
4. Empirical Results 

4.1 Liquidity Improvement 

In order to measure the market liquidity of firms switching from ESM to TSE or 

GTSM, we compare the four liquidity measures: LP, percentage LP, dollar spread and 

percentage spread which are proposed by Christie and Huang (1994) between moving 

exchanges. Table III shows the mean values for LP, percentage LP, dollar spread and 

percentage spread which are measured for the 64 trading days surrounding the listing date. 

Panel A of Table III presents the result for firms moving from ESM to TSE, Panel B of 

Table III displays the results for firms switching from ESM to GTSM, and Panel C of Table 

III contains the results of our full sample for the all 24 firms from ESM to TSE or GTSM.  

To test whether the liquidity are structurally and significantly improved before and 

after exchange listings, we estimate the following regression, 

t tL D tα β= + +ε                                                         (10) 

where Lt is a liquidity measure for trade t and Dt equals 0 for trades executed on ESM, and 

zero otherwise. The t-statistic for β indicates whether the reported differences in liquidity 

are significant, and the estimated results are presented in the last column of Table III.  

From Panel C of Table III, the four liquidity measures decline significantly for the 

firms that move from ESM to either the TSE or the GTSM. The percentage (absolute) LP is 

3.64% (NT$1.655) prior to a switch and 0.34% (NT$0.172) after a switch. The percentage 

(absolute) spread is 11.33% (NT$5.38) prior to a switch and 0.83% (NT$0.422) after a 
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switch. The standard deviations for the four liquidity measures also decline apparently. A 

comparison of Panel A and Panel B, we find that firms switching to TSE have lower trading 

costs on ESM than those switching to GTSM. The LP, percentage LP, dollar spread, and 

percentage spread before exchange listing in Panel A are NT$1.42, 2.5%, NT$5.446, 9.14%, 

respectively, while in Panel B are NT$1.773, 4.21%, NT$5.348, 12.42%. Although these 

four liquidity measures before exchange listing are quite different between Panel A and 

Panel B, they show little dissimilarity after exchange listing. The LP, percentage LP, dollar 

spread, and percentage spread after exchange listing in Panel A are NT$0.193, 0.34%, 

NT$0.421, 0.76%, respectively, while in Panel B are NT$0.159, 0.35%, NT$0.423, 0.9%.  

According to these results, we find that thinly traded stocks on dealer markets would 

improve liquidity after switching to order driven markets. This result is consistent with 

Christie and Huang (1994), Barclay (1997), and Bessembinder (1998). But our results are 

different from those studies whose evidence shows that the markets with dealer or specialist 

intervention would offer better liquidity performance than pure order driven markets for 

thinly traded stocks. Furthermore, dealer markets are volatile in LP, percentage LP, dollar 

spread, and percentage spread than order driven markets. Finally, the less liquid firms on 

ESM have higher transaction costs in LP, percentage LP, dollar spread, percentage spread 

than liquid firms on ESM9, but all of these firms have little difference in transaction costs 

after switching to TSE or GTSM. 

 
9 A comparison of TableⅡPanel A and Panel B shows that the more liquid stock on ESM would switch to TSE 
more possibly, while the less liquid stock on ESM would switch to GTSM more possibly. 



LP (in NT$) 4338 NT$1.420 NT$0.403 71180 NT$0.193 NT$0.049 -23.582 *
Percentage LP (in %) 4338 2.50% 1.06% 71180 0.34% 0.09% -17.522 *
Dollar Spread (in NT$) 4338 NT$5.446 NT$1.311 71180 NT$0.421 NT$0.103 -28.651 *
Percentage Spread (in %) 4338 9.14% 2.27% 71180 0.76% 0.18% -29.336 *

LP (in NT$) 5664 NT$1.773 NT$0.460 72735 NT$0.159 NT$0.021 -26.167 *
Percentage LP (in %) 5664 4.21% 0.80% 72735 0.35% 0.04% -38.775 *
Dollar Spread (in NT$) 5664 NT$5.348 NT$1.065 72735 NT$0.423 NT$0.050 -34.899 *
Percentage Spread (in %) 5664 12.42% 2.02% 72735 0.90% 0.09% -45.741 *

