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Abstract: Dichotomous comparisons of evenly-pivoted pre- and post-event windows show that co-trading of 38 stocks each from the Australia Stock Exchange (ASX) and the Singapore Stock Exchange (SGX) accrues asymmetric benefits for stocks of the Singapore Stock Exchange.  Portfolio risk decreases and return-per-unit-risk ratio increases for SGX stocks post-co-trading, and they show no statistical significant change for the stocks of the ASX.  The average individual stock’s total risk, systematic risk, and idiosyncratic risk all decrease for SGX stocks after the introduction of co-trading, but not so for the ASX stocks.  Trading volume and bid-asked spread, however, show no statistically significant change for both bourses pre- and post-co-trading.  The ASX unilaterally terminated co-trading after less than 3½ years while SGX diligently seeks new partner exchanges for co-trading.
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1.
Introduction

Australian Stock Exchange (ASX) and Singapore Stock Exchange (SGX) announced co-trading of their stocks on Thursday, December 13, 2001. The Singapore media reported the announcement as an innovation to widen the pool of investors by providing additional direct access to local investors of foreign-market investments via the electronic linkage between the two national exchanges.  A week and a day after the announcement, co-trading began with fifty stocks from each exchange.   Later, on mm-dd-200x, co-trading stock number increased to one hundred from each exchange.

The ASX-SGX co-trading initiative saw the world’s first collaboration that linked two national exchanges electronically.  We investigate the impacts that resulted from the electronics linkage. Specifically, we examine the impacts along the paradigms that co-trading ameliorates the diversification opportunity sets for investors in different industries and economic structures, and it enlarges electronically the pool of investors for issuing firms to raise capital from. 

This research investigates empirically the advantages, if any, of co-trading. At the time of writing, the SGX and the Bursa Malaysia announced that they would establish a similar electronic link by year 2006.  SGX is also negotiating with the Philippines Stocks Exchange to co-link the two national exchanges. Thus, the findings in this research may provide more justification for the SGX to expand co-trading to the other ASEAN countries and beyond in the future.

It is worth noting that co-trading is indeed quite dissimilar to, although commonly mistaken to be the same as, cross-listing which has been well studied so far.  Hence, this study will debut the empirical evidence on co-trading.
1.2 Introduction to Co-trading

The ASX-SGX co-trading allows trading of securities and the clearing of settlement electronically. The linkage enables investors from the two exchanges to trade selected securities in the other exchange via local brokers, in local currency and through local custody accounts.  At the same time, the link provides brokerage houses in both exchanges with the market and trading information of the co-trading stocks.  Investors from Australia could trade SGX stocks via ASX World Link, meanwhile SGXLink provides Singapore investors to trade ASX stocks.

The trading mechanism is similar to trading local securities, except that the quoted price is denominated in foreign currency. For example, Singapore investors trading ASX securities, the orders will be placed through local brokers, and the securities traded will be denominated in Australian Dollars. The securities will be held in the Central Depository (CDP) account and the holding of these ASX securities will be reflected in the same securities account as the holdings of SGX securities. 

Similarities and differences exist between co-trading and cross-listing. Cross-listing is dual or triple listing of a same stock in different exchanges whereas co-trading is the same stock listed in one exchange while the trading activities take place in two or more exchanges. As a result, stock price for co-trading is the same in the two exchanges while stock price for cross-listing is only correlated.  Similar to cross-listing, co-trading does not require contemporaneous trading hours because investors could still place the order through local brokerage house. Another similarity is the increase in firm visibility to overseas investors.  Ceteris paribus, this is expected to increase the dual-listed or co-trading firm’s liquidity. 

The major advantage of co-trading over cross-listing is lower listing and maintenance cost as issuing firms do not need to comply with two exchanges’ regulations and accounting rules.  In addition, there are no additional compliances to disclosure requirements.  Another advantage of co-trading is that it allows investors to diversify their portfolios through investing in foreign markets. Investors could spread their portfolio risk and limit the impact of any adverse performance of the local market.  A recent example was the Asian Financial Crisis in 1997 when the Singapore exchange market was badly affected but the Australian market was incipient of a bull run.  Co-trading also allows investors to diversify their portfolios by investing in different industry sectors and economics structures.  For example Singapore investors could invest in the mining sector in Australia while the Australian investors could invest in the electronics sector in Singapore.  In addition, there are many foreign-based firms from China, Hong Kong and South East Asia that list their stocks in SGX.  Australia investors could invest with ease in these non-Singapore foreign-based firms via co-trading with the SGX portal.

The disadvantage of co-trading is that it exposes investors to the currency risk and interest rate risk.  Any fluctuations of the exchange rate and interest rate between Australian Dollars and Singapore Dollars will directly affect investors’ net gain.
1.3 Structure and Organization of This Research

Section 2 examines the changes in the portfolio risk of the co-trading stocks. We use the re-sampling technique to construct different sizes of portfolio from the pool of co-trading stocks.  We test statistically the changes of the portfolio risk of the co-trading stocks before and after the introduction of co-trading.  We then proceed to construct the efficient frontier of the portfolio that consists of all the co-trading stocks, and to investigate the resulting shift in any risk-return tradeoff.

Section 3 investigates the impact of co-trading on the variance of weekly returns over 4 years.  Using the single index model, we study the changes in total risk, market risk and firm-specific risk of each individual co-trading stock.  In addition, we compare the equality of market-index variance of weekly return in an attempt to determine if its change is due to the general market movement or due to the introduction of co-trading.  Next, we study the immediate impact on daily price volatility by focusing on the changes of volatility over 50-day and 100-day periods before and after the launch of co-trading by using the volatility models of Garman and Parkinson (1980).

Section 5 examines the changes in trading volume before and after the inception of co-trading.  Finally, we examine the impact of bid-ask spread which represents the transaction cost that varies inversely with trading volume.  Section 6 examines the changes of the spread and, co-relates the results with trading volume.   Section 7 concludes.
1.4 Research Samples

We started the sample with all the 50 co-trading stocks each from the Australia Stock Exchange and the Singapore Stock Exchange. The final sample comprised of 38 stocks from each exchange. We excluded stocks that had:

1. Insufficient historical data which are set at two years before and two years after the co-trading start date.
2. Changes in the firms business risk when they underwent mergers and acquisition. 

3. Delisting during the period of interest

Appendix A presents the list of the initial 50 co-trading stocks each from SGX and ASX while Appendix B presents the list of the final two portfolios of the 38 stocks each used in this study.  Moreover, we excluded the returns for the week following September 11, 2001 incident because the extra-ordinary nature of the event introduced too much uncontrollable noise which could inordinately affect the outcome of any study.

The following table presents the summary statistics of the two portfolios of 38 stocks each from ASX and SGX, based on four years of weekly return data pivoted (2 years about the introduction of co-trading on December 21, 2001.
	
