


Intraday Price Behavior of the Nikkei Stock Average and the Nikkei 225 Futures

Table 12 (B) Friday

Panel C . Vector Autoregression 1 Panel D : Vector Autoregression 2
NSA<=FUT NSA<=NSA FUT<=NSA FUT<=FUT
lag| Coeff. t-Value [lag| Coeff. t-Value lag| Coeff. t-Value |lag| Coeff. t-Value
1 0.1020| 38.5069*** | 1 0.2556| 67.6565 *** 1 0.1258| 23.3472*** | 1 0.0026| 0.6877
2 0.0821| 30.6779***| 2 0.0092| 2.3556* 2 0.0288| 5.1646*** | 2 -0.0150| -3.9372***
3 0.0500| 18.5647*** | 3 0.0213  5.4496 *** 3 0.0311| 5.5828*** | 3| -0.0106] -2.7592**
4 0.0372| 13.7751*** | 4 0.0158  4.0535*** 4 0.0157| 2.8234*** | 4| -0.0229| -5.9287***
5 0.0274| 10.1035***| 5 0.0100| 2.5482* 5 0.0277| 4.9629*** | 5 0.0003| 0.0748
6 0.0203| 7.5073*** | 6 0.0001| 0.0284 6 0.0172|  3.0803** 6 0.0400| 10.3424 ***
7 0.0169| 6.2426*** | 7 0.0031|  0.7850 7 0.0074( 13309 7 0.0030[ 0.7662
8 0.0125| 4.6142***| 8 -0.0021| -0.5493 8 0.0192| 3.4422***|( 8 -0.0122| -3.1570**
9 0.0113| 4.1738***( 9| -0.0083| -2.1269* 9 0.0164 2.9430** 9 -0.0145| -3.7504 ***
10 0.0061| 2.2490* 10 0.0057| 1.4567 10 0.0082| 14744 10 0.0035| 0.8983
11 0.0079| 2.8942** | 11| -0.0109] -2.7958** 11 0.0096| 1.7211 11| -0.0195] -5.0421***
12 0.0083| 3.0519** | 12| -0.0126] -3.2227** 12 0.0151| 2.7153** | 12 0.0180 4.6629***
13 0.0068| 2.5107* 13  -0.0077] -1.9741 13 0.0112| 2.0172* 13| -0.0114] -2.9534**
14 0.0038| 1.3993 14| -0.0094 -2.3994* 14 0.0027| 04777 14 -0.0020| -0.5137
15 0.0078| 2.8684** | 15[ -0.0085 -2.1711* 15 0.0157| 2.8102** | 15/ -0.0016] -0.4097
16 0.0040 1.4632 16 -0.0031| -0.8031 16 0.0019 0.3418 16 -0.0111| -2.8574**
17 0.0111| 4.0742***| 17| -0.0125| -3.1974** 17 0.0174| 3.1221** | 17| -0.0125| -3.2315**
18 0.0059| 2.1801°* 18| -0.0041| -1.0446 18 0.0093] 1.6698 18 0.0049| 1.2706
19 0.0055| 2.0324* 19| -0.0041 -1.0579 19 0.0019| 0.3374 19| -0.0075| -1.9289
20 0.0027| 0.9823 20( -0.0077( -1.9777* 20 0.0152| 2.7299** | 20( -0.0005| -0.1400
21 0.0007| 0.2428 21 -0.0051| -1.2934 21 0.0156| 2.7928** | 21| -0.0082| -2.1116*
22 0.0045 1.6529 22 -0.0076| -1.9453 22 0.0077 1.3876 22 -0.0138| -3.5521 ***
23 0.0039 1.4510 23 -0.0048| -1.2225 23 -0.0017| -0.3056 23 -0.0149| -3.8375***
24 0.0057| 2.1020* 24| -0.0078| -1.9973* 24 0.0142( 2.5439* 24 0.0079| 2.0434*
25 -0.0008| -0.2912 25 -0.0048| -1.2165 25 0.0012|  0.2068 25 0.0051 1.3073
26| -0.0028| -1.0402 26| -0.0018 -0.4729 26 0.0036| 0.6541 26| -0.0092| -2.3866*
27 0.0036| 1.3226 27| -0.0038| -0.9710 27 0.0009| 0.1533 27|  -0.0040| -1.0218
28 0.0063| 23175* 28| -0.0053| -1.3488 28 0.0025| 0.4437 28 0.0016f 04173
29 0.0071| 2.6327** | 29| -0.0057| -1.4465 29 0.0121| 2.1640* 29 0.0009| 0.2205
30 0.0102| 3.7757*** | 30 0.0027| 0.6823 30 0.0071 1.2743 30 0.0059| 1.5270
31 0.0058| 2.1274* 31 -0.0019] -0.4832 31/ -0.0043] -0.7708 31| -0.0056| -1.4566
32 -0.0037| -1.3453 32| -0.0123[ -3.1455** 32| -0.0031] -0.5483 32 -0.0001] -0.0352
33 0.0050| 1.8586 33| -0.0037| -0.9477 33 0.0059| 1.0524 33 -0.0036] -0.9411
34 0.0045| 1.6433 34| -0.0031| -0.7927 34 0.0010|  0.1740 34 -0.0020| -0.5190
35 0.0026|  0.9447 35( -0.0003| -0.0674 35 0.0001| 0.0257 35| -0.0022| -0.5740
36 -0.0033( -1.2251 36| -0.0041| -1.0425 36 0.0085 1.5170 36 0.0092| 2.3814*
37 -0.0009] -0.3361 37 0.0026( 0.6708 37 0.0108|  1.9305 37| -0.0040] -1.0443
38 0.0026| 0.9692 38| -0.0041f -1.0619 38( -0.0006] -0.1097 38 -0.0129| -3.3405***
39 0.0017| 0.6128 39 -0.0088 -2.2487* 39 0.0078| 1.3944 39 0.0036| 0.9215
40 0.0020| 0.7327 40 0.0034| 0.8824 40( -0.0064| -1.1558 40( -0.0024| -0.6325
41 0.0027|  0.9920 41 -0.0002| -0.0486 41 0.0044| 0.7988 41 0.0059 1.5407
42 0.0016| 0.6074 42( -0.0013( -0.3347 42| -0.0045| -0.8156 42| -0.0049( -1.2780
43( -0.0037| -1.3765 43| -0.0042| -1.0827 43 0.0085| 1.5375 43 -0.0052| -1.3591
4 0.0035| 1.3052 44 0.0001| 0.0260 44| -0.0012| -0.209 44| -0.0010| -0.2656
45 0.0024|  0.8954 45|  -0.0085| -2.3074* 45 0.0043|  0.8076 45 0.0008]  0.2081
constant -1.5E-06 constant 1.68E-06
Numbers of Observation 142260 Numbers of Observation 142260
Sum of squared residuals 0.0139 Sum of squared residuals 0.0282
Standard error of regression 0.0004 Standard error of regression 0.0006
R-squared 0.1560 R-squared 0.0223
Adjusted R-squard 0.1555 Adjusted R-squard 0.0217
F-statistic 145.7985 *** F-statistic 18.0185 ***
Durbin-Watson statistic 2.0001 Durbin-Watson statistic 2.0000

