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Reduction of Constraints on Arbitrage
Trading and Market Efficiency:
An Examination of Ex-Day Returns
in Hong Kong after Introduction
of Electronic Settlement

PALANI-RAJAN KADAPAKKAM*

ABSTRACT

Previous research documents positive ex-dividend day returns in excess of one per-
cent in the unique institutional setting of Hong Kong, where neither dividends nor
capital gains are taxed. Short-term arbitrage trades around the ex-day were ham-
pered by physical settlement procedures. After the recent switch to an electronic
settlement system, which enables such trades, ex-day abnormal returns have de-
clined to an insignificant 0.17 percent. This drop is more pronounced for high-yield
stocks, which are more likely to attract dividend capture trading. The evidence
points to the crucial role of short-term traders in ensuring the pricing efficiency of
financial markets.

THE ROLE OF SHORT-TERM TRADERS IN FINANCIAL MARKETS is a matter of consid-
erable controversy. The debate on this issue has heightened in the wake of
the recent Asian currency crisis, which some governments blamed on the
activities of short-term traders. Critics contend that short-term traders en-
gage in speculation, leading to excessive and debilitating volatility in mar-
ket prices. Others argue that short-term traders perform a useful role by
increasing valuable liquidity. Berkman and Eleswarapu (1998) report that
regulatory changes on the Bombay Stock Exchange curbing short-term trad-
ing had a measurably adverse impact on asset values.

Supporters of short-term traders also argue that these traders make a key
contribution to the efficiency of financial markets by constantly scouring the
markets for arbitrage opportunities. This study examines the impact of the
introduction of electronic settlement on ex-dividend day returns in Hong
Kong. The electronic settlement system lowered costs for arbitrageurs by
reducing their minimum holding period for trades around ex-dividend days.
The evidence supports the argument that relaxation of constraints on short-
term trading improves the pricing efficiency of financial markets.

* University of Texas, San Antonio. I would like to acknowledge useful comments from Karan
Bhanot, Lalatendu Misra, Raja Nag, Sarab Seth, Tom Thomson, Lila Truett, Ron Rutherford,
an anonymous referee, and the editor, René Stulz. I would like to thank Betty Chan and Crystal
Chan of the Hong Kong Securities Clearing Company, and Ron Sweet for their help. This work
was supported by a summer research grant from the College of Business, University of Texas,
San Antonio.
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The Hong Kong market is a particularly appealing setting for the exam-
ination of ex-dividend return behavior, because both dividends and capital
gains are not taxed. Thus, ex-dividend returns can be studied in the ab-
sence of confounding tax effects present in other markets. Frank and
Jagannathan (1998) examine ex-dividend day stock prices in Hong Kong
during the period from 1980 to 1993. They report that the price drop on
the ex-day is, on average, only 43 percent of the dividend, leading to an
ex-day return of 1.33 percent. This return is much larger compared to the
0.17 percent ex-day return reported by Bali and Hite (1998) in the United
States.

Such a large return should have been exploited and eliminated by short-
term traders. However, Frank and Jagannathan (1998) report that for much
of their sample period, short-term trading around the ex-day was not fea-
sible in Hong Kong, due to settlement procedures. Prior to the switch to
electronic settlement initiated in 1992, a sale required physical delivery of
the share certificates within a day. To obtain dividends, shareholders need
to be registered with the firm, a process which could lock up share certif-
icates for 21 days. Investors could not sell their shares during the regis-
tration period, as they could not fulfill the requirement of physical delivery.
Hence, quick turnaround trades to arbitrage the positive ex-day returns
were not possible.

The Stock Exchange of Hong Kong switched to an electronic clearing and
settlement system (the Central Clearing and Settlement System (CCASS))
during a phased transition in 1992 and 1993. Under the new system, set-
tlement is done by electronic book entries, obviating the need for physical
delivery of shares. Thus, the switch to an electronic settlement system en-
abled short-term arbitrage trades around ex-days for the first time. The
relaxation of constraints on short-term trading in a tax-free setting provides
a unique opportunity to study the role of arbitrage activity in eliminating
profits.