LP (in NT$) 10002 NT$1.655 NT$0.329 143915 NT$0.172 NT$0.027 -34.329 *
Percentage LP (in %) 10002 3.64% 0.73% 143915 0.34% 0.05% -36.257 *
Dollar Spread (in NT$) 10002 NT$5.380 NT$0.810 143915 NT$0.422 NT$0.061 -47.351 *
Percentage Spread (in %) 10002 11.33% 1.74% 143915 0.83% 0.10% -48.11 *

t-statistic of
differences
in means

Note: (*) indicates significant results at a level of respectively at 5%.

Standard
deviation

After Exchange Listing

After Exchange Listing

After Exchange Listing

Table Ⅲ
DIFFERENCE IN LIQUIDITY MEASURES FOR FIRMS THAT CHANGED THEIR TRADING LOCATION

Before Exchange Listing
Panel A : ESM to TSE (N=8)

t-statistic of
differences
in meansMean

LP is measured as the absolute difference between the transaction price and the midpoint of the most recent bid-ask quotes. Percentage LP is
defined as a standardized LP, and it is computed as the LP divided by the midpoint of bid-ask quotes.  Dollar spread is computed as the
difference between the ask and bid quotes. Percentage spread is defined as a standardized dollar spread, and it is computed as the dollar
spread divided by the midpoint of bid-ask quotes. The t-statistic of differences in means is measured asβfrom equation (10). If the t-statistic
for β is significantly negative, it implies that the liquidity is improved after exchange listing.

Number of
observation Mean

Standard
deviation

Number of
observation

Standard
deviation

Before Exchange Listing
Number of
observation Mean

Standard
deviation

Number of
observation Mean

Standard
deviation

t-statistic of
differences
in means

Panel B : ESM to GTSM(N=16)

Before Exchange Listing
Number of
observation

Panel C : ESM to TSE/GTSM

Mean
Standard
deviation

Number of
observation Mean

 

 

Figures 1 to 4 provide graphical evidence that a structural decline in trading costs 

coincides with the listing date (day 1). Figure 1 shows the behavior of the daily average LP 

for the switching stocks in the (-64, 64 days) period. Figure 2 shows the daily average dollar 

spread for the switching stocks. Figure 3 and Figure 4 show the proportional values of LP 

and dollar spreads. From graphical inspection, there is a dramatic and permanent reduction 

in the LP, percentage LP, dollar spread, and percentage spread for firms moving from the 

ESM to TSE or GTSM. In addition, Figure 1 and Figure 2 illustrate that the LP and dollar 

spread decline slightly in the pre-listing period. However, we observed inconsistent 

27 



tendencies for their proportional values, percentage LP and percentage spread. The 

percentage LP and percentage spread drop to the lowest level at the time about one month 

before the listing date, and begin to rise till the listing date. It implies that the midpoint of 

bid-ask quote is decreasing in the (-30, -1 days) period.  

 

Figure. 1. LP surrounding the listing date
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Figure. 2. Dollar spreads surrounding the listing date
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Figure. 3. Percentage LP surrounding the listing date
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Figure. 4. Percentage spread surrounding the listing date
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4.2 Estimation of bid-ask spread 

In this subsection, we apply Huang and Stoll’s (1997) three-way decomposition model 
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and Lin, Sanger and Booth’s (1995) model to estimate bid-ask spread components. The 

before exchange listing estimation period is (-64, 11 days), and the after exchange listing 

estimation period is (11, 64 days).10  

4.2.1 Huang and Stoll’s (1997) three way decomposition model 

Table  presents component estimates by using Huang and Stoll’s (1997) Ⅳ three way 

decomposition model. Component estimates are stated as a portion of dollar spread and the 

dollar value of each component. The dollar value of each component is calculated by 

multiplying its median proportion of the spread by mean dollar spread. For firms from ESM 

to TSE (Panel A), the median adverse selection cost is 2.5% of the dollar spread (NT$0.135) 

on ESM and 15.7% of the dollar spread (NT$0.066) on TSE. The median inventory holding 

cost is 7.1% of the dollar spread (NT$0.338) on ESM and 24% of the dollar spread 

(NT$0.101) on TSE. The median order processing cost is 95% of the dollar spread 

(NT$5.171) on ESM and 58.8% of the dollar spread (NT$0.247) on TSE. Table  Panel B Ⅳ

shows the estimation results for firms moving from ESM to GTSM. The median adverse 

selection cost is 3.5% of the dollar spread (NT$0.188) on ESM and 16.9% of the dollar 

spread (NT$0.071) on TSE. The median inventory holding cost is 3.5% of the dollar spread 