Note: * represents significant at the 5% level.
** represents significant at the 1% level.
*** represents significant at the 0.1% level.
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with 45 lags is adopted to examine the lead-lag relations between the NSA and the Nikkei 225 futures.
The results of this vector autoregressive model are presented in Panel C and D of Table 5 to Panel C
and D of Table 7 for the whole period and the two subperiods. The coefficients of the futures for the
NSA are statistically significant until 15 minutes and those of the NSA for the futures are significant
until 12 minutes during the whole period. During the non-regulated period, the coefficients of the
futures are significant until 20 minutes and those of the NSA are significant until 8 minutes. During
the regulated period, the coefficients of the futures are significant until 24 minutes and those of the
NSA are significant until 23 minutes. These results are almost the same as those for the multiple
regression model during the whole period and the non-regulated period, but the numbers of the signifi-
cant lags are more than twice during the regulated period. In addition, during the regulated period,
the autocorrelations in these vector autoregressive models also increase more than three times com-
pared to the non-regulated period.

Similar results are reported in Panel C and D of Table 8 to Panel C and D of Table 12 for the five sub-
samples from Monday to Friday. The numbers of the significant coefficients in the vector autoregres-
sive models generally increase compared to those of the multiple regression model. However, the num-
bers of the significant coefficients of the NSA decrease.

The results of the vector autoregressive model are more difficult to explain than those of the multi-
ple regression model. In addition, the results of this vector autoregressive model are quite different
from the results of Kawaller, Koch, and Koch (1987) though the numbers of lags are not the same and
they use only one day data for calculation. Therefore, much more investigation is needed for this lead-

lag relationship.
VI. Summary and Conclusions

The intraday price behaviors of the NSA and the Nikkei 225 futures are investigated by using
minute-by-minute data during the period between October 3, 1988 and September 8, 1994. As for the
returns, the W-shaped patterns reported by Chung et al. (1993) for the TOPIX are not found, although
the opening returns of the morning session indicate positive and large absolute values with the excep-
tion of the futures on Monday and Tuesday. In addition, this study discovers that the overnight NSA
returns exceed the overnight futures returns. As for the return volatility, W-shaped patterns are rec-
ognized as others reported. In contrast to the returns, the standard deviations of the overnight NSA
returns are less than those of the overnight futures returns. As for the skewness, the futures show
large values for the opening of the morning session, but there is not a similar result for the NSA, con-
trary to Chang et al. (1993) regarding the TOPIX. As for the kurtosis, large values are recorded during
the middle of sessions not only for the NSA but also for the futures, which also contradicts Chang et al.
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(1993). As for the return reversals, the correlations of adjacent minute-by-minute return series for the
NSA exhibit a result similar to Chang et al. (1993), which show that large values follow the small values
for the opening, then gradually decline and the trends reverse near the closing. However, those of the
futures do not show similar results and their average levels are very low, which means strong return
reversals of the futures.

The lead-lag relations of the NSA and the Nikkei 225 futures are investigated by using the autocorre-
lations, the multiple regression model, and the vector autoregressive model. The autocorrelations of
the NSA are larger than those of the futures and these autocorrelations are larger during the non-reg-
ulated period than the regulated period. The lead-lag relations between the NSA and the futures are
almost the same (15 minutes) during the whole period, but the futures lead the NSA strongly during
the non-regulated period. In the regulated period, two effects seem to be mixed complexly; one is the
effect of the futures regulation and the other is the effect of the maturing of the futures market.

The market microstructure analysis become popular in the U.S. market because the stock exchanges
and the market operators deliver the data. In contrast, the data availability is limited in the Japan
market. The data accessibility is important not only for academicians to compete their achievements,
but also for practitioners and regulators to recognize the market in order to revise their activity. The
change of recognition and also the market practice must improve the market and the economy as a
whole.

Notes

1) For situations concerning the stock index futures in Japan, see Arai, Akamatsu, and Yoshida (1993) and Miller (1993).

2) Chang, Rhee, and Yoshikawa (2001) investigate the intraday price movement related to the Nikkei 225 options.

3) The opening trading method is called 'Itayose' and the following daytime trading method is called 'Zaraba' in the Japanese
stock market. As for details of these trading methods, see Amihud and Mendelson (1991) and Chang et al. (1993).
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