Test results reveal that the introduction of electronic settlement has sig-
nificantly altered ex-day stock price behavior in Hong Kong. During the
1990 to 1995 period examined in this study, ex-day returns drop to an in-
significant 0.17 percent after the switch to electronic settlement, compared
to a highly significant 1.13 percent before the switch. For high-dividend-
yield stocks, which are most likely to attract potential arbitrageurs, the drop
in returns is more pronounced. The drop in ex-day returns occurs soon after
the switch to electronic settlement, rather than as a gradual decline over
time. Under electronic settlement, trading activity is enhanced prior to the
ex-day, but is normal after the ex-day. This evidence suggests that the mere
potential for arbitrage trades under electronic settlement was sufficient to
reduce ex-day returns.

The rest of the paper is organized as follows. Section I provides a brief
review of relevant aspects of the Hong Kong market. Section II describes the
data and methodology. Section III presents the results of the paper, and
Section IV contains the conclusions.
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I. Background of Ex-day Returns in Hong Kong

The zero taxation of dividends and capital gains in Hong Kong provides
an ideal opportunity to examine ex-dividend returns without any am-
biguity regarding effective marginal tax rates on dividends and capital
gains.! Zero abnormal returns in Hong Kong will be consistent with the
conclusion that in the absence of tax effects, stock prices drop by the full
amount of the dividend. Thus, understanding the behavior of ex-day re-
turns in a tax-free environment is beneficial in studying ex-day returns in
other settings.

Another major advantage of studying Hong Kong ex-day returns is that
the confounding effect of stock price discreteness on ex-day returns is smaller
compared to U.S. markets. The coarseness in U.S. price data hinders the
evaluation of the magnitude of ex-dividend day price drop relative to the
typically small quarterly dividends. Bali and Hite (1998) argue that stock
price discreteness can induce positive ex-day returns. Price discreteness is
less of a problem in Hong Kong, because the minimum permissible price
changes are adjusted in relation to the level of the stock price. Furthermore,
dividends are often declared semi-annually rather than quarterly. Both these
factors increase the size of the dividends relative to the minimum tick size
for the stock compared to U.S. markets.2

Frank and Jagannathan (1998) report that the ex-day price drop in Hong
Kong is only 43 percent of the dividend, on average. In the absence of tax
induced effects, they propose an explanation based on the costs associated
with reinvesting the dividend amount. To avoid these costs, sellers seek to
trade cum-dividend, whereas buyers prefer to wait till the ex-day. Such
preferences will generate selling pressure immediately before the ex-day
and buying pressure on the ex-day, leading to positive ex-day returns. This
argument implies that investors are willing to forego 57 percent (100 per-
cent less the 43 percent price drop) of the dividend amount to avoid re-
investment costs. Such a high shadow cost for reinvestment costs is
surprising. Reinvestment costs should not be a major concern for active
traders and institutional investors, who are constantly reinvesting funds.
Similarly, cum-dividend sellers have to deal with reinvesting sale proceeds
anyway. Further, the reinvestment cost argument should apply to other
countries as well, but the observed price-drop-to-dividend ratio is much
higher in the United States.

! Interpretation of ex-dividend returns in the United States is clouded by controversies re-
garding the impact of taxes (see Elton and Gruber (1970), Kalay (1982), Miller and Scholes
(1982), Eades, Hess, and Kim (1984, 1994), and Boyd and Jagannathan (1994)). Recent studies
analyze ex-dividend returns in other tax settings such as Britain (Lasfer (1995, 1996)), Italy
(Michaely and Murgia (1995)), and Japan (Kato and Lowenstein (1995)). However, unique in-
stitutional effects impact ex-day returns in each of these countries. Conclusions regarding the
impact of taxation remain ambiguous.

