
4. Empirical Results 

4.1 Liquidity 

For each product, twelve measures are estimated (quote spread, effective spread, 

percentage quote spread, percentage effective spread, dollar-weighted percentage 

quote spread, dollar-weighted percentage effective spread, volume, trade size, trade 

number, liquidity ratio, volatility, and price volatility) in two separate periods, from 

March 2002 to May 2002 for the old system period, and from September 2002 to 

December 2002 for the new system period. Table 4 compares the liquidity measures 

before and after the enforcement of electronic continuous auction mechanism for 

three contracts, TX, TE, and TF. Table 4 shows that quote spreads, effective spreads, 

percentage effective spreads, and dollar-weighted percentage effective spreads of the 

new system are all significantly lower in the new system than those measures in the 

old system. For TX, the quote spread decreases from 2.4 to 2.0; the effective spread 

decreases from 3.3 to 2.3; the percentage effective spread decreases from 0.054 to 

0.051. For TE, the quote spread decreases from 0.23to 0.16; the effective spread 

decreases form 0.26 to 0.17; the percentage effective spread decreases from 0.086 to 

0.085. For TF, the quote spread decreases from 0.79 to 0.72; the effective spread 

decreases from 0.87 to 0.68; the percentage effective spread decreases from 0.12 

to0.10; the dollar-weighted percentage effective spread decreases from 0.13 to 0.11. 
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Table 4 
A comparison of liquidity before and after the enforcement of electronic 

*** 1% Significant Level  

continuous auction trading mechanism 
Old New

df Value P-value

Quote spread 2.4137 1.96976 (1, 249020) 5535.57 0 ***
Effective spread 3.26473 2.27889 (1, 249020) 10163.4 0 ***
Percentage quote spread 0.04053 0.04407 (1, 249020) 912.99 0 ***
Percentage effective spread 0.05496 0.05105 (1, 249020) 379.977 0 ***
Dollar-weighted percentage quote spread 0.0405 0.04485 (1, 122) 8.832 0.004 ***
Dollar-weighted percentage effective spread 0.06966 0.06371 (1, 122) 5.015 0.027 **
Volume 12856.4 4551.33 (1, 122) 307.888 0 ***
Trade size 7.82471 1.90786 (1, 122) 589.097 0 ***
Trade number 1643.08 2385.39 (1, 122) 835.106 0 ***
Liquidity ratio 32784.2 8459.71 (1, 122) 431.963 0 ***
Return volatility 0.0429 0.03827 (1, 122) 2.045 0.155
Price volatility 9.536 0.002 ***

Quote spread 13874.9 0 ***
Effective spread 12928.9 0 ***
Percentage quote spread 588.075 0 ***
Percentage effective spre 14.758 0 ***
Dollar-weighted percenta 5.481 0.021 **
Dollar-weighted percenta 2.226 0.138
Volume 79.92 0 ***
Trade size 126.025 0 ***
Trade number 822.666 0 ***
Liquidity ratio 2.965 0.088 *
Return volatility 0.93 0.337
Price volatility 1.68267 1.21704 (1, 122) 10.933 0.001 ***

Quote spread 0.78825 0.72162 (1, 143174) 539.333 0 ***
Effective spread 0.87138 0.6786 (1, 143174) 3146.48 0 ***
Percentage quote spread 0.10442 0.11146 (1, 143174) 267.909 0 ***
Percentage effective spread 0.11533 0.10472 (1, 143174) 438.288 0 ***
Dollar-weighted percentage quote spread 0.10855 0.11528 (1, 124) 1.586 0.21
Dollar-weighted percentage effective spread 0.13894 0.11583 (1, 124) 19.385 0 ***
Volume 1436.86 2097.97 (1, 124) 30.167 0 ***
Trade size 1.84687 1.35072 (1, 124) 89.079 0 ***
Trade number 725.026 1544.59 (1, 124) 315.478 0 ***
Liquidity ratio 4162.28 6134.01 (1, 124) 38.588 0 ***
Return volatility 0.08042 0.05582 (1, 124) 69.427 0 ***
Price volatility 4.27654 3.33455 (1, 124) 5.893 0.017 **

ANOVA F-statistic

Panel A: Taiwan Stock Exchange Capitalization Weighted Stock Index (TX)

Panel C: Taiwan Stock Exchange Banking and Insurance Sector Index (TF)

Panel B: Taiwan Stock Ex
27.1498 19.8455 (1, 122)

0.23113 0.16161 (1, 191550)
0.26445 0.16817 (1, 191550)
0.07541 0.08172 (1, 191550)

ad 0.08638 0.08505 (1, 191550)
ge quote spread 0.0766 0.0842 (1, 122)
ge effective spread 0.10752 0.10085 (1, 122)

2316.11 3167.54 (1, 122)
2.25729 1.50512 (1, 122)
1028.03 2105.36 (1, 122)
6480.94 6017.98 (1, 122)
0.06694 0.06194 (1, 122)

change Electronic Sector Index (TE)

** 5% Significant Level  

*  10% Significant Level 
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These results indicate that the new trading system may offer lower transaction costs. 