	Australia Stock Exchange
	Singapore Stock Exchange

	
	Weekly Return
	Variance of Return
	Beta
	Weekly Return
	Variance of Return
	Beta

	Mean
	0.0011
	0.0018
	0.64
	0.0005
	0.0035
	1.10

	Median
	0.0016
	0.0012
	0.65
	0.0005
	0.0025
	1.15

	STD
	0.0026
	0.0019
	0.56
	0.0031
	0.0030
	0.54

	Min
	-0.0095
	0.0003
	-0.31
	-0.0061
	0.0012
	-0.12

	Max
	0.0052
	0.0107
	2.46
	0.0077
	0.0158
	2.25


1.5 Literature Review

Co-trading is a novel financial market innovation and little, if any, directly relevant literature exists.  Hence, we base the empirical analyses on classical and extant financial models.  We estimate the portfolio’s risk and return base on the mean and the variance of the modern portfolio theory proposed by Harry Markowitz in his 1952 seminal paper published in The Journal of Finance
.  Markowitz showed that the variance of the rates of return is the measurement of the portfolio’s total risk. The general formula for the portfolio’s total risk or standard deviation is defined as:
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where  (port 
= the standard deviation of portfolio


(i2 
= the variance of rate of returns for stock i


wi, wj
= the weights of the individual assets i and j in the portfolio

σij 
= the covariance between the rates of return for assets i and j, where σij= rij(i(j, and rij is the correlation coefficient of returns between assets i and j
The model shows that the portfolio total risk is the sum of weighted average of variances and the sum of all the co-variances permutated binomially between any two assets’ returns.  As the number of assets increases in the portfolio, assuming equal weight of the assets in the portfolio, it can be shown algebraically that the co-variance risk will dwarf the variance risk such that the portfolio total risk gravitates asymptotically to the average co-variance of all the binomially-permutated asset combinations.  Further addition of assets results in superfluous diversification and, the portfolio’s total risk will only decrease marginally.  The average co-variance level now represents the systematic risk or market-related risk.  At this point, the systematic risk is the non-diversifiable risk that exists in the market, and all the unique risk for individual stocks has been diversified.


Mark B. Garman and Michael J. Klass (1980)
 derived a model to estimate the price volatility from historical data. The model uses publicly-available data such as closing-opening prices and high-low prices for estimation. The basic structure of the model is that stock prices are governed by the diffusion process. Classical volatility estimator is given as:
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where 
C1 = today’s close price

C0 = previous close price
However, high and low prices contain more information for volatility compared to open and close prices. The high and low prices capture continuous monitoring during trading interval whereas open and close prices are only “snapshots” of inception and conclusion of a trading interval or day.  As a result, the Garman-Klass model that uses high and low prices is more than eight times more efficient than the classical volatility estimator.  The Garman-Klass estimation model follows.
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where 
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f  = fraction of the day (interval [0,1]) that trading is close



u = H1 – O1


d = L1 – O1


c = C1 – O1


a = constant = 0.12



H1 = today’s high price



L1 = today’s low price



C​1 = today’s close price



O1 = today’s opening price
We estimate the changes in the transaction cost for the co-trading stocks by the bid-ask spread.  Richard Roll
 (1984) derived a model to effectively estimate the bid-ask spread by using serial covariance of the stock daily or weekly returns.  The main advantages of the Roll model are its simplicity and ease to use because only daily prices are used for estimation.  However, the Roll model entails 2 assumptions, viz., the asset is traded in an informationally- efficiently market, and the probability distribution of observed price changes is stationary for a short interval such as two months.
2.
Impact on portfolio risk and risk-return tradeoff

Co-trading increases in the number of stocks available to investors, and endows the investors with mean-variance superior investment opportunity sets.  Different stock exchange market structures, different type of industries, and different stocks characteristics, such as growth rate and dividend policies, are some of the factors that improve the investment opportunity set for diversifications.  The improved opportunity set is expected to lead to changes in the trading patterns of the investors, and the new trading patterns are expected to positively affect the investors’ risk-return tradeoffs.  A positive impact implies that a portfolio will have lower expected standard deviation of the returns, given that most investors are risk averse. Therefore, we expect the portfolio risk to decrease after the introduction of the co-trading.

Hypothesis 1:  A priori, we expect portfolio standard deviation of the returns of co-trading stocks to be lower after co-trading than that before co-trading

Investigation on portfolio standard deviation is insufficient to provide conclusive evidence to the positive impact of co-trading because there is always a tradeoff between risk and return.  A lower portfolio standard deviation could have been attained as a result of a decrease in portfolio return.  However, with the increase in firm value and liquidity due to increase in firm visibility, variance of return for portfolio that consists of all co-trading stocks is expected to be lower.  To screen out the “lower-variance lower return” effect, we estimate the return per unit risk ratio.  We expect the return-per-unit-risk ratio to increase with the introduction of co-trading. 

Hypothesis 2:  A priori, we expect the return-per-unit-risk ratio for co-trading stocks to be higher after co-trading than the ratio before co-trading
2.1 Research Methodology


We use weekly returns data two years before and two years after the co-trading launch.  We culled daily prices from DataStream during the 4-year period.  We then estimated weekly returns using Wednesday prices to eliminate any weekend effect.  If a Wednesday were a non-trading day, we used the Tuesday prices instead. There were 208 weekly returns/observations from December 22, 1999 through December 17, 2003 for Australia Stock Exchange and Singapore Stock Exchange.


We used a re-sampling technique to simulate the portfolio risk with different portfolio sizes (i.e. different number of stocks in the portfolio).  The re-sampling technique is as follows: For portfolio of 5 stocks, for instance, a program written in C will randomly select 5 stocks concurrently from the pool of 38 stocks. The portfolio risk for these 5 stocks before co-trading and after co-trading are computed and recorded. The change of the portfolio risk is also recorded, i.e. portfolio risk after co-trading subtracts portfolio risk before co-trading. With replacement, the program will select again 5 stocks simultaneously, compute and record the portfolio risk before and after and the change.  This is repeated for (n-1) times until n = 100 in this study in order to have sufficient data for statistical analysis.  As a result, there will be 100 observations for portfolio size of 5 stocks. This technique is repeated unitarily from portfolio size of 1 stock to portfolio size of 36 stocks.

The mean of the 100 observations is used to represent the portfolio risk. The results are plotted in Figure 1. The controlled 100 observations of the change in portfolio risk are used for statistical significance testing using paired t-test, which is given as: 
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where 
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 = the average of the change in portfolio risk from 100 re-sampling observations, D1, D2, …D100.
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assumed to be zero for 2 tails paired t-test


s = standard deviation of the 100 re-sampling change in portfolio risk



n = number of observations

In addition, we conduct sign test to supplement the statistical analysis for this change. The change in portfolio risk is positive when the portfolio risk after co-trading is higher than that before co-trading, and vice versa for negative change.
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where 
M = number of positive observations


N = number of total observations

From the two years before-and-after weekly returns data, we estimated the variance-covariance matrix before-and-after for the 38 co-trading stocks.  We then used the results to plot the efficient frontier and to determine the global minimum variance portfolio.  The different weights of the co-trading stocks in this portfolio present the return with the lowest risk of any feasible portfolios.  Assuming investors to be risk averse, the return and risk at this point will be used for comparison study.  The risk-return tradeoff defined here is the return per unit of risk for the global-minimum-variance portfolio.

2.2 Findings and Analyses

Figure 1 presents the changes in portfolio standard deviations for ASX and SGX.  The non-diversifiable risk for ASX co-trading stocks begins at portfolio size of 30.  From portfolio size equal or greater than 30 stocks, the portfolio standard deviation increased from 1.41% before co-trading to 1.47% after co-trading launched.  As reported in Table 1, this increase is statistical significant by both paired t-test and sign test. From portfolio size 13 onwards, the increase is equal or less than 1% significance level.

On the other hand, Figure 1 shows a decrease in non-diversifiable risk for SGX after co-trading commenced.  The non-diversifiable risk is 3.38% at portfolio size 30 before co-trading, and reduced to 2.85% at portfolio size 20. The decrease of 0.53% is statistical significant as indicated in Table 1.  All the portfolio sizes from 1 to 36 show very significant decrease in portfolio standard deviation; both paired t-test and sign test results are less than 1% significance level.


The findings are contradicting for ASX and SGX. The evidence shows statistically significant increase in portfolio standard deviation for ASX while a decrease in SGX. Therefore, Hypothesis 1 is only true for SGX, whereas it cannot be accepted for ASX. 