2 Bali and Hite (1998) report that the mean dividend in the United States is about $0.25 or
two ticks. In comparison, the average dividend in Hong Kong is 3.64 ticks during the period
covered in this study.
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Given an average dividend yield of 2.508 percent and a price drop of only
1.174 percent reported by Frank and Jagannathan (1998), short-term trad-
ers can make gross profits of around 1.3 percent. This ex-day return in Hong
Kong is very high compared to ex-dividend returns of about 0.2 percent ob-
served in the United States. Frank and Jagannathan (1998) point out the
unique trading restrictions in Hong Kong, existing during much of their
sample period, that prevented the high ex-day returns from being arbitraged
away by short-term traders. To receive dividends, stockholders need to be
registered with the firm. Cum-dividend buyers would have to wait up to
21 days to get their shares registered, and get their share certificates back.
Sale of stock required settlement by physical delivery of share certificates
on the following day. Thus, buyers on the last cum-day could not immedi-
ately sell their shares on the ex-day, because they would not have physical
possession of the shares.? These traders are constrained from liquidating
their position until they receive the share certificates back from the firm.
The holding period of up to 21 days exposes dividend capture traders to a
considerable amount of unsystematic risk. An excess return of around one
percent over a 21-day period is unlikely to attract much arbitrage activity, in
view of the attendant risk exposure.

In the United States, Brown and Lummer (1986) and Grammatikos (1989)
point out that the risk of dividend capture trading can be hedged by writing
covered call options. However, this strategy was not feasible in Hong Kong
during the sample period considered by Frank and Jagannathan (1998). The
first option was listed on the Hong Kong exchange only in August 1995.
Currently, there are only 17 stocks with listed options.

In June 1992, the Hong Kong Securities Clearing Company Limited initi-
ated a transition to an electronic bookkeeping system. Sellers and buyers could
arrange to have individual trades settled electronically by mutual agreement
for admitted stocks. In October 1992, the clearing company implemented con-
tinuous net settlement under CCASS, wherein details of all transactions on
the stock exchange were automatically transmitted to the electronic settle-
ment system and processed. Under this system, the settlement period is two
days. Stocks were admitted to the continuous net electronic settlement system
in batches. The transition was essentially completed by June 1993 for all ex-
isting listings. Subsequent listings were admitted immediately to the elec-
tronic settlement system. In December 1994, rules of the stock exchange were
amended to make admission to CCASS mandatory for new listings.

Under the physical settlement system, stockholders could not sell their
shares during the registration process because they could not satisfy the
requirement of physical delivery. The new settlement system, relying on elec-

3 Further, Frank and Jagannathan (1998) argue that regulations and transaction costs se-
verely curtailed short selling on the ex-day. At the end of 1995, only 17 stocks were designated
by the exchange as being eligible for short selling. As of November 1998, this list has been
expanded to 195 securities. Also, see Frank and Jagannathan (1998) for further details on the
structure of the Hong Kong market.
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tronic book entries for settlement, removes this restriction. Thus, traders
can buy the shares on the last cum-day and sell shares on the ex-day, with-
out giving up the dividend.* This change cuts the minimum holding period
for dividend capture traders to less than a day, compared to 21 days previ-
ously. The consequent reduction in risk exposure lowers the costs faced by
arbitrageurs, and enables them to actively exploit positive ex-day returns.
Excess returns of around one percent over a one-day holding period should
be extremely attractive to such traders. The rest of the paper documents the
impact of the switch to electronic settlement on ex-day returns.

II. Data and Methodology
A. Data

The sample period analyzed in this paper covers the years from 1990 to
1995. Given the transition to electronic settlement in 1992 and 1993, the
sample period allows for roughly three years of data in both the physical and
electronic settlement systems. The stock market data for Hong Kong are
obtained from the Pacific Basin Capital Markets (PACAP) database com-
piled at the University of Rhode Island. The database contains daily stock
returns, closing transaction prices, and volume data for all exchange-listed
firms. It also contains requisite information on dividend payments and as-
sociated dates. The sample is screened to include only ex-dividends for pure
cash dividends. For instance, if there is a simultaneous stock dividend or
split, this event is excluded. All cash dividends on a single day (regular and
bonus) are aggregated.