(NT$0.187) on ESM and 32% of the dollar spread (NT$0.135) on TSE. The median order 

processing cost is 93.1% of the dollar spread (NT$4.978) on ESM and 53.1% of the dollar 

 
10 Firms that change their listing locations may have IPO effect surrounding the switching date. For this reason, 
we exclude the sample period during (-10,-1 days) and (1, 10 days). We also estimate the full sample period 
(-64, 64 days), and the results are consistent with our findings in the estimation period: (-64, -11 days) and (11, 
64 days). 
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spread (NT$0.225) on TSE.  

We can find that the three spread components (adverse selection cost (α), inventory 

holding cost (β), order processing cost (γ)) vary similarly for firms moving from ESM to 

TSE or GTSM. The median proportional (α) and median proportional (β) increase after 

switching exchanges, while the median proportional (γ) decrease after switching exchanges. 

Although the median proportional adverse selection component and median proportional 

inventory component on TSE and GTSM are higher than on ESM, taking cost per NT$ of 

price into consideration, the adverse selection cost and inventory cost are higher on ESM 

than on TSE and GTSM. In addition, order processing component is the most important part 

of the dollar spread on ESM, TSE and GTSM We briefly summarize these results in Panel C 

of Table . Ⅳ 11

Empirical results of individual firms estimated from Huang and Stoll’s (1997) model 

are provided in Appendix C. For each of the 24 firms in our sample after switching to TSE 

or GTSM, the estimated probability of a trade reversal (π) is significantly lower than 50%, 

indicating positive serial covariance in trade flows. However, the estimated probability of a 

trade reversal (π) is significantly lower than 50% for only 7 out of the 24 firms on ESM. For 

most firms on ESM (16 out of the 24 firms), the estimated probability of a trade reversal (π) 

is significantly higher than 50%, indicating negative serial covariance in trade flows.  

Unfortunately, our empirical results for firms listing on ESM are very disappointing. 
 

11 We also apply Huang and Stoll’s (1997) two-way decomposition model to estimate the same sample. We 
obtain the similar findings to Huang and Stoll’s (1997) three-way decomposition model. The estimated results 
are presented in Appendix E. 
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The adverse selection component (α) is significantly different from zero for only 6 out of 

the 24 firms. Among the six α values, there are three negatives, and one is over 100% of 

dollar spread. The negative value or more than 100% of dollar spread for α is in 

contradiction with the theoretical model and economical sense. These problems are also 

found in the inventory component (β) and the order processing component (γ). On the 

contrary, most of the estimated parameters are significant on TSE and GTSM. But the 

problems about negative value and the value more than 100% of dollar spread for (α) and (β) 

still occur on TSE and GTSM. The problems of implausible estimates derived from Huang 

and Stoll’s (1997) model were also encountered by Huang and Stoll (1997), Clarke and 

Shastri (2000), Krishnan (2000), Van Ness et al. (2001), and De Winne and Platten (2003). 

Huang and Stoll (1997) argue that the implausible estimates are contributed to the low value 

of π. They propose that the lower π (π< 50%) is due to large orders traded at a single price 

but reported in a series of smaller trades, and the lower π would induce negative estimates of α. 

Clarke and Shastri (2000), Krishnan (2000), Van Ness et al. (2001), and De Winne and 

Platten (2003) follow Huang and Stoll’s (1997) suggestion to correct for the bias resulting 

from the splitting of transactions in trade reporting. But they find that the problems of 

implausible estimates derived from Huang and Stoll’s (1997) model still exist. For robust 

test, we further apply Lin et al.’s (1995) model to estimate spread components in the next 

subsection.              