Figure 2 illustrates the efficient frontier for ASX and SGX before/after co-trading, assuming no short-selling restriction.  The global-minimum-variance portfolio for ASX before co-trading is at 0.03% risk with 0.96% returns, and after co-trading at 0.77% risk with -0.10% returns. The return per unit of risk ratio decreased from 0.03 to -0.13. For SGX co-trading portfolio, the return-risk ratio tradeoff ratio improved from 0.09 to 0.19, i.e. 2.18% risk with 0.16% returns before co-trading and 1.61% risk with 0.19% returns after co-trading. Note the efficient frontier with short-selling not allowed, similar qualitative trend is observed, i.e., decrease in return-risk tradeoff ratio for ASX and increase in the return-risk ratio for SGX.


The observed historical data showed that Hypothesis 2 is only accepted for SGX, while it cannot be accepted for ASX.  There is an increase in return per unit of risk ratio for SGX and at the same time, a decrease in the ratio for ASX.


In conclusion, the findings for portfolio standard deviation are comparable to the findings for return-risk tradeoff ratio.  Co-trading has benefited SGX investors, as it is shown that there was an improvement in risk-return tradeoff ratio as well as a lowering in portfolio return volatility.  However, we observed the contrary for ASX. 

3.
Impact on co-trading stocks at firm level

Co-trading increases the pool of investors for the co-trading stocks.  Ideally, the enlarged pool of investors is expected to increase co-trading stocks’ respective visibility and firm value.  Furthermore, co-trading has similar impact as cross-listing; it mitigates the negative effect of market segmentation.  This is expected to result in lower required rate of return from investors and therefore reducing the cost of capital for the firm.  These arguments lead to the hypothesis that co-trading can possibly enhance individual stock’s quality.  At the firm level, we expect the variance of return for individual co-trading stocks to decrease after the introduction of co-trading.

Hypothesis 3: Lower variance of return for individual component of co-trading stocks.

Co-trading results in a more diverse pool of investors with more heterogeneous market sentiments, culture background and expected rate of returns.  As a result, we expect reduced market segmentation to decrease the co-movement of co-trading stocks’ returns with respect to the market returns.

Hypothesis 4:  Lower correlation of individual co-trading stocks to market index return
3.1
Research Methodology


We used the single index model to examine the changes of the variance of weekly returns for individual co-trading stocks.  At firm level, we examine the firm co-trading firms’ total risk, market-related risk, and firm unique risk.  We used the Straits Times Index (STI) for the SGX and the  All Ordinaries (AORD) for the ASX.  To maintain consistency with Section 2, we use the same two years before-and-after co-trading weekly returns to estimate the portfolios’ standard deviations. 


The single index model posits that the return of a stock depends on two factors: the return that is correlated to the market performance and the return that is independent to the market performance.  Hence, the variance of the stock i return (or total risk) follows as:

(i2 = (i2​(m2 + (ei2
(6)

where (m2 = variance of rate of return of the market index

(ei2 = variance of  ei, where ei is the random element of stock i return that is independent of the market performance

The total risk of any stock has two components: (i2​(m2 is market-related non-diversifiable risk, and (ei2 is diversifiable unique risk.


Each of the two samples in our study consists of 38 co-trading stocks of the two national exchanges.  We estimated the three components of risk, and their betas, and are we tested the changes by the t-statistics.  The change in individual stock is defined as the individual risk after co-trading subtracts individual risk before co-trading.  The results are tested by paired t-test and sign test.


We then extended our investigation into the equality of market index variance of return before and after co-trading.  The purpose is to validate the findings are not due to changes in the market return but due to co-trading.  We assumed that the market index variance of return to follow the F-distribution.

3.2 Findings and Analyses 

Table 2 presents the average firm-specific risk, market-related risk, total risk and beta of individual component of co-trading stocks.  For ASX, we observe decreases in the firm- specific risk and total risk, and increase in market-relate risk.  However, these changes are not statistical significant by t-test.  On the other hand, beta for individual ASX co-trading stocks increased with significance level less than 5%.  The findings for SGX collectively show reductions in firm-specific risk, market-related risk, total risk, and beta, all with significance level less than 1% except for beta that is only less than 5% significance level. Therefore, Hypothesis 3 and Hypothesis 4 cannot be cohesively accepted for ASX, by they are collectively accepted for SGX. 


The results in Table 3 show that the standard deviation of the Australian AORD index return is reduced but not statistically significant while the standard deviation of the Singapore’s STI index return is reduced statistically significant at 1% significance level. 


The results show that co-trading provided no positive benefits for the ASX, and indeed negative benefits as measured by the increased beta value for the co-trading ASX stocks.  However, co-trading benefited SGX co-trading stocks with decrease in the market-related risk and lowering in co-trading stocks’ betas.  Nevertheless, there is insufficient evidence to conclude that lower firm-specific risk and total risk of SGX co-trading stocks are mainly incurred by the co-trading electronics link. Reason: during the same period, SGX market index experienced lower market variance of return.

4.
Immediate impact on price volatility

The investigations so far using the volatility of returns over the four-year period show higher volatility for ASX at firm and portfolio levels, and lower volatility for SGX at firm and portfolio levels.  However, during this period, it is also shown statistical significantly that the SGX market index experienced lower volatility.  The decrease in SGX market index volatility creates ambiguity that compromises the conclusiveness of to the study.  Therefore, the benefits on SGX can no longer be solely attributed to the introduction of co-trading.  Hence the purpose of this section is to supplement the findings by extending the investigation to the immediate impact on price volatility.


Using the same arguments for immediate impact as in the previous section, we posit that as a result of an improvement in the set of diversification opportunities, an increase pool of investors and a decrease in market segmentation, the price volatility of co-trading stocks is expected to be lower compared to that of the market index. 

Hypothesis 5: Lower price volatility for co-trading stocks compared to the market volatility
4.1 Research Methodology


We downloaded closing price, daily high price and daily low price from DataStream. We used the obtained prices in two volatility models, i.e. Garman-Klass model as shown in Equation (3), and the High/Low (H/L) spread model as follows.
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From the two models, we computed the time-series volatility for each model. The periods of interest are: 50 days, 100 days, and 200 days.   We regressed the volatility computed against the trading days for these periods.  We then tested the slope of the regression for statistical significance using the regular t-statistics.  In addition, the time-coefficient of the co-trading stocks volatility is tested if it is greater than the time-coefficient of the market volatility. 


We conducted an additional statistical test on the change in volatility of the co-trading stocks. The change in volatility is the daily average volatility for one stock after co-trading minus the daily average volatility before co-trading.  Each difference represents one co-trading stock, and as a result, there are 38 samples that represent all the 38 co-trading stocks.

4.2
Findings and Analyses

Figure 3 shows the time series of volatility for ASX-SGX co-trading stocks and market index for three periods of study.   Results in Table 4 show that for ASX, there are statistically significant negative slopes for co-trading stocks for 200-day in both the models, and only 50-day by the High-Low spread model.  The remaining trading periods from the two models show increases in volatility, but they are not statistically significant.  Meanwhile, for the same three periods, all the market index slopes are significant negative values and there are four with less than 1% significance level for the 100-day and 200-day intervals by both models.  Consequently, this resulted in a mix of positive slopes and negative slopes when the time-coefficient of co-trading volatility is tested against time-coefficient of market volatility.  Furthermore, the increase or decrease in volatilities are not supported statistically, except for 200-Day by Garman-Klass model with less than 1% significance level.


The findings for SGX co-trading stocks are lower volatility for all the three periods estimated by the two models.  However, all the regression slopes for the market volatility are negative, but only 200-day interval is statistically significant from both models.  As a result, when the time-coefficient of co-trading volatility is tested against the time-coefficient of market volatility, the resulting slopes are negatives and they are statistically significant, except for 50-day interval estimated the by High-Low spread model.