For the analysis of ex-day returns, the sample was screened for nonmiss-
ing closing prices on the ex-day and the prior day to ensure a valid return on
the ex-day’ To reduce the impact of dividend outliers, the sample was re-
stricted to observations with dividend yields of less than 10 percent.®

B. Methodology

Abnormal returns are assessed using a market model estimated over a
control period of 50 days beginning 55 days before the ex-day. Observations
are required to have a minimum of 25 nonmissing returns during this period
to estimate the market model parameters. Reported mean and median ab-
normal returns are based on all individual observations. The test statistics
for the abnormal returns are assessed using the calendar-time portfolio meth-
odology to account for the impact of event clustering. All observations falling

4 Koski (1996) finds evidence of such trading in the United States.

5 One ex-day return outlier of —75 percent, likely associated with a major firm-specific event,
is excluded to avoid distortion of results. For the remaining sample, the minimum and maxi-
mum ex-day returns are —15.4 percent and 17.6 percent, respectively.

% There were 21 observations (about one percent of the sample) excluded due to this screen.
Only the regression estimates reported in Table V are marginally sensitive to the inclusion of
these events, as noted in Section IV. E.
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on the same calendar day are first grouped into a portfolio, and the average
portfolio return is calculated for each calendar day with an ex-day event.
The cross-sectional average and standard deviation of these calendar day
portfolio abnormal returns are used to compute reported ¢-statistics.

In addition to ex-day returns, the tests also examine liquidity changes
around the ex-day. Stocks that did not trade on the ex-day or the previous
day are retained for this analysis, unlike the sample used to analyze re-
turns. This procedure precludes imparting an upward bias in observed li-
quidity on these days. Abnormal volume around the ex-day is assessed using
the following market model estimated over the control period used for returns:

Vi,t =a+me,t+ei,ta (1)

where V; , and V,, , are daily volume measures for the individual stock and
the entire market, respectively.

The individual volume measure, V; ,, is measured as log(100 : (r, /N,) + 0.01),
where n, is the value of shares traded on day ¢, N, is the value of shares out-
standing at the end of the month s corresponding to day ¢.7? Both values are as-
sessed using closing transaction prices for day ¢, and the measure essentially
captures percentage shares traded. To prevent distortions in daily percentage
trading volume (V;,) due to changes in outstanding shares during a month, the
sample used in analyzing volume excludes observations with changes of greater
than five percent in the number of outstanding shares during the months cov-
ering the control and event periods. The logarithm transformation removes the
pronounced skewness that is characteristic of trading volume data, and the con-
stant 0.01 is added to avoid taking the logarithm of zero.

Some prior studies measure individual daily stock volume using dollar
values, rather than as a percentage of outstanding shares. However, the
ex-day price drop will induce a spurious reduction in the dollar value mea-
sure after the ex-day, and this reduction will be correlated with the dividend
amount/yield. In contrast, the percentage shares traded measure is un-
affected by the ex-day price drop. Furthermore, when dollar volume mea-
sures are aggregated across the sample, a few big firms with large dollar
trading volumes will essentially determine the sample average, to the ex-
clusion of most other stocks with considerably lower dollar volumes. Using
fraction of outstanding shares avoids this problem.

The data indicate that trading volume in the entire market significantly af-
fects volume on individual stocks. Hence, it is important to control for market
volume while assessing abnormal volume in individual stocks. The percentage
daily market trading volume (V,, ,) is measured as log(100 * (m,/M,) + 0.01),
where m, is the dollar value of trading in the entire market on day ¢. Dollar
value of shares traded is preferred to the alternative measure of number of shares
traded in the entire market, because the latter fails to distinguish between

7 The PACAP database provides only end-of-the-month figures for outstanding number of shares.
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Table I

Descriptive Statistics of the Sample
The sample consists of pure cash dividend ex-days for Hong Kong stocks during the period from
January 1990 to December 1995. The stock price (P_,) denotes the stock price on the day prior to
the ex-dividend day. Stocks were admitted in batches to the electronic settlement system during
1992 and 1993. Prior to electronic settlement, quick turnaround dividend capture trading was not
feasible.