However, percentage quote spreads become larger in the new trading system, which 

increases form 0.040 to 0.044 for TX, from 0.07 to 0.08 for TE, and from 0.10 to 0.11 

for TF. Dollar-weighted percentage quote spreads also become larger for TX, 

increasing from 0.040 to 0.044, and for TE, increasing from 0.076 to 0.084. It shows 

that different measures of liquidity may not lead to the same result. The percentage 

effective spread represents the true costs which traders face when they want their 

orders to be traded imm  the percentage of quote spread only 

implies the diff it-buying order and the price of 

the best limit-selling e next matching. 

Therefore, the resu echanism offers lower 

er.  

In addition to spread measures, for TX, the volume shrinks 180%, from 12856.4 

to 4551.3 contracts, although the trade number increases 45% (from 1643.079 to 

2385.393). At the same time, the trade size also declines by 75%, from 7.8 to 1.9. The 

liquidity ratio declines by 75% (from 32784.2 to 8459.7), but the price volatility 

declines by 23% as well, from 4.3 to 3.3 points. For TX, we find improvement of 

liquidity but not very consistent though. This study also indicates that different 

measures show the multifacet of liquidity. Therefore, it is hard to conclude the degree 

ediately. However,

erence between the price of the best lim

 order, which may not be executed at th

lts still indicate that the new trading m

transaction costs, although percentage quote spreads become larg
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of liquidity changing arbitrarily since not all of the measures indicate the same result. 

 For TE, both the volume and the trade number increase significantly. The volume 

increase 38% (form 2316.1 to 3167.5) and the trade number increase 100% (from 

1028 to 2105.3). The price volatility also declines by 25%, from 1.7 to 1.2. The return 

volatility does not change significantly. However, the liquidity ratio decreases from 

6481.9 to 6017.9. The trade size decrease 35%, from 2.3 to 1.5. Many of the measures 

show that the market offers liquidity improvement for TE, although some measures, 

including percentage quote spread, dollar-weighted quote spread, trade size and 

liquidity ratio, do not imply the improvement. 

 The new trading mechanism significantly provides more liquidity for the TF than 

for TX and TE. The volume increases from 1436.9 to 2098. The trade number 

increases from 725 to 1544.6. The price volatility also declines from 27.1 to 19.8. 

Among the three contracts, only the liquidity ratio of TF increases from 4162.2 to 

6134. In addition, the return volatility of TF decreases significantly form 0.08% to 

0.05%, while the return volatility changing of TX and TE are not significant. 

Therefore, most of the measures imply that the continuous auction mechanism 

improves the market liquidity and offers lower transaction costs for TF. 

 It is reasonable to image that if the total volume decreases or does not increases 

enough, the trade size decreases because trade number increases for a market 

 27



transferring from an electronic call auction to an electronic continuous auction 

mechanism. The trader number increases because orders are matched per 10 seconds 

in the call auction market, while an order is matched immediately once it enters the 

Electronic Trading System in a continuous market. Therefore, it may be hard to 

compare the trade size and the trade number of call auction market and continuous 

market directly. These measures may not be suitable for comparing the liquidity 

improvement in this study since that part of the changing of trade size and trade 

number is due to different structure characteristics of the two trading systems, not due 

to the liquidity improvement purely. In this paper, differences are found between the 

behaviors of various liquidity measures. Not all of the measures are suitable for 

comparing liquidity improvement of the call auction and continuous trading systems. 

Moreover, there is no single measure which could capture the market liquidity 

completely. 

  In order to find the reason why the percentage effective spread decreases while 

the percentage quote spread increases, the distribution of transaction price with 

respect to the quote price is summarized in Table 5. Panel A of Table 5 shows that for 

TX in the old trading mechanism, 30% of the transaction price is outside the quote 

prices (above the ask price or below the bid price). 60% is at the quote prices (at the 

ask price plus at the bid price). Only 10% is inside the quote prices. In the new trading 
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Table 5  
A summary of distribution of transaction price with respect to the quote bid-ask 
price 
 Old New 

  % % 

Panel A: Taiwan Stock Exchange Capitalization Weighted Stock Index (TX) 

Above ask 14 9 

At ask 29 32 

Between ask and bid 10 14 

At bid 31 35 

Below bid 16 10 

Panel B: Taiwan Stock Exchange Electronic Sector Index (TE) 

Above ask 10 7 

At ask 33 31 

Between ask and bid 11 18 

At bid 35 35 

Below bid 11 9 

Panel C: Taiwan Stock Exchange Banking and Insurance Sector Index (TF) 

Above ask 8 6 

At ask 36 31 

Between ask and bid 8 22 

At bid 39 34 

Below bid 9 7 

 

system, transaction price outside quote prices shrinks to 19%. The percentage of price 

at quotes prices increases to 67%. The percentage of price inside quote price also 

increases to 14%. 