From these findings, Hypothesis 5 is acceptable for the SGX but is not acceptable for the ASX.  Although the change in volatility for ASX co-trading stocks is statistically significant lower (especially estimated by the High-Low spread model) after co-trading, this positive impact is mainly due to lower market volatility and is not due to co-trading.  On the other hand, it is a positive impact of co-trading onto the SGX exchange market.  This is deduced from negative change in volatility for co-trading stocks and this change is supported by significant negative slopes when the time-coefficient of co-trading volatility is tested against time-coefficient of market volatility.

5.
Impact on trading volume

In the joint press release by ASX-SGX on the December 13, 2001, the stated objective of co-trading is to deepen the pool of investors by providing an electronics link for Australia investors to invest in Singapore, and vice versa.  This link creates a single and larger pool of investors by merging investors from both countries virtually.  It also meant to create investors’ interest in diversifying their portfolios to the other participating country.  As a result, the larger number of investors should generally lead to increase in trades and thus increase co-trading firms’ liquidity. This leads to deduction of following hypothesis.

Hypothesis 6:
 Higher trading volume for co-trading stocks
5.1 Research Methodology


We downloaded the daily trading volumes of all co-trading stocks, and those of AORD and STI indices from DataStream.   The investigation of trading volume is divided into three periods: 100, 200 and 400 trading days pivoted evenly at the launch date of co-trading.  The sum of all 38 co-trading stocks’ volume represents the trading volume for co-trading stocks.  Co-trading stocks and the market trading volumes are then regressed against trading days.  Additionally, the time-coefficient of co-trading volume is tested against the time-coefficient of market volume.
5.2 Findings and Analyses

Results in Table 5 show the immediate change in trading volume for ASX and SGX. For the ASX, we found that the co-trading volume tracks positively with the movements of market trading volume over the three periods; increased when the market increased and decreased when it decreased.   However, when we tested the time-coefficient of co-trading volume against the time-coefficient of market volume, we obtained somehow unexpected results.  For 200-days and 400-days, the increase in co-trading volume is statistical significant lower than the increase in market volume, with both less than 5% significance levels.  This implied that the increase of co-trading volume was market-driven and not as a result of the introduction of co-trading.


For the SGX, there was no significant increase in co-trading volume during the three periods.  Although in 200-day interval, there is a less-than-5%-significant level of increase, the observation is more market driven especially when it is tested against the increase in market volume.   In sum, all the three time-coefficient testings against market show no statistically significant increase in trading volume.


From the above observations, it is concluded that Hypothesis 6 is rejected for both the ASX and the SGX.

6.
Impact on transaction cost

Transaction cost is a dead-weight loss for investors of the benefit from co-trading because it directly decreases the potential gain of investment.  Transaction cost is also especially important to institutional investors who need to manage the equity portfolios actively to meet their investment objectives.  Aside from investors, transaction cost is also a factor that affects regulators.  Following Khorana and Servaes 
 (1999) study in mutual fund industry in 56 countries, they found that mutual fund industry is larger in countries with lower trading or transaction cost.  Hence, if Singapore and Australia aspire to become regional financial hubs, the lower transaction cost will help to develop the respective financial markets.


Transaction cost is the sum of (1) commission paid for executing the trade and (2) bid-ask spread which is the difference between the requested price and offered price, and the difference is the market-making cost earned by traders.  Commission paid is expected to be the same before and after co-trading unless there are changes in the regulations.  However, there are various factors affecting the bid-ask spread such as trading volume, the stock price, the number of market makers, and the risk of the stock.  Another factor that affects the spread is the cost factor. Stoll
 summarized and modeled the three main components of cost factors: (1) order processing costs; (2) inventory costs, and; (3) adverse information costs. 


We expect co-trading to improve the market quality of both the ASX and the SGX. It is expected to increase the trading activities and to reduce the volatility of the co-trading stocks.  If every factor that affects bid-ask spread remained unchanged, we conjecture that higher trading volume and lower volatility will result in lower bid-ask spread.

Hypothesis 7:
 Lower bid-ask spread after co-trading launch for the ASX and the SGX
6.1 Research Methodology


The bid-ask spread is estimated based on Richard Roll
 model published in The Journal of Finance 1984. The effective percentage of bid-ask spread is estimated as:


Spread, 
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where
Cov = serial covariance of percentage returns

The model assumes that the probability of observed price changes is stationary for at least two months.  Therefore, the duration in this study is selected at 100 trading days before and 100 trading days after the co-trading launch. The serial covariance of a stock based on 100 days’ daily returns is computed as:


Let 
t = day 0, the date when co-trading launched
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Serial covariance, 
Covbefore = 
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Similarly, 

Covafter = 
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Thus, the bid-ask spread before and after co-trading can be computed using Equation 8.  Note that if the serial covariance computed for a stock is a positive figure, the effective estimated bid-ask spread will return a complex number. If the bid-ask spread of a stock has complex number either before or after co-trading, we excluded the stock from the sample.  The change in the spread is the spread after co-trading subtracts the spread before co-trading, the results is used as one sample for statistical analysis.

6.2 Findings and Analyses

Table 6 presents the change in effective bid-ask spread within the 200 days pivoted evenly at co-trading launch date.  From the pool of 38 stocks, there are only 9 samples from ASX that have positive bid-ask spreads before and after co-trading, whereas there are only 12 from SGX.  Numerically, both the ASX and the SGX experienced lower spread after co-trading, as it is shown with lower means and medians. Also, the change in the bid-ask spread has negative means and medians.  However, this finding is weakly supported statistically. Paired t-statistics has the p-value of 0.15 for the ASX and a corresponding p-value of 0.14 for the SGX.  Only sign test shows that both the ASX and the SGX narrowed the spread with less than 5% significance level.  From this finding, Hypothesis 7 cannot be accepted for both the ASX and the SGX.

8.
Conclusions

The investigations on various impacts of co-trading showed little or no expected outcomes for the ASX and the SGX.  The electronic link did not live up to the initial expectations, and it did not benefit both exchanges symmetrically. The results here show only SGX co-trading stocks experienced immediate improvement of lower volatility within the 200-day pivoted time window when co-trading commenced.  In addition, only SGX co-trading stocks experienced decrease in market-related risk and beta.  Asides from these, there was no marked increase in the trading volume and no significant improvements in market quality such as lower bid-ask spread.  At the time of writing of this report, the ASX announced on the May 26, 2005 that it would close the ASX World Link which is part of the ASX-SGX co-trading.  This announcement is consistent with the research findings on ASX’s benefits on co-trading.


One of the possible reasons that explain this observation is that many of the international banks and brokers already have the networks to facilitate institutional as well as sophisticated retail investors to diversify their portfolio internationally. Thus ASX-SGX co-trading is a superfluous facility to these international networks and online trading account. Nonetheless, co-trading is a novel financial innovation that debut the amalgamation of  two national exchanges for cross-border trading.  It will be an interesting comparison study when SGX starts co-trading with the national exchange of Malaysia, the Bursa Malaysia, which is currently planned to begin by 2006.  In addition, SGX is currently discussing with the Philippine Stock Exchange for a similar electronic link.  If these two additional links materialize, future research on the co-trading topic can be used to further gage the pros and cons of co-trading.
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Table 1: The Changes On Portfolio SD With Different No Of Stocks

Table 1 is a summary of changes in portfolio standard deviation (SD) for ASX-SGX co-trading stocks. Portfolio size increases from 1 stock to 36 stocks. In every size, the stocks are randomly selected from the pool of 38 co-trading stocks simultaneously without replacement. Using weekly returns, the portfolio SD 2 years before co-trading and 2 years after co-trading is computed. The different for portfolio SD after co-trading subtract portfolio SD before co-trading is recorded as 1 sample.  The portfolio is re-sampled 100 times and the difference in every re-sampling is recorded. As a result, for every portfolio size, there will be 100 samples represent the change in portfolio SD due to co-trading. Paired t-test is conducted based on these 100 samples using 
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	Portfolio Size
	ASX