Pre-electronic Settlement Electronic Settlement
(N = 847) (N =1,148)
Mean Median Mean Median
Dividend (D, $HK) 0.110 0.050 0.128 0.050
Stock price (P_,, $HK) 4.678 2.100 7.004 2.495
Yield %(D/P_,) 2.662 2.381 2.367 1.951
Dividends/tick size 3.469 3.000 3.772 3.000

volume increases in high-priced versus low-priced stocks. Daily values are not
available for market capitalization. To account for changes in listings during
the month, M, is measured as the average of the market capitalization at the
beginning and the end of the month s corresponding to day ¢.

C. Descriptive Statistics

The dates on which each stock was admitted to continuous net settlement
under the electronic CCASS are obtained from the Hong Kong Securities
Clearing Company. An ex-date occurring before the particular stock was
switched to electronic settlement is classified as occurring during the pre-
electronic settlement period. Of the total of 1,995 observations that met the
sample criteria for ex-dividend returns during the period from 1990 to 1995,
847 observations are during the pre-electronic settlement period. The re-
maining 1,148 ex-dates occur after the stocks were switched to electronic
settlement. Of 334 observations in 1992, 13 occurred after the stock was
switched to electronic settlement. Correspondingly, of the 418 observations
in 1993, there were 33 observations before the switch to electronic settlement.

Table I presents descriptive statistics separately for the periods before
and after the switch to electronic settlement procedures. The average divi-
dend is HK $0.11 during the pre-electronic settlement period, and HK $0.128
during the electronic settlement period. The mean dividend yield of 2.662
percent during the pre-electronic period is similar to the mean dividend yield
of 2.367 percent during the electronic settlement period. When dividends are
assessed in terms of the minimum permissible price changes for the stock,
the average dividend size is 3.469 ticks before the switch to electronic set-
tlement, and 3.772 ticks after the switch.8

8 Tick sizes were reduced on July 1, 1994. For stocks with prices less than HK $10, original
tick sizes were restored in October 1994. Such stocks account for 80 percent of the listings.
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Table I1
Stock Price Behavior on Ex-dividend Day

This table presents ex-day statistics before and after the switch to electronic settlement, which
occurred in Hong Kong during 1992 and 1993. Electronic settlement enabled arbitrage trading
around ex-days. The sample period is 1990 to 1995. Tick size is the minimum permissible price
change, and is measured accounting for changes in 1994.

Pre-electronic Settlement Electronic Settlement

(N = 847) (N = 1,148)
Mean Median Mean Median
Raw return (%) 1.215 0.930 0.167 0.000
Price drop/dividend (%) 47.106 62.500 90.092 100.000
Price drop/tick size 2.014 2.000 3.673 3.000
(Price drop — dividends)/tick size —1.454 -1.000 -0.099 0.000

III. Results
A. Stock Price Behavior on Ex-dividend Day

Table IT presents key measures of stock price behavior on the ex-dividend
day before and after the switch to electronic settlement procedures. The
potential for arbitrage trading enabled by the electronic settlement proce-
dures should reduce ex-dividend day returns. The results strongly support
this hypothesis. The mean return on the ex-day drops dramatically from
1.215 percent during the pre-electronic settlement period to 0.167 percent
during the electronic settlement period. The median return of zero percent
during the electronic settlement period indicates a full price adjustment rel-
ative to the dividend. Statistical tests of significance using abnormal re-
turns are reported later.

Prior to electronic settlement, the average price-drop-to-dividend ratio is
only 47.106 percent. This number is very similar to the ratio of 43.243 per-
cent reported by Frank and Jagannathan (1998) for their sample period
from 1980 to 1993. With electronic settlement, the average price-drop-to-
dividend ratio is 90 percent, whereas the median ratio is 100 percent. In
terms of tick sizes, the average price drop is less than the dividend by 1.454
ticks before the switch to electronic settlement. After the switch, the mean
and median differences between the price drop and the dividend are only
—0.099 and zero ticks, respectively.?