 Panel B is the distribution of the transaction price of TE. In the old market, 21% 

of the price is outside the quote. 68% is at the quote price. 11% is inside the quote 

price. In the new market, the percentage of the price outside the quotes decreases to 

16%. 66% is at quotes, which is similar to that in the old market. The percentage 
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inside the quotes increases to 18%. 

Panel C describes the distribution of transaction price of TF. In the old 

mechanism, 17% of the transaction price is outside the quote price. 75% is at the 

quote prices. Only 8% lies inside the quotes. In the new mechanism, the percentage of 

outside the quotes decreases to 13%. The percentage at quote price also decline to 

65%. The percentage of inside quotes climbs to 22%.  

 For all of the three contracts, the percentage of transaction price outside the 

spread decrease and the percentage of price inside the spread increase. This explains 

why percentage effective spread decreases while percentage quote spread increases. 

The quote prices at time t mean the price of the best limit-selling order and the price 

of the best limit-buying order which are not executed at time t-1. Orders at time t may 

be executed between bid and ask prices since there are new market and limit orders 

coming in between time t-1 and time t, which prices may be better than the existing 

bid and ask prices. Therefore, the percentage effective spread implies the truly 

transaction cost which traders pay when their orders are executed.  

4.2  Bid-Ask Spread Components 

This section describes and compares the spread components of TX, TE, and TF 

in the two periods, the electronic call auction market and the electronic continuous 

market. Table 6 summaries the distribution of effective spread. A transaction with zt>0 
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Table 6  
A comparison of distribution of effective spread 

 Old       New      

  ％ Max Average Min ％ Max Average Min 

Panel A: Taiwan Stock Exchange Capitalization Weighted Stock Index (TX)   

Zt > 0 46 51 1.6608 0.5 45 16 1.2344 0.5 

Zt = 0 4 - - - 6 - - - 

Zt < 0 50 -0.5 -1.7088 -55 49 -0.5 -1.2297 -21 

Panel B: Taiwan Stock Exchange Electronic Sector Index (TE)     

Zt > 0 43 2.7 0.1219 0.025 44 0.95 0.0865 0.025 

Zt = 0 6 - - - 5 - - - 

Zt < 0 51 -0.025 -0.1413 -2.5 51 -0.025 -0.0895 -1.25 

Panel C: Taiwan Stock Exchange Banking and Insurance Sector Index (TF)   

Zt > 0 46 8.7 0.4319 0.1 45 5 0.351 0.1 

Zt = 0 2 - - - 4 - - - 

Zt < 0 52 -0.1 -0.4498 -10.5 51 -0.1 -0.3606 -4.5 

1. The effective, zt is defined as: 

ttt QPz −=  
where Pt is the transaction price, represents one-half the signed effective spread with zt < 0 for a sell order and 

zt > 0 for a buy orders. 

 

means that this transaction is triggered by buying orders. On the contrary, a 

transaction with zt<0 means that this transaction is triggered by selling orders. Table 6 

shows that in the old system of TX, 46% of the transactions are triggered by buying 

orders. 50% are trigged by selling orders. Only 4% are traded at the quote mean 

points. When TX is traded in the new system, 45% of transactions are triggered by 

buying orders. 49% are triggered by selling orders. Transactions at the quote midpoint 

slightly increase to 6%.  

The situation of TE is a bit different from TX. In the new system, transactions 
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triggered by selling transactions increase 1%. Transactions at quote midpoint decrease 

1%. Similar to TX, the transactions of TF in new system which is triggered by buying 

and selling orders both decrease 1%. The percentage at quote midpoint increase 2%.  

 It is obvious that in two periods, both old and new system, transactions of all the 

three products triggered by selling orders are more than which triggered by buying 

orders. Transactions with zt=0 means that they cannot be identified to be selling 

orders or buying orders. Fortunately, less than 6% of transactions are matched at 

quote midpoint, which is less likely to influence the estimating results of spread 

components in this study. 

 Table 7 shows the estimates of the spread components of the effective spread for 

each of the TX, TE, and TF in each of the two periods. This model estimates three 

parameters, the adverse information cost (λ), the order processing cost (γ), and the 

persistence of order arrival (θ). This paper reports estimates along with t-statistic and 

R square values.  