	(No of Stocks)
	Mean
	Median
	SD
	Paired t-test
	N- | N+
	Sign Test

	1
	-0.002630
	-0.002352
	0.011342
	-2.31**
	70 | 30
	-4***

	2
	0.000530
	-0.000485
	0.006555
	0.81
	53 | 47
	-0.6

	3
	-0.000643
	-0.001259
	0.005163
	-1.24
	56 | 44
	-1.2

	4
	-0.000682
	-0.000954
	0.003107
	-2.19**
	65 | 35
	-3***

	5
	-0.000249
	-0.000704
	0.003151
	-0.79
	57 | 43
	-1.4

	6
	-0.000111
	-0.000245
	0.002976
	-0.37
	57 | 43
	-1.4

	7
	-0.000020
	-0.000189
	0.002514
	-0.08
	57 | 43
	-1.4

	8
	0.000164
	-0.000198
	0.002393
	0.69
	52 | 48
	-0.4

	9
	0.000199
	0.000044
	0.002055
	0.97
	49 | 51
	0.2

	10
	0.000559
	0.000538
	0.002166
	2.58**
	41 | 59
	1.8*

	11
	0.000207
	0.000312
	0.001967
	1.05
	44 | 56
	1.2

	12
	0.000299
	0.000174
	0.001939
	1.54
	46 | 54
	0.8

	13
	0.000686
	0.000699
	0.001858
	3.69***
	34 | 66
	3.2***

	14
	0.000608
	0.000603
	0.001570
	3.87***
	34 | 66
	3.2***

	15
	0.000757
	0.000604
	0.001669
	4.54***
	34 | 66
	3.2***

	16
	0.000515
	0.000478
	0.001462
	3.52***
	34 | 66
	3.2***

	17
	0.000798
	0.000939
	0.001495
	5.33***
	29 | 71
	4.2***

	18
	0.000604
	0.000683
	0.001490
	4.05***
	35 | 65
	3***

	19
	0.000703
	0.000726
	0.001421
	4.95***
	28 | 72
	4.4***

	20
	0.000836
	0.000752
	0.001279
	6.54***
	25 | 75
	5***

	21
	0.000723
	0.000636
	0.001188
	6.08***
	30 | 70
	4***

	22
	0.000809
	0.000916
	0.001303
	6.21***
	30 | 70
	4***

	23
	0.000719
	0.000690
	0.001041
	6.91***
	24 | 76
	5.2***

	24
	0.000740
	0.000568
	0.001048
	7.06***
	23 | 77
	5.4***

	25
	0.000780
	0.000753
	0.001037
	7.53***
	26 | 74
	4.8***

	26
	0.000808
	0.000801
	0.000725
	11.14***
	13 | 87
	7.4***

	27
	0.000858
	0.000924
	0.000890
	9.65***
	12 | 88
	7.6***

	28
	0.000811
	0.000801
	0.000858
	9.45***
	16 | 84
	6.8***

	29
	0.000900
	0.000935
	0.000730
	12.33***
	14 | 86
	7.2***

	30
	0.000657
	0.000672
	0.000724
	9.07***
	16 | 84
	6.8***

	31
	0.000894
	0.000870
	0.000672
	13.30***
	10 | 90
	8***

	32
	0.000893
	0.000880
	0.000616
	14.50***
	7 | 93
	8.6***

	33
	0.000935
	0.000941
	0.000533
	17.55***
	4 | 96
	9.2***

	34
	0.000953
	0.000989
	0.000416
	22.93***
	1 | 99
	9.8***

	35
	0.000923
	0.000960
	0.000410
	22.53***
	1 | 99
	9.8***

	36
	0.000902
	0.000932
	0.000301
	30.00***
	1 | 99
	9.8***


Table 1: The Co-trading Effect On Portfolio SD With Different No Of Stocks – cont

	Portfolio Size
	SGX

	(No of Stocks)
	Mean
	Median
	SD
	Paired t-test
	N- | N+
	Sign Test

	1
	-0.016652
	-0.013840
	0.016098
	-10.34***
	92 | 8
	-8.4***

	2
	-0.009000
	-0.007809
	0.018011
	-5.00***
	72 | 28
	-4.4***

	3
	-0.010563
	-0.008551
	0.007507
	-14.07***
	98 | 2
	-9.6***

	4
	-0.008100
	-0.007662
	0.005102
	-15.88***
	95 | 5
	-9***

	5
	-0.008572
	-0.007559
	0.005981
	-14.33***
	97 | 3
	-9.4***

	6
	-0.006995
	-0.006418
	0.004450
	-15.72***
	97 | 3
	-9.4***

	7
	-0.006739
	-0.006288
	0.003628
	-18.58***
	98 | 2
	-9.6***

	8
	-0.007011
	-0.006600
	0.004213
	-16.64***
	96 | 4
	-9.2***

	9
	-0.007133
	-0.006399
	0.003836
	-18.60***
	99 | 1
	-9.8***

	10
	-0.006745
	-0.006680
	0.003354
	-20.11***
	97 | 3
	-9.4***

	11
	-0.006797
	-0.006517
	0.003241
	-20.97***
	100 | 0
	-10***

	12
	-0.006100
	-0.006213
	0.002827
	-21.58***
	98 | 2
	-9.6***

	13
	-0.005487
	-0.005921
	0.002882
	-19.04***
	99 | 1
	-9.8***

	14
	-0.005809
	-0.005813
	0.002451
	-23.70***
	100 | 0
	-10***

	15
	-0.006360
	-0.006425
	0.002460
	-25.85***
	100 | 0
	-10***

	16
	-0.005827
	-0.005783
	0.002430
	-23.98***
	100 | 0
	-10***

	17
	-0.005708
	-0.005801
	0.001853
	-30.80***
	100 | 0
	-10***

	18
	-0.005822
	-0.005882
	0.002258
	-25.79***
	100 | 0
	-10***

	19
	-0.005772
	-0.005735
	0.001902
	-30.35***
	100 | 0
	-10***

	20
	-0.005587
	-0.005514
	0.001986
	-28.14***
	100 | 0
	-10***

	21
	-0.005701
	-0.005758
	0.001756
	-32.46***
	100 | 0
	-10***

	22
	-0.005633
	-0.005537
	0.001732
	-32.53***
	100 | 0
	-10***

	23
	-0.005575
	-0.005601
	0.001452
	-38.40***
	100 | 0
	-10***

	24
	-0.005506
	-0.005646
	0.001664
	-33.09***
	100 | 0
	-10***

	25
	-0.005413
	-0.005336
	0.001528
	-35.43***
	100 | 0
	-10***

	26
	-0.005237
	-0.005256
	0.001363
	-38.43***
	100 | 0
	-10***

	27
	-0.005463
	-0.005505
	0.001144
	-47.77***
	100 | 0
	-10***

	28
	-0.005099
	-0.005129
	0.001040
	-49.02***
	100 | 0
	-10***

	29
	-0.005195
	-0.005209
	0.001151
	-45.15***
	100 | 0
	-10***

	30
	-0.005113
	-0.005112
	0.001089
	-46.96***
	100 | 0
	-10***

	31
	-0.005082
	-0.004977
	0.001020
	-49.82***
	100 | 0
	-10***

	32
	-0.005124
	-0.005065
	0.000849
	-60.35***
	100 | 0
	-10***

	33
	-0.005254
	-0.005252
	0.000757
	-69.37***
	100 | 0
	-10***

	34
	-0.005010
	-0.005009
	0.000699
	-71.68***
	100 | 0
	-10***

	35
	-0.005181
	-0.005188
	0.000592
	-87.50***
	100 | 0
	-10***

	36
	-0.005006
	-0.005102
	0.000514
	-97.41***
	100 | 0
	-10***


Note

*** 1% significant level

** 5% significant level

* 10% significant level
N-: No of samples with negative value

N+: No of samples with positive value

Sign test: No of positive samples

Table 2: The Effect On The Individual Stocks Standard Deviation & Beta
Based on Single Index Model, the standard deviation (SD) investigation on the individual component of co-trading stock is divided into 3 parts; firm specific risk, market related risk and total risk. SD is computed based on 2 years weekly return before and 2 years after co-trading. The change in individual stock is calculated as SD after co-trading subtracts SD before co-trading, and is recorded as 1 observation. There are 38 observations for 38 co-trading stocks in the 2 markets. In computing the firm specific risk and market related risk, the market index used is AORD for ASX and STI for SGX. Total risk is the sum of firm specific risk and market related risk. Similarly, the same data is used to investigate the change in Beta for individual components of co-trading stocks.