B. Abnormal Returns On and Around Ex-dividend Day

Investor reaction to the ex-day event may affect trading decisions imme-
diately before and after the ex-day and, therefore, returns on these days.
Table I1I presents the mean and median abnormal returns during the 11-day

9 Price discreteness should affect both settlement periods. Thus, the larger return during the
pre-electronic settlement period cannot be attributed to price discreteness.
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period surrounding the ex-day. During the pre-electronic settlement period,
the average abnormal return on the ex-day is 1.127 percent, which is highly
significant with a ¢-statistic of 12.80. The median abnormal return is 0.874
percent. After the switch to the electronic settlement, the average abnor-
mal return on the ex-day drops to an insignificant 0.169 percent (¢-
statistic = 1.65). The corresponding median abnormal return is only 0.071
percent.

None of the abnormal returns on the surrounding days are significant
during the pre-electronic settlement period. After the switch in settlement
procedures, there are significant positive average abnormal returns on the
two days immediately before the ex-day. On day —2, whereas the average
abnormal return is 0.14 percent, the median abnormal return is less than
0.02 percent.l® In contrast, abnormal returns on day —1 are more robust.
The median abnormal return of 0.329 percent on day —1 day is very similar
to the mean abnormal return of 0.361 percent, which is highly significant
(¢-statistic = 4.64). These positive returns are puzzling.!!

C. Examination of Time Trends in Ex-day Abnormal Returns

The previous results reveal a marked reduction of ex-day returns during
the electronic settlement period. Nevertheless, questions may arise regard-
ing whether the reduction can be attributed to the change in settlement
procedures, or whether it is the result of a gradual decline over time,
which is not necessarily related to the switch in settlement systems. The
ex-day return of 1.215 percent reported in Table II for the pre-electronic
settlement years from 1990 to 1992 is very similar to the implied ex-day
return of 1.334 percent over the much longer 1980 to 1993 period exam-
ined by Frank and Jagannathan (1998). These numbers provide a clue that
the ex-day returns did not decline much over the pre-electronic settlement
period.

Table IV presents direct evidence that the drop in ex-day returns coincides
with the switch to electronic settlement procedures. Panel A presents the
results of regressions examining whether there is a time trend in ex-day

10 Qutliers do not drive the reported positive average. The maximum return is 15.32 percent,
which is not unusual in comparison to returns on neighboring days. Moreover, only three ob-
servations have abnormal returns in excess of 10 percent. Similarly, the positive average return
on day —1 is not caused by outliers. Further, the positive mean return on days —2 and —1
cannot be attributed to errors recording the ex-day as day 0 instead of one of these two days.
Such errors will induce a spurious positive return on day 0 and a negative return on the correct
ex-day.

11 Although positive returns prior to the ex-day may be due to increased buying by dividend
capture traders, the evidence is not entirely consistent. The returns on day —1 and day —2 are
not significantly positively correlated with dividend yield. Furthermore, if these returns are
generated by buying pressure, they should be reversed subsequently. However, abnormal re-
turns on days —2 and —1 are not negatively correlated with ex-day returns or the cumulative
abnormal returns over the next five days.
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abnormal returns after controlling for the switch in settlement procedures.
The first row regression includes a dummy variable, which takes on a value
of one during the electronic settlement period and zero otherwise. The coef-
ficient for this variable indicates that ex-day returns dropped by 0.942 per-
cent after the switch to electronic settlement. This coefficient is highly
significant with a ¢-statistic of —4.82. In contrast the coefficient for the time
trend variable is virtually zero, with a ¢-statistic of only —0.098. These re-
sults provide strong evidence that the drop in ex-day returns occur at the
time of the switch to electronic settlement, and that the decline cannot be
attributed to a gradual decline over time.

The next two rows of Panel A examine the time trend within each of
the settlement periods. The results confirm that there is little support for
a significant, gradual decline in ex-day returns. In fact, the results for
the pre-electronic settlement period indicate an increase in ex-day returns
over time during this period. However, the increase is not statistically
significant.