 



Mean Median Mean Median
Adverse selection cost (α) -0.067 0.025 0.135 0.113 0.157 0.066
Inventory holding cost (β) 0.113 0.071 0.388 0.267 0.240 0.101
Order processing cost (γ=1-α-β) 0.954 0.950 5.171 0.620 0.588 0.247
Probability of trade reversal (π) 0.598 0.624 0.294 0.301

Mean Median Mean Median
Adverse selection cost (α) 0.184 0.035 0.188 0.838 0.169 0.071
Inventory holding cost (β) -0.074 0.035 0.187 -0.052 0.320 0.135
Order processing cost (γ=1-α-β) 0.889 0.931 4.978 0.214 0.531 0.225
Probability of trade reversal (π) 0.509 0.555 0.316 0.329

Mean Median Mean Median
Adverse selection cost (α) 0.101 0.032 0.173 0.597 0.157 0.066
Inventory holding cost (β) -0.011 0.063 0.339 0.054 0.269 0.114
Order processing cost (γ=1-α-β) 0.911 0.937 5.044 0.309 0.315 0.133
Probability of trade reversal (π) 0.538 0.576 0.349 0.561

Components of the spread are estimated using the Huang ang Stoll (1997) methodology. Our sample is during (-64, -
11 days) in the pre-listing period and (11, 64 days) in the post-listing period. The dollar value of each component is
estimated by multiplying its proportion of the spread in median by mean dollar spread. α measures the adverse
selection cost and βthe inventory cost. π is the probability of trade reversal. The order processing cost is given by (1-
α-β).

Estimates from Huang ang Stoll's (1997) three way decomposition model
Table Ⅳ

Before Exchange Listing After Exchange Listing
Panel A: ESM to TSE (N=8)

Dollar
Value(NT$)

Dollar
Value(NT$)

Dollar
Value(NT$)

Dollar
Value(NT$)

Before Exchange Listing After Exchange Listing

Dollar
Value(NT$)

Dollar
Value(NT$)

Panel B: ESM to GTSM (N=16)

Panel C: ESM to TSE/GTSM (N=24)
Before Exchange Listing After Exchange Listing

 

4.2.2 Lin et al.’s (1995) model 

Table Ⅴ reports the estimated spread components. From Panel C, the mean estimate of 

adverse selection cost (λ) is 27.5% on ESM, and increase to 44% on TSE/GTSM. The mean 

estimate for order processing cost is 25.9% on ESM, and 26.1% on TSE/GTSM. Their 

difference is not significant. The mean probability of trade reversal is 26.5% before 

exchange listing, and increase to 35% after exchange listing. We can also observe the same 

tendency of our sub-sample in Panel A for firms from ESM to TSE and for firms from ESM 

to GTSM in Panel B. 
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Furthermore, we provide the empirical results of individual firms in Appendix D. The 

adverse selection cost ranges from 10% to 86.9% for firms on ESM, and 23% to 64.1% for 

firms on TSE or GTSM. The order processing cost varies from 13.2% to 58.7% for firm on 

ESM, and 9.7% to 37.4% for firms on TSE or GTSM. Most of the estimates are 

significantly on ESM and TSE or GTSM.    

Mean Median Mean Median
Adverse selection cost (λ) 0.265 0.287 0.425 0.440

Order persistent (θ) 0.416 0.398 0.285 0.278

Order processing cost (γ) 0.337 0.329 0.290 0.297

Probability of trade reversal (π=(1-θ)/2) 0.292 0.301 0.357 0.361

Mean Median Mean Median
Adverse selection cost (λ) 0.281 0.251 0.447 0.454

Order persistent (θ) 0.498 0.481 0.307 0.296

Order processing cost (γ) 0.221 0.203 0.246 0.244

Probability of trade reversal (π=(1-θ)/2) 0.251 0.260 0.347 0.352

Mean Median Mean Median
Adverse selection cost (λ) 0.275 0.278 0.440 0.454
Order persistent (θ) 0.471 0.459 0.300 0.291
Order processing cost (γ) 0.259 0.248 0.261 0.252
Probability of trade reversal (π=(1-θ)/2) 0.265 0.270 0.350 0.355

Before Exchange Listing After Exchange Listing

Table Ⅴ
Estimates from Lin et al.'s (1995) model

Components of the spread are estimated using the Lin et al. (1995) methodology. Our sample is during (-64,
-11 days) in the pre-listing period and (11, 64 days) in the post-listing period. λmeasures the adverse
selection component of the effective spread and γreflects the order processing cost. Order persistence is
estimated through θ. Probability of order reversal, denoted π in Huang and Stoll (1997), is equal to (1-
θ)/2.

