2 /σ2: SACF SPACF Q(l) Prob.

AEX 1 0.024 0.024 1.5333 0.216 -0.045** -0.045** 5.3350** 0.021
2 -0.010 -0.011 1.8151 0.404 -0.011 -0.013 5.6400 0.060
3 0.032 0.032 4.4472 0.217 0.019 0.018 6.6170 0.085
4 0.007 0.005 4.5688 0.334 0.049** 0.050** 12.751** 0.013

CAC 1 0.004 0.004 0.0393 0.843 -0.017 -0.017 0.7358 0.391
2 0.009 0.009 0.2414 0.886 0.001 0.001 0.7411 0.690
3 -0.002 -0.002 0.2485 0.969 0.004 0.005 0.7932 0.851
4 0.041** 0.041** 4.5709 0.334 0.009 0.009 0.9939 0.911

DAX 1 0.068** 0.068** 12.061** 0.001 -0.024 -0.024 1.5002 0.221
2 0.006 0.001 12.149** 0.002 0.020 0.020 2.5788 0.275
3 0.036 0.035 15.450** 0.001 0.065** 0.066** 13.633** 0.003
4 0.010 0.006 15.728** 0.003 0.069** 0.072** 25.912** 0.000

FTS 1 0.025 0.025 1.6359 0.201 -0.014 -0.014 0.5258 0.468
2 0.019 0.018 2.5490 0.280 0.092** 0.092** 22.253** 0.000
3 -0.009 -0.010 2.7728 0.428 0.076** 0.080** 37.291** 0.000
4 -0.004 -0.004 2.8248 0.588 0.029 0.023 39.449** 0.000

HSI 1 0.051** 0.051** 6.3062** 0.012 -0.013 -0.013 0.4148 0.520
2 0.043** 0.040** 10.840** 0.004 -0.017 -0.017 1.1223 0.571
3 0.078** 0.074** 25.886** 0.000 0.024 0.023 2.4945 0.476
4 0.041** 0.032 29.971** 0.000 -0.007 -0.007 2.6229 0.623

SPX 1 -0.006 -0.006 0.0974 0.755 -0.005 -0.005 0.0720 0.788
2 -0.019 -0.019 1.0718 0.585 0.034 0.034 2.9721 0.226
3 -0.042** -0.042** 5.5432 0.136 0.047** 0.047** 8.5735** 0.036
4 -0.026 -0.027 7.2670 0.122 0.034 0.034 11.584** 0.021

TPX 1 0.039** 0.039** 3.8554** 0.050 -0.021 -0.021 1.0949 0.295
2 0.038 0.037 7.6628** 0.022 -0.021 -0.021 2.1792 0.336
3 0.032 0.029 10.342** 0.016 0.010 0.009 2.4277 0.489
4 0.048** 0.044** 16.212** 0.003 0.010 0.010 2.6694 0.615

** denotes significance at the 95% confidence level. Note that the assumed 1/√T standard errors for the sample (partial) autocorrelations are conservative bounds when testing for
dependence in the squared residuals (see the discussion in the text part).
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Table V: GARCH Model without Volume Variable

Estimation results for the GARCH-M model without volume variable (model 1). The t-statistics are based on variance estimates according to
Bollerslev and Wooldridge (1992).

µ ρ λ ω0 ω1 ω2 ω3 ω4

AEX 0.000426
(1.17)

0.0192
(0.89)

3.08
(0.67)

3.48 10−6***
(2.77)

0.0624***
(3.38)

0.0414
(1.27)

0.875***
(38.48)

--

CAC −0.000475
(−0.69)

0.0500**
(2.40)

7.33
(1.26)

7.79 10−6***
(2.63)

0.0300**
(2.18)

0.0821***
(3.08)

0.863***
(30.16)

--

DAX 0.000228
(0.45)

0.0292
(0.99)

2.63
(0.63)

1.03 10−5**
(2.27)

0.0525**
(2.37)

0.130
(1.36)

0.803***
(14.68)

--

FTS −0.000607
(−1.31)

0.0657***
(3.12)

17.27**
(2.20)

1.76 10−6***
(3.63)

0.0317***
(2.90)

0.0337***
(2.64)

0.923***
(65.51)

--

HSI 0.000519
(1.21)

0.142***
(5.62)

1.32
(0.53)

1.44 10−5***
(3.26)

0.0549*
(1.92)

0.192***
(3.17)

0.780***
(21.96)

--

SPX 0.0000471
(0.15)

0.0354*
(1.67)

7.15
(1.32)

1.28 10−6***
(3.22)

0.0164
(1.42)

0.0428**
(2.46)

0.941***
(62.41)

--

TPX −0.0000199
(−0.079)

0.124***
(5.77)

−0.00162
(−0.0006)

1.88 10−6***
(3.64)

0.0277**
(2.27)

0.142***
(4.83)

0.892***
(61.76)

--

*, ** and *** denotes significance for a double-sided test at the 90%, 95% and 99% confidence level, respectively.



Table VI: GARCH Model with Volume Variable

Estimation results for the GARCH-M model with uncorrelated positive abnormal volume in the conditional variance equation (model 3 with
ut,2). The t-statistics are based on variance estimates according to Bollerslev and Wooldridge (1992).