Panel B of Table IV provides more details on this issue by reporting a
year-by-year breakdown of returns during the sample period. Ex-days in
1993 that occurred before the underlying stock was switched to electronic
settlement are grouped together with observations for the year 1992. Simi-
larly, observations in 1992 that occurred after the stock was switched to
electronic settlement are clubbed together with observations for the year
1993.

The abnormal returns for each of the years in the pre-electronic settle-
ment period are significant. The mean and median abnormal return for 1992,
the last year in this period, are 1.313 percent and 0.995 percent, respec-
tively. In contrast, the corresponding numbers for 1993, the first year in the
electronic settlement period, are only 0.237 percent and 0.134 percent, re-
spectively. The ex-day abnormal returns are insignificant for all years in the
electronic settlement period. The drop in the mean abnormal return from
1992 to 1993 is highly significant with a ¢-statistic of —3.47. None of the
other year-to-year changes is significant. These results again point to the
drop being associated with the switch to electronic settlement procedures
rather than occurring steadily over time.

In the above tests, the underlying sample of firms varies between the
time periods due to firms being added or dropped because of listing changes
or changes in dividend policy. The next test examines ex-day returns in the
physical and electronic settlement periods for the same sample of firms.
There are 214 firms with at least one ex-day in each of the settlement
periods. For these firms, the average abnormal return on the last ex-day in
the pre-electronic settlement period is 1.096 percent, which is statistically
significant. In comparison, the average abnormal return is an insignificant
0.173 percent on the first ex-day in the electronic settlement period for the
same set of 214 firms. This test provides further confirmation that the
switch to electronic settlement led to an immediate drop in ex-day abnor-
mal returns.
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Table V

Impact of Switch to Electronic Settlement on High-Yield

versus Low-Yield Stocks
This table presents ex-day statistics for subsamples based on dividend yield. The sample period
is 1990 to 1995. Stocks were admitted in batches to the electronic settlement system during
1992 and 1993. Arbitrage traders are perhaps more likely to target high-yield stocks, which had
larger returns prior to electronic settlement. The median dividend yield is 2.16 percent for the
entire sample of 1,995 observations. This yield is used as the cut-off to classify observations into
the two yield groups.

Panel A: High-Yield Sample

Pre-electronic Settlement Electronic Settlement
(N = 484) (N = 514)

Mean Median Mean Median

Yield % (D/P,) 3.618 3.251 3.697 3.301
Raw return (%) 1.442 1.126 0.068 0.000
Abnormal return (%) 1.332 1.048 0.010 —0.096
Price drop/dividend (%) 53.520 66.667 95.513 100.000
Price drop/tick size 2.980 3.000 5.906 5.000
(Price drop — dividends)/tick size —1.749 —1.200 0.125 0.000

Panel B: Low-Yield Sample

Pre-electronic Settlement Electronic Settlement
(N = 363) (N = 634)

Mean Median Mean Median

Yield % (D/P,) 1.387 1.389 1.288 1.298
Raw return (%) 0.911 0.685 0.248 0.115
Abnormal return (%) 0.854 0.692 0.298 0.223
Price drop/ dividend (%) 38.554 50.000 87.164 93.135
Price drop/tick size 0.726 1.000 1.862 2.000
(Price drop — dividends)/tick size —1.061 —1.000 —0.282 -0.160

D. Comparison of Impact of Electronic Settlement on High-Yield
versus Low-Yield Stocks

Dividend capture trading, enabled by electronic settlement, is more likely
to occur in high-yield stocks rather than low-yield stocks. To study this as-
pect, the entire sample of 1,995 observations is divided into two groups using
the median dividend yield of 2.16 percent as the cut-off. Panels A and B of
Table V report the results separately for the low- and the high-dividend-
yield groups in each settlement period. For each group, the dividend yield is
similar before and after the switch to electronic settlement.