 Panel A reports the results for TX in the new system, the adverse selection cost 

decreases almost 20%, from 0.53 to 0.33. The order processing cost increases 26%, 

from 0.26 to 0.52. The order persistence measure slightly decreases 8%, from 0.23 to 

0.15. The results show that in the old period, adverse information cost is the biggest 

component of the effective spread. However, the order processing cost becomes the 
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Table 7 
Empirical Estimates of the spread components of the Effective spread 

  Old     New     

 Estimate t-statistic R square Estimate t-statistic R square 

Panel A: Taiwan Stock Exchange Capitalization Weighted Stock Index (TX) 

λ 0.531 140.493 0.160 0.327 52.75 0.019 

γ 0.256 54.484 0.028 0.521 78.84 0.042 

θ 0.229 75.699 0.052 0.151 57.32 0.023 

Panel B: Taiwan Stock Exchange Electronic Sector Index (TE)   

λ 0.440 114.654 0.170 0.216 84.498 0.053 

γ 0.260 50.997 0.039 0.323 98.678 0.071 

θ 0.300 79.674 0.090 0.459 184.14 0.210 

Panel C: Taiwan Stock Exchange Banking and Insurance Sector Index (TF) 

λ 0.399 139.616 0.299 0.154 92.684 0.081 

γ 0.301 61.987 0.078 0.258 99.193 0.092 

θ 0.300 67.258 0.090 0.588 227 0.346 

1. Each parameter is estimated for the nearest –month contract of each of the three products, TX, TE, and TF in 

each of the periods, the old trading system and the new trading system. 

2. The adverse information is estimated: 

11 ++ +=∆ ttt ezQ λ                                                    (9) 

where 
ttt QQQ −=∆ ++ 11
, Qt is the quote midpoint at time t; ttt QPz −= , Pt is the trade price at time t; λ 

is the adverse information component of effective spread.  

3. The order processing cost is estimated: 

11 ++ +−=∆ ttt uzP γ                                                   (11) 

    where ttt PPP −=∆ ++ 11 ; γis the order processing component of effective spread. 

4. The order persistence is estimated: 

11 ++ += ttt zz ηθ  

where θ is the order persistence measure. 

 

major component in the new trading system. The electronic continuous trading system 

reduces the adverse information selection cost for market traders but increases the 

component of order processing cost, since both the trade volume and trade size of TX 

decrease in the continuous market (see panel A table 4).  
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 Panel B indicates that the adverse information component of TE in the new 

mechanism decreases from 0.44 to 0.22. The order processing cost slightly increases 

from 0.26 to 0.32. However, unlike the TX, the order persistence of TE increases from 

0.3 to 0.46, becoming the largest component of the effective spread. The continuous 

market also provides lower adverse information selection component to the TE. But 

most of the component transfers to the order persistence, not to the order processing 

cost. 

 Panel C shows that after the enforcement of the new trading system, the adverse 

information component for TF shrinks from 0.4 to 0.15. The order processing cost 

also declines from 0.3 to 0.26. The order persistence sharply increases from 0.3 to 

0.59. The continuous trading mechanism offers lower adverse information cost to 

traders of TF. The major component of TF changes form adverse information cost to 

order persistence cost. 

 In the old market, the electronic call auction mechanism, the adverse information 

is the most important component of all of the three products. The new system reduces 

the adverse information component by matching orders continuously. Since the trade 

size is smaller in the new system (see Table 4), informed traders tend to hide their 

orders in order not to influence the transaction price too much at a time. This protects 

uninformed traders from being hurt by traders who have better information. On the 
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other side, order processing cost of two of the three products, TX and TE, increases. 

This is because the trade size of continuous mechanism is smaller than that of the call 

auction market. In pervious studies, order processing cost was found to decline as 

trade size increases. (Lin, Sanger, and Booth, 1995; Hung and Stoll, 1997) The reason 

is that the fixed cost is spread over more shares for larger orders. The order 

persistence cost of TE and TF also increases, reflecting that in the continuous market, 

the informed traders tend to split large orders into more small orders (Lin, Sanger, and 

Booth, 1995). This paper shows that each type of futures contracts has its specific 

components. Each of the contracts has its own characteristics in one side while being 

in common in another side. In the old system, the adverse selection cost is the most 

significant cost for TX, TE, and TF. But for TX, the order processing cost is the 

second major component. For TE, order persistence is the second major component. 

The order processing and order persistence components are almost equal for TF. In 

the new market, order persistence component becomes most significant for TE and TF. 

Besides, order processing cost is the second important component for both TE and TF. 

However, for TX, the order processing cost is the most important component and 

adverse selection component is the second major one.  
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