µ ρ λ ω0 ω1 ω2 ω3 ω4

AEX 0.000228
(0.86)

0.0222
(0.96)

5.67
(1.55)

2.27 10−6**
(2.02)

0.0781***
(2.89)

0.139**
(2.55)

0.736***
(20.56)

7.51 10−5***
(4.85)

CAC −0.000481
(−0.66)

0.0503**
(2.42)

7.36
(1.20)

7.87 10−6*
(1.68)

0.0230*
(1.86)

0.0856***
(3.06)

0.854***
(24.10)

8.76 10−6

(0.52)

DAX −0.00171***
(−6.27)

−0.0366
(−0.97)

17.81***
(5.34)

2.03 10−5***
(7.12)

0.0838**
(2.07)

0.224***
(2.77)

0.360***
(7.50)

3.77 10−4***
(5.92)

FTS −0.00202***
(−4.38)

0.0319
(1.37)

39.79***
(4.59)

2.81 10−5***
(9.16)

0.00158
(0.087)

0.116***
(3.41)

0.209***
(3.67)

1.91 10−4***
(8.44)

HSI −0.000785***
(−3.07)

0.0927***
(3.94)

6.48***
(5.59)

1.04 10−5*
(1.73)

0.0144
(0.46)

0.326***
(5.37)

0.600***
(9.65)

2.83 10−4***
(7.43)

SPX −0.00172***
(−3.69)

0.0127
(0.40)

35.68***
(4.22)

3.31 10−5***
(8.37)

0.134
(1.31)

−0.0623
(−0.57)

0.0107
(0.230)

4.31 10−4***
(6.94)

TPX −0.000227***
(−7.12)

0.116***
(5.14)

14.03***
(5.36)

4.98 10−6**
(2.52)

0.0405
(1.49)

0.312***
(5.17)

0.647***
(18.15)

1.34 10−4***
(5.63)

*, ** and *** denotes significance for a double-sided test at the 90%, 95% and 99% confidence level, respectively.
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Table VII: Tail Dependence between Volume and Absolute Returns

The correlation coefficient corr between absolute returns |rt| and uncorrelated abnormal volume ut,2 for the overall joint distribution is estimated
based on the Newey and West heteroskedasticity and autocorrelation consistent procedure. ML-estimates of γ  are given with standard errors
and the normalized score statistic values in parenthesis. [ξ ± 1se] denotes estimates of γ  under the return tail coefficient estimate plus or minus
one standard deviation. The extremal correlation coefficient is corrγ. Weighted least squares estimates of the coefficients of the regression
models are given with asymptotic t-statistics in parenthesis.

corr (|rt|, ut,2) γ

[γ |ξR ± 1se]

corrγ  (max(|rt|),
max(ut,2))

α MAD β1 β2 MAD

AEX 0.13 1.18††
(0.0723 / 2.86)
[1.20 / 1.15]

0.16 0.29’’’
(2.66)

0.834 2.73
(0.25)

−1.28***
(−3.12)

0.802

CAC 0.095 1.02
(0.0648 / 0.32)
[1.03 / 1.01]

0.020 0.11
(1.06)

1.01 −48.89***
(−5.58)

−5.51***
(−5.55)

0.874

DAX 0.12 1.01
(0.0617 / 0.18)
[1.02 / 1.00]

0.013 0.13’
(1.29)

0.908 –13.85***
(–2.57)

–1.79***
(–7.89)

0.722

FTS 0.24 1.29††
(0.0864 / 5.51)
[1.31 / 1.28]

0.24 0.42’’’
(3.34)

0.819 58.86***
(2.48)

−0.027
(−0.050)

0.956

HSI 0.21 1.13†
(0.0711 / 2.07)
[1.15 / 1.11]

0.12 0.16’
(1.46)

1.04 0.52
(0.042)

−1.46***
(−2.67)

0.751

SPX 0.26 1.21††
(0.0781 / 7.26)
[1.22 / 1.19]

0.18 0.24’
(1.50)

0.699 4.85
(0.44)

0.11
(0.089)

0.754

TPX 0.23 1.05†
(0.0520 / 1.66)
[1.06 / 1.04]

0.050 0.078
(0.57)

1.22 −2.82
(−0.57)

−1.14*
(−1.85)

1.05

Assuming the standardized extremes being true values, *, **, ***, ’, ’’, ’’’ denotes significance at the 90, 95 and 99% confidence level for a double-sided or a single-sided test,
respectively. †, †† denote significance at the 90 and 95% confidence level for a single-sided test, respectively, with critical values of 1.61 and 2.39 for a sample size of 118 as
given by the results in Tawn (1988, Table 1).
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Table VIII: Tail Dependence between Volume and Absolute, Positive, and Negative Returns

ML-estimates of γ  are given with the corresponding standard errors in parenthesis. The extremal correlation coefficient is given by corrγ.

γ

M=118

corrγ  (max(|rt|),
max(ut,2))

γ

M=118

corrγ  (max(rt),
max(ut,2))

γ

M=118

corrγ  (max(−rt),
max(ut,2))

γ

M=117

corrγ  (max  m(−rt),
max  m–1(ut,2))

AEX 1.18
(0.0723)

0.16 1.16
(0.0691)

0.14 1.08
(0.0621)

0.076 1’
(-)

0

CAC 1.02
(0.0648)

0.020 1’
(-)

0 1.02
(0.0625)

0.020 1.15
(0.0710)

0.14

DAX 1.01
(0.0617)

0.013 1’
(-)

0 1’
(-)

0 1.03
(0.0528)

0.029

FTS 1.29
(0.0864)

0.24 1.24
(0.0775)

0.21 1.10
(0.0630)

0.094 1.07
(0.0752)

0.067

HSI 1.13
(0.0711)

0.12 1.14
(0.0681)

0.13 1.03
(0.0638)

0.029 1’
(-)

0

SPX 1.21
(0.0781)

0.18 1.16
(0.0720)

0.14 1.15
(0.0765)

0.14 1’
(-)

0

TPX 1.05
(0.0520)

0.050 1.11
(0.0637)

0.10 1’
(-)

0 1.01
(0.0577)

0.010

’ the MLE of the dependence parameter hits the boundary of the parameter space.
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