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N h a (%) Skew Kurt Joint McLi Skew Kurt Joint McLi
250 5 10 8.14 6.42 6.70 9.14 8.28 5.26 6.46 8.08

5 4.32 3.16 4.16 4.96 4.30 2.92 4.02 4.88
1 1.22 1.18 1.78 1.12 1.24 1.12 1.66 2.08

10 10 7.06 4.26 5.76 9.08 7.08 4.02 5.74 8.76
5 3.96 2.66 3.92 4.80 4.00 2.54 3.76 5.36
1 1.28 1.18 1.62 1.48 1.10 1.12 1.80 1.84

20 10 6.06 3.26 4.90 9.08 5.74 3.28 4.70 8.56
5 3.04 2.38 3.12 5.04 3.38 2.08 2.88 5.46
1 0.80 1.16 1.48 1.56 0.82 0.86 1.40 2.12

500 5 10 8.46 7.90 7.24 9.72 8.60 7.04 6.76 9.02
5 4.42 3.92 4.14 5.20 4.20 3.48 4.24 5.50
1 1.12 1.20 1.50 1.32 1.24 1.28 1.66 2.10

10 10 7.74 6.14 6.56 9.92 8.26 5.76 6.88 9.00
5 4.50 3.12 4.34 5.52 4.40 3.36 4.52 5.78
1 1.44 1.46 2.00 1.64 1.54 1.50 2.12 2.14

20 10 7.50 4.32 6.16 9.70 7.24 4.54 6.24 9.76
5 3.88 3.18 3.98 5.16 4.40 3.00 4.44 6.06
1 1.28 1.56 1.96 1.62 1.58 1.30 2.20 2.30

1000 5 10 8.92 9.18 7.64 10.46 8.48 8.36 8.12 9.04
5 4.04 4.54 4.10 5.16 4.42 4.26 4.04 5.06
1 0.92 0.86 1.12 1.32 0.86 1.24 1.36 1.88

10 10 8.42 7.52 7.34 9.74 8.42 7.16 6.92 9.84
5 4.62 3.68 4.40 5.32 4.30 3.44 4.26 6.18
1 1.32 1.10 1.56 1.42 1.08 1.32 1.68 2.10

20 10 8.56 6.02 7.12 9.74 8.50 5.98 6.82 10.46
5 5.12 3.54 4.68 5.14 4.74 3.10 4.44 6.24
1 1.48 1.30 2.00 1.54 1.48 1.22 2.12 2.08

Normal Student with 9 d.f.

Table 1. Empirical test sizes: all required moments exist

5,000 replications are used to calculate the empirical test size. N , h and a are the number of observations,
length of holding period and theoretical test size respectively. Skew, Kurt and Joint are respectively the
skewness ratio test, kurtosis ratio test and their joint test. McLi is the squared-residual autocorrelations test
of McLeod and Li (1983).



N h a (%) Skew Kurt Joint McLi Skew Kurt Joint McLi
250 5 10 7.74 4.36 6.30 8.04 6.08 3.46 5.76 7.54

5 4.24 2.74 3.98 5.44 3.72 2.36 3.86 5.52
1 1.22 1.16 1.78 2.56 1.44 1.24 1.88 3.28

10 10 6.52 3.46 5.52 8.66 5.74 3.08 5.36 8.60
5 3.92 2.28 3.74 5.88 3.50 2.24 3.66 6.76
1 1.16 1.20 1.92 2.60 1.40 1.08 1.94 3.52

20 10 5.16 3.10 4.20 8.56 4.48 2.50 4.16 8.88
5 3.04 2.04 2.86 5.66 2.78 1.86 3.06 6.48
1 0.90 0.86 1.42 2.66 1.30 1.00 1.52 3.80

500 5 10 7.96 5.74 6.48 8.90 6.38 3.74 5.86 7.60
5 4.06 2.88 4.44 6.18 3.38 2.28 4.06 5.94
1 1.38 1.32 1.72 2.98 1.28 1.18 2.06 3.84

10 10 7.52 4.82 6.34 9.12 6.06 3.40 5.76 8.64
5 4.42 2.96 4.26 6.20 3.42 2.40 3.86 6.84
1 1.46 1.54 2.20 3.16 1.30 1.40 2.10 4.50

20 10 7.00 4.00 6.28 10.24 6.10 3.34 5.54 10.08
5 4.22 2.78 4.16 7.06 3.38 2.16 3.72 8.08
1 1.56 1.22 2.12 3.48 1.44 1.18 2.14 5.62

1000 5 10 8.42 6.90 7.28 8.32 7.10 4.12 5.94 7.00
5 4.56 3.72 4.16 5.54 3.92 2.70 3.68 5.70
1 0.94 1.28 1.72 2.96 1.14 1.42 1.80 3.58

10 10 8.08 6.16 7.00 9.42 6.62 3.90 5.68 8.66
5 4.70 3.48 4.20 6.78 3.76 2.56 3.78 6.92
1 1.24 1.20 1.86 3.60 1.52 1.30 1.94 4.86

20 10 7.98 5.20 6.72 10.70 6.84 4.14 6.28 10.02
5 4.70 3.02 4.72 7.68 4.32 2.72 4.46 8.44
1 1.66 1.12 2.04 4.00 1.74 1.18 2.20 5.80

Table 2. Empirical test sizes: moment condition fails

Student with 5 d.f. Student with 3 d.f.