	
	ASX
	SGX

	
	Firm Specific
	Market Related
	Total Risk
	Beta
	Firm Specific
	Market Related
	Total Risk
	Beta

	Before Co-trading
	
	
	
	
	
	
	
	

	Mean
	0.03912
	0.00004
	0.03916
	0.49
	0.06053
	0.00040
	0.06093
	1.18

	Median
	0.03561
	0.00002
	0.03561
	0.53
	0.05062
	0.00032
	0.05087
	1.19

	SD
	0.01420
	0.00006
	0.01422
	0.60
	0.02425
	0.00041
	0.02457
	0.65

	
	
	
	
	
	
	
	
	

	After Co-trading
	
	
	
	
	
	
	
	

	Mean
	0.03584
	0.00007
	0.03590
	0.83
	0.04582
	0.00012
	0.04594
	0.92

	Median
	0.02810
	0.00002
	0.02815
	0.69
	0.04118
	0.00009
	0.04122
	0.90

	SD
	0.02141
	0.00014
	0.02149
	0.76
	0.01556
	0.00012
	0.01564
	0.50

	
	
	
	
	
	
	
	
	

	Change In Individual Stocks
	
	
	
	
	
	
	
	

	Mean
	-0.00328
	0.00002
	-0.00326
	0.34523
	-0.01471
	-0.00028
	-0.01499
	-0.26153

	Median
	-0.00552
	0.00001
	-0.00548
	0.35746
	-0.01152
	-0.00014
	-0.01200
	-0.25246

	SD
	0.01474
	0.00013
	0.01476
	0.78116
	0.01499
	0.00037
	0.01522
	0.56599

	t-statistics
	-1.37
	1.11
	-1.36
	2.72**
	-6.05***
	-4.64***
	-6.07***
	-2.85**


Note

***, ** and * represent 1%, 5% & 10% significant level 
Table 3: The Equality of ASX-SGX Market Index Return Before/After Co-trading
Table 3 is the comparison for the changes in market index standard deviation (SD) due to co-trading. Hypothesis testing is based on F distribution to test the equality of market index variance of return before and after co-trading. SD is computed using 2 years of weekly returns before co-trading and 2 years of weekly returns after co-trading.

	
	AORD Index
	STI Index

	SD Before Co-trading, S1
	0.00834
	0.01491

	SD After Co-trading, S2
	0.00718
	0.01056

	F Distribution, F0 = 
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	1.35
	1.99***

	P-value
	0.12876
	0.00055


Note

*** represents (1% significant level

Table 4: Immediate Impact On The Daily Price Volatility 

Table 4 presents the immediate change in volatility during the introduction of co-trading. The volatility estimation is based on 2 models: 1) High/Low that captures the spread percentage between high and low price [(H-L)/(H+L)]; and 2)Garman-Klass model. The daily volatility estimated from these models is regressed against trading days for 3 periods: 50, 100 and 200 days. The volatility for Co-trading Stocks is the average volatility of 38 co-trading stocks whereas the Market volatility refers to AORD Index and STI Index respectively. Change in volatility is the statistics of 38 samples of individual stock with each stock volatility after co-trading minus volatility before co-trading. 

	
	High/Low Spread
	Garman-Klass

	
	50 Day
	100 Day
	200 Day
	50 Day
	100 Day
	200 Day

	Panel A: ASX
	
	
	
	
	
	

	Co-trading Stocks
	
	
	
	
	
	

	Slope
	-0.0000335
	-0.0000067
	-0.0000210
	0.0000005
	0.0000015
	-0.0000050

	Standard error
	0.0000124
	0.0000055
	0.0000035
	0.0000019
	0.0000012
	0.0000013

	T-statistics
	-2.69***
	-1.21
	-5.98***
	0.25
	1.22
	-3.83***

	
	
	
	
	
	
	

	Market
	
	
	
	
	
	

	Slope
	-0.0000192
	-0.0000158
	-0.0000185
	-0.0000009
	-0.0000005
	-0.0000011

	Standard error
	0.0000114
	0.0000048
	0.0000035
	0.0000004
	0.0000002
	0.0000002

	T-statistics
	-1.68*
	-3.27***
	-5.26***
	-2.09**
	-2.87***
	-4.80***

	
	
	
	
	
	
	

	Testing Of Time-coefficient For Co-trading Stocks Against Market
	
	
	
	
	

	Slope
	-0.0000142
	0.0000091
	-0.0000026
	0.0000013
	0.0000020
	-0.0000039

	Standard error
	0.0000169
	0.0000073
	0.0000050
	0.0000019
	0.0000012
	0.0000013

	T-statistics
	-0.84
	1.24
	-0.51
	0.69
	1.65
	-2.91***

	
	
	
	
	
	
	

	Change In Volatility For 38 Co-trading Stocks
	
	
	
	
	
	

	Mean
	-0.0012581
	-0.0008442
	-0.0024356
	-0.0000368
	0.0000234
	-0.0004932

	Median
	-0.0016497
	-0.0012510
	-0.0022521
	-0.0001721
	-0.0001121
	-0.0002810

	Standard Deviation
	0.0021773
	0.0022049
	0.0023347
	0.0005870
	0.0006106
	0.0012944

	Paired T-statistics
	-3.56***
	-2.36**
	-6.43***
	-0.39
	0.24
	-2.35**

	
	
	
	
	
	
	

	Panel B: SGX
	
	
	
	
	
	

	Co-trading Stocks
	
	
	
	
	
	

	Slope
	-0.0000903
	-0.0000359
	-0.0000348
	-0.0000174
	-0.0000056
	-0.0000071

	Standard error
	0.0000420
	0.0000125
	0.0000064
	0.0000069
	0.0000021
	0.0000016

	T-statistics
	-2.15**
	-2.88***
	-5.46***
	-2.53**
	-2.69***
	-4.53***

	
	
	
	
	
	
	

	Market
	
	
	
	
	
	

	Slope
	-0.0000287
	-0.0000050
	-0.0000128
	-0.0000026
	-0.0000007
	-0.0000016

	Standard error
	0.0000384
	0.0000116
	0.0000052
	0.0000027
	0.0000008
	0.0000006

	T-statistics
	-0.75
	-0.43
	-2.45**
	-0.94
	-0.85
	-2.49***

	
	
	
	
	
	
	

	Testing Of Time-coefficient For Co-trading Stocks Against Market
	
	
	
	
	

	Slope
	-0.0000616
	-0.0000309
	-0.0000221
	-0.0000148
	-0.0000049
	-0.0000055

	Standard error
	0.0000569
	0.0000171
	0.0000082
	0.0000074
	0.0000022
	0.0000017

	T-statistics
	-1.08
	-1.81*
	-2.68***
	-2.00*
	-2.20**
	-3.26***

	
	
	
	
	
	
	

	Change In Volatility For 38 Co-trading Stocks
	
	
	
	
	
	

	Mean
	-0.00320
	-0.00260
	-0.00449
	-0.00052
	-0.00039
	-0.00087

	Median
	-0.00355
	-0.00234
	-0.00424
	-0.00041
	-0.00032
	-0.00066

	Standard Deviation
	0.00423
	0.00328
	0.00306
	0.00088
	0.00061
	0.00078

	Paired T-statistics
	-4.67***
	-4.88***
	-9.03***
	-3.64***
	-3.94***
	-6.93***


***, **, and * represent significant level ( 1%, (5%, and (10% respectively.
Table 5: Immediate Impact on Trading Volume
Table 5 shows the immediate change in trading volume when co-trading launched. Co-trading trading volume is the sum of all 38 co-trading volume whereas the market trading volume for ASX refers to AORD and SGX refers to STI. The co-trading trading volume and the market trading volume are regressed against trading days for three periods; 100, 200 and 400 trading days.  In every period, half of the data is from the duration before co-trading launched and the other half is from duration after co-trading launched. In addition, the time-coefficient of co-trading volume is tested against the time-coefficient of market volume.
	
