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4. Empirical Results 

4.1 Analysis in Trading Time 

4.1.1 Univariate analysis for fixed price and volume thresholds 

There are 365596 non-negative returns, and 884144 observations are 

strictly negative. The estimated stationary probability of up state is m̂ =0.2925, 

with standard error 0.4549. The speed adjustment estimator is ̂ = -0.1718 , with 

stand error 0.0009. The negative sign of ̂  is explained as bid-ask bounce. 

 

For volume series, the threshold is fixed at the sample mean, 2.538. There 

are 298445 transactions above or at the average level of the threshold, and 

951295 are below the threshold. The estimates of m̂  is 0.2388, with standard 

error 3.9140. The estimated speed adjustment coefficient ̂  is 0.0420, with 

standard error 0.0009. It is noted that the estimator m̂  is far below 0.5, which 

implies that the average trading volume is far less than the median 1; therefore, 

there is more probability of 0 state than 1. 

 

Compared to the results of Ghysels, Gourieroux and Jasiak (1998), in 

return series, our estimate in m̂  is smaller, which means that the probability of 

positive return is smaller; the absolute value of adjustment speed is larger, which 

implies that price adjusts faster in Taiwan futures market than in French security 

market. In the volume series, we have the same phenomenon in estimating m̂ , 

our m̂  is also smaller than what Ghysels, Gourieroux and Jasiak (1998) 

estimated, however, the adjustment speed is slower in volume series. 

 

To see intraday periodic pattern, I averaged results for each trading period 

over all trading days. Each of the trading periods is one hour, except the first and 
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the last trading period. For Taiwan Futures market, it opens at 8:45am and closes 

at 1:45pm, so the first trading interval, is 8:45 to 10:00am, and the last trading 

interval, is 1:00 to 1:45pm. 

 

The results are summarized in table 2.1 and 2.2. From the tables, we find 

some different results compared with Ghysels, Gourieroux, Jasiak (1998). First 

let’s see the returns series; the long run parameter m̂  is more volatile than the 

speed adjustment estimators. In both parameters, m̂  and ̂ , they have the same 

seasonality that their values are larger in the first and the last two trading periods. 

 

In the volume series, the estimator m̂ , has the same seasonality as in the 

return series, higher value in the first and the last two trading periods, which 

implied a U-shaped pattern in daily trading activity that is already found in the 

equity market. As to the parameter of speed adjustment, it has different pattern. 

̂  is decreasing during the trading day, which means that the speed of 

adjustment is slowing down when the time is closer to the end of the trading day. 

 

4.1.2 Correlation analysis and state selection for return series 

I run the autocorrelogram of quantitative and qualitative series. Figure 3.1 

is the quantitative series and the following three panels, figure 3.2, 3.3, 3.4 are the 

qualitative ones with different thresholds equal to sample mean, which is close to 

zero, the 10th and the 95
th

 percentile, respectively. Figure 4 shows the effect of 

different threshold selection on autocorrelation pattern of returns.  

 

As shown in the panel, the first order autocorrelation is negative, which is 

explained as bid-ask bounce. For those higher orders, the autocorrelations are 



16 
 

very insignificant. In the qualitative series, we can see the panel with threshold 

equals to the sample mean, which is almost equals to zero, has similar pattern 

with the quantitative series: negative autocorrelation in first order, and 

insignificant autocorrelation in higher orders. For the other two series with 10
th

 

and 95
th

 percentile thresholds, which are not equal to zero, their patterns are very 

different from that of mean-threshold and the quantitative return series.  

 

In figure 4, I plot the return series autocorrelation of order one with 

thresholds varying from 10
th

 percentile to 90
th

 percentile. The horizon axis is the 

threshold from 10
th

 percentile to the 90
th

 percentile, and the vertical axis is the 

first order autocorrelation under different threshold given. As shown in the graph, 

when the threshold is close to zero, the first order autocorrelation is nearest to 

zero, which means that the choice of zero threshold for the return will generate a 

qualitative process with dynamics as similar as possible to the dynamics of 

quantitative data. 

 

Although we have the similar result to what Ghysels, Gourieroux, Jasiak 

(1998) found, the pattern of the first order correlation is very different. In Ghysels, 

Gourieroux, Jasiak (1998), the first order correlation increased very fast and 

reached a peak as the threshold closes to zero. In figure 4, it shows that the first 

order correlation doesn’t raise as sharp as Ghysels, Gourieroux, Jasiak (1998), but 

it still gradually reached its local maximum as the thresholds close to zero. 
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4.1.3 Causality analysis and state selection for volume series 

The regression results of the quantitative data are shown below: 

rt = 0 + (-0.4356) rt-1 + 0 vt-1   ……(11) 

vt = 2.4540 + 71.1749 rt-1 + 0.0331 vt-1   …..(12) 

vt = 2.3846 + 0.4002 rt + 0.3095 rt-1 + 0.3025 vt-1   ……(13) 

      

The estimated coefficients are all significant (underlined), so all three null 

hypothesis mentioned in the previous session are all rejected. There is causality 

from returns (volume) to volume (return). 

 

For the qualitative data, I set zero and sample mean as the threshold for 

returns and volume series, respectively. The results are summarized in table 3.1 

and 3.2, we can see that based on the regression method, the unidirectional and 

instantaneous causality exist, and are significant (with star sign). The result of 

qualitative regression is in accordance with the result of quantitative regression. 