5,000 replications are used to calculate the empirical test size. N , h and a are the number of observations,
length of holding period and theoretical test size respectively. Skew, Kurt and Joint are respectively the
skewness ratio test, kurtosis ratio test and their joint test. McLi is the squared-residual autocorrelations test
of McLeod and Li (1983).



 h sd sk ku sd sk ku
US 2516 1 1.31 -0.33 10.30 1.67 -0.35 5.41

5 1.16 -2.36 42.48 1.51 -1.77 31.23
10 1.09 -4.75 91.14 1.42 -4.18 67.54

UK 2525 1 1.25 -0.14 7.55 0.79 -0.95 6.08
5 1.16 -1.47 29.58 0.93 -2.00 26.59

10 1.11 -3.28 44.26 1.01 -2.86 51.32
Germany 2539 1 1.45 0.03 5.81 1.17 -0.55 5.69

5 1.41 -1.70 19.97 1.31 -2.75 30.46
10 1.37 -3.70 40.89 1.31 -4.97 61.46

Japan 2540 1 1.61 -0.51 7.71 1.26 -0.97 11.73
5 1.52 -1.56 33.47 1.34 -2.66 42.15

10 1.48 -2.86 44.89 1.31 -3.51 48.03

Big Cap Small Cap

sd , sk and ku are the standard deviation, skewness, excessive kurtosis respectively. Note that all
statistics are scaled so that if the returns are IID, the figures should remain unchange with regard to h .

Table 3. Basic statistics

No. of 
observations



h LB McLi Skew Kurt Joint sd k3 k4

1 1.31 -0.32 10.27
US 5 107.4 3987.5 14.0 5.1 17.7 1.16 -1.63 26.00

10 126.2 5201.6 16.2 4.2 19.5 1.09 -2.75 44.08
1 1.25 -0.14 7.52

UK 5 51.5 2893.7 10.9 7.6 18.1 1.16 -1.16 21.57
10 77.2 3631.1 15.6 0.9 16.6 1.11 -2.26 26.80

1 1.45 0.03 5.79
Germany 5 35.9 1928.1 32.5 10.3 53.7 1.41 -1.56 17.77

10 53.7 2429.9 41.8 8.0 57.8 1.37 -3.13 32.58
1 1.61 -0.51 7.69

Japan 5 18.1 2979.4 6.7 17.4 19.3 1.52 -1.33 26.82
10 41.6 3188.6 10.3 4.0 11.7 1.48 -2.26 32.36

1 1.67 -0.34 5.39
US 5 78.9 4128.5 11.4 11.3 17.2 1.50 -1.29 20.71

10 93.0 5420.0 19.3 5.1 21.5 1.42 -2.57 35.42
1 0.79 -0.94 6.06

UK 5 159.2 2054.5 52.9 283.4 329.2 0.93 -3.27 51.18
10 172.5 2328.0 60.2 536.3 614.4 1.01 -5.94 135.83

1 1.17 -0.55 5.66
Germany 5 85.7 2031.3 131.7 237.5 289.5 1.31 -3.91 48.54

10 92.3 2224.5 158.3 194.3 261.2 1.31 -7.07 98.00
1 1.26 -0.97 11.69

Japan 5 41.8 1002.5 34.2 69.4 71.7 1.34 -3.17 53.24
10 59.2 1008.3 23.0 21.6 29.3 1.31 -3.96 56.07

Small Capitalization Stock Index

Big Capitalization Stock Index

Table 4. Tests on Raw Returns

Diagnostic tests are carried out on GARCH-filtered returns. h refers to the length of holding period. LB is the
Ljung-Box test whereas McLi, Skew, Kurt and Joint refer to the same tests as in Table 1 and 2. sd , k3 and k4  are 
respectively the scaled standard deviation, standardized third and fourth cumulants. There are about 2,500
observations in each time series and the reported test statistics are Chi square test statitics. Dark (light) shade
indicates significance at 1% (5%) level.