	100 Day
	200 Day
	400 Day

	Panel A: ASX
	
	
	

	Co-trading Stocks
	
	
	

	Slope (‘000/day)
	-84.57
	382.70
	120.70

	Standard error (‘000)
	506.47
	151.38
	57.19

	T-statistics
	-0.17
	2.53**
	2.11**

	
	
	
	

	Market
	
	
	

	Slope (‘000/day)
	-87.49
	1202.41
	362.25

	Standard error (‘000)
	1079.78
	330.54
	110.04

	T-statistics
	-0.08
	3.64***
	3.29***

	
	
	
	

	Testing of Time-coefficient for co-trading stocks against market
	
	
	

	Slope (‘000/day)
	2.924
	-819.71
	-241.54

	Standard error (‘000)
	1192.66
	363.55
	124.01

	T-statistics
	0.00
	-2.25**
	-1.95*

	
	
	
	

	Panel B: SGX
	
	
	

	Co-trading Stocks
	
	
	

	Slope (‘000/day)
	122.75
	320.19
	-55.99

	Standard error (‘000)
	554.07
	167.09
	90.14

	T-statistics
	0.22
	1.92*
	-0.62

	
	
	
	

	Market
	
	
	

	Slope (‘000/day)
	-446.67
	300.82
	-30.69

	Standard error (‘000)
	736.02
	216.50
	96.20

	T-statistics
	-0.61
	1.39
	-0.32

	
	
	
	

	Testing of Time-coefficient for co-trading stocks against market
	
	
	

	Slope (‘000/day)
	569.41
	19.36
	-25.30

	Standard error (‘000)
	921.26
	273.48
	131.83

	T-statistics
	0.62
	0.07
	-0.19


Note: ***, **, & * represent significant level ( 1%, (5%, & (10% respectively

Table 6: The Impact On Effective Bid-ask Spread

Table 6 shows the changes of effective bid-ask spread for the co-trading stocks in ASX-SGX. Based on Roll’s (1984) model, the spread for individual stock is computed using 100 days’ serial co-variance of daily return. The changed in the bid-ask spread is the estimated spread after co-trading subtracts the estimated spread before co-trading. Since the spread computed is an effective spread using serial co-variance of return, there is possibility that the spread estimated is a complex number (
[image: image17.wmf]cov
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). Hence, any stocks that has complex number either before or after co-trading is omitted from the sample of study. 

	
	ASX
	SGX

	Panel A: Before Co-trading
	
	

	Mean
	2.210
	1.560

	Median
	1.199
	1.512

	SD
	2.464
	0.691

	
	
	

	Panel B: After Co-trading
	
	

	Mean
	1.213
	1.055

	Median
	0.699
	0.925

	SD
	1.528
	0.616

	
	
	

	Panel C: Change In Effective Bid-Ask Spread
	
	

	Mean
	-0.998
	-0.504

	Median
	-0.239
	-0.439

	SD
	1.889
	1.095

	Paired t-statistics
	-1.58
	-1.6

	P Value
	0.152
	0.139

	N- | N+
	7 | 2
	9 | 3

	Sign Test
	-1.67**
	-1.73**


Note

1. N​- | N+: No of samples with decrease or increase spread
2. ***, **, & * represent significant level ( 1%, (5%, & (10% respectively

Figure 1: Australia Stock Exchange (ASX) and Singapore Stock Exchage (SGX) Portfolio Standard Deviation
Figure 1 shows the changes in portfolio standard deviation (SD) for ASX-SGX co-trading stocks. For every portfolio size, the numbers of stocks are randomly selected from the pool of 38 co-trading stocks concurrently without replacement. The portfolio SD is computed and recorded, and re-sampled for 100 times to collect 100 samples of portfolio SD. The mean of the 100 samples is used to represent the portfolio SD before / after co-trading. Note that the portfolio size stops at 36 because there is only 38 re-sampling combinations for portfolio size 37 and 1 combination for portfolio size 38. 
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Figure 2: The Co-trading Effect On Risk-Return Tradeoff
Figure 2 shows the efficient frontier for ASX-SGX before/after co-trading launched. The efficient frontier plotted is based on 2 years weekly returns that encompass all the 38 co-trading stocks. Using conservative approach that investors are risk averse, the investigation for the risk-return tradeoff is based on global minimum variance portfolio. At this point, the portfolio return is divided by the portfolio standard deviation. This ratio will provide the portfolio return with the lowest risk of any other feasible portfolios.
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Figure 3: Immediate Co-trading Impacts on Volatility
Figure 3 compares the volatility between market index and co-trading stocks for three periods during co-trading launched; 50, 100 and 200 days. The volatility is computed based on two models: 1) Garman-Klass & 2) High/Low spread. The volatility representing co-trading is the average daily volatility of the 38 co-trading stocks whereas the market volatility refers to AORD and STI for ASX and SGX respectively.
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Figure 3: Immediate Co-trading Impacts on Volatility - cont
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APPENDIX A: CO-TRADING STOCKS FROM ASX AND SGX

Stocks list from ASX:
1. AUSTRALIAN GAS LIGHT (THE)

2. ARISTOCRAT LEISURE LIMITED

3. AMCOR LIMITED

4. AMP LIMITED

5. AUSTRALIA & NEW ZEALAND BANKING GROUP LIMITED

6. AUSTRALIAN STOCK EXCHANGE LIMITED

7. AXA ASIA PACIFIC HOLDINGS LIMITED

8. BHP BILLITON LIMITED

9. BRAMBLES INDUSTRIES LIMITED

10. COCA-COLA AMATIL LIMITED

11. COMMONWEALTH BANK OF AUSTRALIA.

12. COLES MYER LTD.

13. CO MPUTERSHARE LIMITED

14. CSL LIMITED

15. CSR LIMITED

16. ERG LIMITED

17. FOSTER'S GROUP LIMITED

18. FAIRFAX aOHN) HOLDINGS LIMITED

19. GOODMAN FIELDER LIMITED

20. GENERAL PROPERTITRUST

21. HARVEY NORMAN HOLDINGS LIMITED

22. LEND LEASE CORPORATION LIMITED

23. MACQUARIE BANK LIMITED

24. MIRVAC GROUP

25. MIM HOLDINGS LIMITED

26. NATIONAL AUSTRALIA BANK LIMITED

27. NEWS CORPORATION LIMITED (THE)

28. NORMANDY MINING LIMITED

29. NRMA INSURANCE GROUP LIMITED

30. ORICA LIMITED

31. PUBLISHING & BROADCASTING LIMITED

32. QANT AS AIRWAYS LIMITED

33. QBE INSURANCE GROUP LIMITED

34. RIO TINTO LIMITED

35. ST GEORGE BANK LIMITED

36. STOCKLAND TRUST GROUP

37. SUNCORP-METW AY LIMITED

38. SOUTH CORP LIMITED

39. SANTOS LIMITED

40. SINGAPORE TELECOMMUNICATIONS LIMITED

41. TABCORP HOLDINGS LIMITED

42. TELSTRA CORPORATION LIMITED.

43. WESTPAC BANKING CORPORATION

44. WESF ARMERS LIMITED

45. WESTFIELD TRUST.

46. WMC LIMITED

47. WOOL WORTHS LIMITED

48. WOODSIDE PETROLEUM LIMITED

49. WESTFIELD HOLDINGS LIMITED

50. StreetTRACKS S&P/ASX 200 ETF (Index)

      StreetTR:\CKS S&P/ASX 50 ETF (Index)