Since the presence or absence of causality in the entire sample depend on the 

selected volume threshold, I draw the figure with different volume threshold 

varying from 10
th

 to 90
th

 percentile in the x axis, and in the y axis, is the F-value 

of the unidirectional regression under different threshold given in the x axis, to 

find out the threshold at which maximizes the causality. As shown in figure 5.1, 

the causality, the causality from return to volume is maximized when the volume 

threshold is in the range of 3 to 4, as the F-value reaches its highest value. For the 

other way of unidirectional causality, from volume to price, the causality 

maximizes when the range of the threshold is between 2 and 3. As shown in the 

graphs, at the point that the effect of price to volume is the highest, the effect of 

volume to price is not at its low point, vise versa, the causality of both price to 
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volume and volume to price imply that price and volume has influence on each 

other, therefore indicates feedback effects and a bi-directional causality between 

returns and volume. 

 

4.2 Analysis in Calendar Time 

Calendar time data is summarized in Table 4. Since the duration between each 

transaction is longer in calendar time than in trading time, the mean and variance 

of return and volume are tend to be larger, and more volatile than in calendar time 

data. 

 

4.2.1 Univariate analysis for fixed price and volume thresholds 

The calendar time sample has 18585 observations, of all the returns 

observations, 8672 are non-negative returns, and 9913 are strictly negative. The 

“up” state of the estimated stationary probability m̂ =0.4666, with standard error 

0.4989. The estimated speed adjustment coefficient ̂ =-0.0177, with standard 

error 0.0073. 

 

In the volume series, 6659 observations are larger than or equal to the 

threshold, which is set at sample mean, 141.3132, and 11926 observations are 

smaller than the threshold. The estimator m̂  equals to 0.3583, with standard 

error 0.4795. The estimator ̂  equals to 0.02708, with standard error 0.0009. 

 

Compared the results of calendar time with the trading time, we can see 

that in both returns and volume series, stationary probability and the absolute 

value of adjustment speed have increased. The same phenomenon also appeared 

in the hourly interval results, which is displayed in table 5.1 and 5.2. The reason 
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of different estimates of m̂  and ̂  might be that the change of the character of 

the data. The data I used is a continuous time data, therefore when the data turns 

to be a one-minute interval data, returns and volume of each one-minute interval 

transaction will become a lot more than they are in trading time interval, the 

difference between these data might have changed the result. However we can 

still observe the U-shaped pattern in daily trading volume activity. 

 

Moreover, we compared the result with Ghysels, Gourieroux, Jasiak(1998). 

In returns, we can notice that the m̂  and ̂  estimators are still smaller (in 

absolute value), which suggest less positive returns and slower adjustment speed. 

In volume series, the probability of transactions that trades more than average 

trading volume is higher than in Ghysels, Gourieroux, Jasiak(1998), means that 

there are more large volume trading in our one-minute interval data. 

 

4.2.2 Correlation analysis and state selection for return series 

From the four ACF panels in figure 6.1 to 6.4, we can see that the results 

are very similar to the results of trading time. The qualitative ACF with sample 

mean as the threshold has similar pattern as the quantitative ACF. Figure 7 shows 

the first order autocorrelation of returns calendar time, the autocorrelation 

decreases, no matter the threshold is negative or positive, as the threshold closes 

to zero. Therefore, zero would also be an adequate threshold to set for calendar 

time returns series to generate the qualitative data. 

 

Again, the pattern of the first order autocorrelation is different to trading 

time analysis and to the pattern of Ghysels, Gourieroux, Jasiak(1998). In figure 7, 

we can tell that as the threshold close to zero, the autocorrelation doesn’t 
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suddenly increase like in trading time analysis and in Ghysels, Gourieroux, 

Jasiak(1998), but just gradually and smoothly decreases. 

 

4.2.3 Causality analysis and state selection for volume series 

The quantitative regression results of the calendar time data is also significant, as 

shown below. We can tell that the causality exists between returns and volume. 

rt = 0 + (-0.0091) rt-1 + 0 vt-1   ……(14) 

vt = 53.0940 + 2201.2951 rt-1 + 0.6889 vt-1   ……(15) 

vt = 51.0256 + 62.6865 rt + (-18.8028) rt-1 + 0.6753 vt-1   ……(16) 

 

The qualitative regression results are summarized in table 6.1 and 6.2. We 

can see that the results of both return to volume and volume to return 

unidirectional causality are significant (p-value of both regression are zero), so 

we should reject the null hypotheses or non-causality. However, in the return to 

volume regression, two coefficients (α1.|.1 and α1/|11) are not significant, even 

though it is significant for the regression equation, this might be due to the huge 

volume of the data, which makes it easy to reject the null hypothesis. Since two 

coefficients of return to volume unidirectional causality are not significant, I will 

not reject the non-causality hypothesis from return to volume. The instantaneous 

causality of returns and volume is significant in the calendar time data, null 

hypothesis is rejected. 

 

Figure 8.1 and 8.2 show the magnitude of the causality of price to volume 

and volume to price, respectively. As shown in figure 8.1, the price to volume 

effect reaches its high when the volume per minute equals to 137 contracts, and in 

figure 8.2, the volume to price effect is the strongest when volume per minute 
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equals to 221 contracts per minute. However, we can only observe the 

significance by the checking the F-value of the regression, but cannot see the 

p-value of each coefficient, which might be a blind point as what I mentioned 

above in the unidirectional return to volume causality. Concerning the conclusion 

for the trading time, I will only admit the causality from volume to price, and I 

will neither reject nor accept the unidirectional non-causality from price to 

volume hypothesis. 

 