h LB McLi Skew Kurt Joint sd k3 k4

1 1.30 -0.58 9.32
US 5 46.2 4147.7 40.6 61.7 77.8 1.30 -2.71 42.17

10 59.8 5345.5 55.7 72.3 98.6 1.29 -4.78 85.50
1 1.24 -0.32 6.73

UK 5 17.6 2740.3 18.6 38.3 48.0 1.24 -1.59 28.15
10 37.9 3420.0 33.5 18.0 44.1 1.23 -3.25 40.47

1 1.44 -0.05 5.33
Germany 5 21.0 2038.3 47.0 24.8 81.6 1.44 -1.92 20.66

10 37.8 2533.8 64.5 26.3 95.5 1.46 -3.87 41.46
1 1.61 -0.64 7.63

Japan 5 8.3 3039.3 12.1 39.4 40.0 1.61 -1.74 32.15
10 30.2 3246.2 18.6 20.3 27.7 1.62 -2.97 44.31

1 1.65 -0.53 5.25
US 5 38.9 4083.2 38.7 70.8 76.9 1.65 -2.24 31.34

10 50.5 5350.7 63.6 73.1 97.8 1.66 -4.36 66.71
1 0.78 -0.67 5.59

UK 5 42.6 1959.1 14.0 42.0 42.0 0.78 -1.73 26.52
10 55.6 2231.6 20.9 46.3 48.4 0.78 -2.92 54.06

1 1.15 -0.43 6.13
Germany 5 26.0 1757.4 77.5 59.1 119.0 1.15 -2.96 32.83

10 34.3 1921.9 93.1 59.3 129.1 1.17 -5.21 65.24
1 1.26 -0.76 10.95

Japan 5 11.6 1094.7 31.7 37.6 49.6 1.26 -2.80 42.13
10 30.5 1104.1 20.3 12.0 23.9 1.25 -3.48 46.26

Table 5. Tests on AR(10)-filtered Returns

Big Capitalization Stock Index

Small Capitalization Stock Index

Diagnostic tests are carried out on GARCH-filtered returns. h refers to the length of holding period. LB is the
Ljung-Box test whereas McLi, Skew, Kurt and Joint refer to the same tests as in Table 1 and 2. sd , k3 and k4  are 
respectively the scaled standard deviation, standardized third and fourth cumulants. There are about 2,500
observations in each time series and the reported test statistics are Chi square test statitics. Dark (light) shade
indicates significance at 1% (5%) level.



h LB McLi Skew Kurt Joint sd k3 k4

1 1.00 -0.52 1.45
US 5 26.73 26.15 11.54 0.06 15.59 0.98 -1.23 3.15

10 33.28 33.87 5.23 0.88 9.39 0.93 -1.44 4.22
1 1.00 -0.34 0.77

UK 5 11.19 23.51 18.08 1.98 18.14 1.01 -1.15 2.75
10 21.42 37.19 14.03 0.27 14.36 0.99 -1.72 4.46

1 1.00 -0.36 1.21
Germany 5 13.79 22.45 29.15 4.59 29.24 1.01 -1.43 4.39

10 21.15 25.74 30.25 4.95 30.45 1.00 -2.45 12.67
1 1.00 -0.42 0.85

Japan 5 10.57 26.92 16.74 9.03 17.88 1.04 -1.22 4.11
10 15.69 37.51 8.69 2.20 8.81 1.04 -1.54 3.68

1 1.00 -0.36 0.59
US 5 20.93 30.96 12.71 0.07 16.42 0.98 -1.03 1.51

10 25.44 38.41 7.08 0.49 9.34 0.93 -1.35 4.34
1 1.00 -0.65 2.00

UK 5 36.44 13.87 14.26 14.76 17.50 1.07 -1.51 5.48
10 42.52 24.68 3.45 13.84 13.85 1.13 -1.47 2.94

1 1.00 -0.61 2.34
Germany 5 18.63 9.89 18.84 4.86 19.76 1.04 -1.60 5.31

10 30.23 13.65 15.16 2.84 15.46 1.04 -2.23 7.56
1 1.00 -0.81 3.01

Japan 5 19.26 12.27 12.96 6.14 13.32 1.06 -1.71 6.48
10 25.58 16.77 5.53 4.75 6.21 1.09 -1.87 4.13

Big Capitalization Stock Index

Table 6. Tests on returns filtered by AR(1)-GARCH-Normal

Small Capitalization Stock Index

Diagnostic tests are carried out on GARCH-filtered returns. h refers to the length of holding period. LB is the
Ljung-Box test whereas McLi, Skew, Kurt and Joint refer to the same tests as in Table 1 and 2. sd , k3 and k4
are respectively the scaled standard deviation, standardized third and fourth cumulants. There are about
2,500 observations in each time series and the reported test statistics are Chi square test statitics. Dark (light)
shade indicates significance at 1% (5%) level.



Scatter plot A and B are based on 10 years of data from 2006 to 2015 whereas scatter plot C and D are based
on 30 years of data from 1986 to 2015. The skewness, kurtosis and VaR are measures of single-period returns
with the latter obtained by dividing the first percentile of the returns by the associated standard deviation. 

Figure 1. A scatter plot of standardized VaR against skewness and kurtosis
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