Stock list from SGX:

1. ALLGREEN PROPERTIES LIMITED

2. CAPITALAND LIMITED

3. CHARTERED SEMICONDUCTOR MANUFACTURING LIMITED

4. CITY DEVELOPMENTS LIMITED

5. COMFORT GROUP LIMITED

6. CREATIVE TECHNOLOGY LIMITED

7. CYCLE & CARRIAGE LIMITED

8. DBS GROUP HOLDINGS LIMITED

9. DELGRO CORPORATION LIMITED

10. FIRST CAPITAL CORPORATION LTD

11. FRASER & NEAVE LIMITED

12. GES INTERNATIONAL LIMITED

13. GREAT EASTERN HLDGS LTD

14. HAW PAR CORPORATION LIMITED

15. HOTEL PROPERTIES LIMITED

16. INFORMATICS HOLDINGS LIMITED

17. KEPPEL CORPORATION LIMITED

18. KEPPEL LAND LIMITED

19. KEPPEL TELECOMMUNICATIONS & TRANSPORTATION LIMITED

20. KIM ENG HOLDINGS LIMITED

21. MARCO POLO DEVELOPMENTS LIMITED

22. MCL LAND LIMITED

23. NATSTEEL BROADWAY LIMITED

24. NATSTEEL LIMITED

25. NEPTUNE ORIENT LINES LIMITED

26. OVERSEA-CHINESE BANKING CORPORATION LIMITED

27. OVERSEAS UNION ENTERPRISE LIMITED

28. PACIFIC CENTURY REGIONAL DEVELOPMENTS LIMITED

29. PARKWAY HOLDINGS LIMITED

30. RAFFLES HOLDINGS LIMITED

31. SEMBCORP INDUSTRIES LIMITED

32. SEMBCORP LOGISTICS LIMITED

33. SEMBCORP MARINE LID

34. SIA ENGINEERING COMPANY LIMITED

35. SINGAPORE AIRLINES LIMITED

      SINGAPORE AIRLINES LIMITED 200

36. SINGAPORE EXCHANGE LIMITED

37. SINGAPORE FOOD INDUSTRIES LIMITED

38. SINGAPORE LAND LIMITED

39. SINGAPORE PRESS HOLDINGS LIMITED

     SINGAPORE PRESS HOLDINGS LIMITED 100

40. SINGAPORE TECHNOLOGIES ENGINEERING LIMITED

41. SINGAPORE TELECOMMUNICATIONS LIMITED

      SINGAPORE TELECOMMUNICATIONS LIMITED 10

      SINGAPORE TELECOMMUNICATIONS LIMITED 100

42. SMRT CORPORATION LTD

43. THE STRAITS TRADING COMPANY LIMITED

44. SPORE AIRPORT TERMINAL SERVICES LIMITED

45. ST ASSEMBLY TEST SERVICES LID

46. UNITED INDUSTRIAL CORPORATION LIMITED

47. UNITED OVERSEAS BANK LIMITED

48. UNITED OVERSEAS LAND LIMITED

49. VENTURE MANUFACTURING (SINGAPORE) LIMITED

50. WING TAI HOLDINGS LIMITED

APPENDIX B: RESEARCH SAMPLES FROM CO-TRADING STOCKS

Stocks list from ASX:
1. AUSTRALIAN GAS LIGHT (THE)

2. ARISTOCRAT LEISURE LIMITED

3. AMCOR LIMITED

4. AMP LIMITED

5. AUSTRALIA & NEW ZEALAND BANKING GROUP LIMITED

6. AUSTRALIAN STOCK EXCHANGE LIMITED

7. AXA ASIA PACIFIC HOLDINGS LIMITED

8. BHP BILLITON LIMITED

9. BRAMBLES INDUSTRIES LIMITED

10. COCA-COLA AMATIL LIMITED

11. COMMONWEALTH BANK OF AUSTRALIA.

12. COLES MYER LTD.

13. CO MPUTERSHARE LIMITED

14. CSL LIMITED

15. CSR LIMITED

16. ERG LIMITED

17. FOSTER'S GROUP LIMITED

18. GENERAL PROPERTITRUST

19. HARVEY NORMAN HOLDINGS LIMITED

20. LEND LEASE CORPORATION LIMITED

21. MACQUARIE BANK LIMITED

22. MIRVAC GROUP

23. NATIONAL AUSTRALIA BANK LIMITED

24. NEWS CORPORATION LIMITED (THE)

25. ORICA LIMITED

26. PUBLISHING & BROADCASTING LIMITED

27. QANT AS AIRWAYS LIMITED

28. QBE INSURANCE GROUP LIMITED

29. RIO TINTO LIMITED

30. STOCKLAND TRUST GROUP

31. SUNCORP-METW AY LIMITED

32. SANTOS LIMITED

33. TABCORP HOLDINGS LIMITED

34. TELSTRA CORPORATION LIMITED.

35. WESTPAC BANKING CORPORATION

36. WESF ARMERS LIMITED

37. WOOL WORTHS LIMITED

38. WOODSIDE PETROLEUM LIMITED
Stock list from SGX:

1. ALLGREEN PROPERTIES LIMITED

2. CAPITALAND LIMITED

3. CHARTERED SEMICONDUCTOR MANUFACTURING LIMITED

4. CITY DEVELOPMENTS LIMITED

5. CREATIVE TECHNOLOGY LIMITED

6. DBS GROUP HOLDINGS LIMITED
7. FRASER & NEAVE LIMITED

8. GES INTERNATIONAL LIMITED

9. GREAT EASTERN HLDGS LTD

10. HAW PAR CORPORATION LIMITED

11. HOTEL PROPERTIES LIMITED

12. INFORMATICS HOLDINGS LIMITED

13. KEPPEL CORPORATION LIMITED

14. KEPPEL LAND LIMITED

15. KEPPEL TELECOMMUNICATIONS & TRANSPORTATION LIMITED

16. KIM ENG HOLDINGS LIMITED

17. MCL LAND LIMITED

18. NEPTUNE ORIENT LINES LIMITED

19. OVERSEA-CHINESE BANKING CORPORATION LIMITED

20. OVERSEAS UNION ENTERPRISE LIMITED

21. PACIFIC CENTURY REGIONAL DEVELOPMENTS LIMITED

22. PARKWAY HOLDINGS LIMITED

23. RAFFLES HOLDINGS LIMITED

24. SEMBCORP INDUSTRIES LIMITED

25. SEMBCORP LOGISTICS LIMITED

26. SEMBCORP MARINE LID

27. SINGAPORE AIRLINES LIMITED
28. SINGAPORE FOOD INDUSTRIES LIMITED

29. SINGAPORE LAND LIMITED

30. SINGAPORE PRESS HOLDINGS LIMITED

31. SINGAPORE TECHNOLOGIES ENGINEERING LIMITED

32. SINGAPORE TELECOMMUNICATIONS LIMITED

33.  THE STRAITS TRADING COMPANY LIMITED

34. UNITED INDUSTRIAL CORPORATION LIMITED

35. UNITED OVERSEAS BANK LIMITED

36. UNITED OVERSEAS LAND LIMITED

37. VENTURE MANUFACTURING (SINGAPORE) LIMITED

38. WING TAI HOLDINGS LIMITED

SGX
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