Panel A: ESM to TSE (N=8)

Before Exchange Listing After Exchange Listing
Panel C: ESM to TSE/GTSM (N=24)

Panel B: ESM to GTSM (N=16)
Before Exchange Listing After Exchange Listing
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In summary, both the Huang and Stoll’s (1997) and Lin et al.’s (1995) models indicate 

that the adverse selection cost is significantly lower on the ESM than on TSE or GTSM. 

This result may attribute to two reasons. First, the market makers on ESM shall meet one 

the following requirements12: 1. Assist firms in TSE listing or GTSM listing and have been 

so for at least three full months; 2. After an issuer's stock has been traded on the ESM for 

one full month, a securities firm which want to become a market maker for the issuer shall 

hold not less than 30,000 shares of the issuer’s stocks. This implies that the market makers 

on ESM often enjoy an information advantage compared with the public traders, and the 

potential informed traders may face difficulties to gain an advantage over the market maker. 

Second, ESM is a very thinly traded market. Therefore, informed traders are not easy to 

execute their orders in quantity requirement.  

The estimated result of inventory component by using Huang and Stoll’s (1997) model 

evidences that inventory holding cost is lower on ESM than on TSE or GTSM. This is 

because that ESM is a multi-dealer market, while TSE and GTSM are order driven markets 

with electronic limit-order book anonymously and automatically matching buy/sell orders. 

As Ho and Macris (1985), Vijh (1990), Ho and Stoll (1983) Grossman and Miller (1988), 

and Affleck-Graves, Hedge, and Miller (1994) note, the larger the group of dealers will lead 

to the lower the expected cost of inventory per unit by a market maker.     

Lin et al.’s (1995) and Huang and Stoll’s (1997) models produce inconsistent results on 

order processing cost and the probability of trade reversal. The order processing cost on 

ESM is higher than on TSE or GTSM by using Huang and Stoll’s (1997) model. However, 

 
12 ROC Over-the-Counter Securities Exchange Criteria Governing Review of Emerging Stocks Traded on the 
Over-the-Counter Market Article 7-3: A recommending securities firms shall be a securities firm assisting 
issuers in TSE listing or GTSM listing of their stock and have been so for at least three full months.  
ROC Over-the-Counter Securities Exchange Criteria Governing Review of Emerging Stocks Traded on the 
Over-the-Counter Market Article 10: After an issuer's stock has been traded on the ESM for one full month, a 
securities firm may apply in writing to the GreTai to become a recommending securities firm for such stock 
without being subject to the qualifying conditions set forth in Article 7-3, provided that such securities firm 
shall hold not less than 30,000 shares of the issuer. 
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the order processing cost on ESM or TSE/GTSM are not significantly different by using Lin 

et al.’s (1995) model. In addition, the probability of trade reversal in higher on ESM than on 

TSE and GTSM by applying Huang and Stoll’s(1997) model , while it is lower on ESM 

than on TSE and GTSM by applying Lin et al.’s (1995) model. Both the Lin et al.’s (1995) 

and Huang and Stoll’s (1997) models on our empirical result of the probability of trade 

reversal are lower than 50 % on TSE and GTSM. Both the Lin et al.’s (1995) and Huang 

and Stoll’s(1997) models suggest that the trade flows are positively correlated. It implies 

that order splitting strategies may be exercised on these two markets. In contrast to ESM, 

the trade flows are negative correlated (π>50%) using Huang and Stoll’s (1997) model, 

while the trade flows are positive correlated (π<50%) using Lin et al.’s (1995) model. 

 

 

 

 

 

 

 

 

 

 

 