During the pre-electronic settlement period, the average abnormal ex-day
return of 1.332 percent (¢-statistic = 12.68) is larger for the high-yield group
than the 0.854 percent return (¢-statistic = 5.91) for the low-yield group. The
larger returns should attract more attention from potential arbitrageurs.
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Consistent with this proposition, the drop in returns, following the switch to
electronic settlement, is more pronounced for the high-yield group. For this
group, abnormal returns are fully eliminated after the switch. The mean
abnormal return drops to an insignificant 0.01 percent (¢-statistic = 0.46),
whereas the median abnormal return drops to —0.096 percent from 1.048
percent. For the low-dividend-yield group, the mean abnormal return drops
to 0.298 percent (¢-statistic = 2.34).12 Although the mean returns remain
positive after the switch to electronic settlement for this group, the drop in
returns after the switch is nevertheless significant with a ¢-statistic of 2.60.

During the electronic settlement period, in contrast to the earlier period,
the average abnormal return is smaller for the high-yield stocks compared
to the low-yield group. Other measures of ex-day price behavior consistently
indicate a greater impact of electronic settlement for the high-yield group.
The immediate effect of the switch to electronic settlement is especially dra-
matic for the high-yield group. For this group, there are 182 observations
before the switch and 166 observations after the switch when observations
are restricted to 1992 and 1993, the years immediately around the switch to
electronic settlement. Over this period, the average abnormal return drops
from 1.70 percent before the switch to —0.18 percent after the switch. The
corresponding median returns for the two years are 1.44 percent and —0.37
percent, respectively. This evidence supports the conclusion that excess re-
turns on high-yield stocks were eliminated quickly after the switch to elec-
tronic settlement.

E. Cross-sectional Relationship Between Ex-day Price Changes
and Dividend Yields

Table VI presents the tests of the cross-sectional relationship between the
ex-day percentage price changes and the dividend yields. These tests repli-
cate the analysis of Frank and Jagannathan (1998). In their model, where
investors seek to avoid dividends, the intercept term reflects the imbalance
in the supply and demand of shares around the ex-dividend day. The coef-
ficient for the yield variable reflects the marginal value of dividends to
market makers and is expected to be one. The absolute value of the intercept
term in such a regression is proportional to the bid-ask spread and propor-
tion of motivated traders. The authors argue that because the proportion of
motivated traders is likely to vary across stocks, the regression parameters
will be estimated with bias. To alleviate this problem, they suggest estimat-
ing the regressions separately for firms with small and large dividends. The
cut-off of HK $0.07 used by them is retained here.

2 One reason for the difference between low- and high-yield stocks during the electronic
settlement period might be that price discreteness is more important for low-yield stocks. How-
ever, fractional dividend yield, measured following the development of the issue in Bali and
Hite (1998), is actually slightly smaller for the low-dividend group (0.48 percent) compared to
the high-yield group (0.58 percent). Average abnormal return for the low-yield group falls to
only 0.013 percent in 1995.
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Table VI
Relationship Between Ex-day Price Changes and Dividend Yields

These tests replicate the Frank and Jagannathan (1998) regression tests for the sample period
January 1990 to December 1995, separating the observations according to the settlement pro-
cedures used. Stocks were admitted in batches to the electronic settlement system during 1992
and 1993. The following regression equation is estimated:

PCHG; = a + BYLD; +¢;

where PCHG,; is the percentage price drop on the ex-day, and YLD, is the percentage dividend
yield for observation i. The numbers in parentheses in the first two rows of each panel are the
t-statistics for the coefficients. The number in the last row is the significance level of the
F-statistic.

Panel A: Pre-electronic Settlement

All Observations Div. < HK $0.07 Div. = HK $0.07
(N = 847) (N = 500) (N = 347)
Intercept -1.018* —-1.065% —0.648*
(—5.87) (—4.30) (—2.84)
YLD 0.926 0.836 0.929
(16.33) (9.35) (13.96)
Adj. R? 0.24 0.15 0.36
F-statistic 266.5 87.5 194.8
(0.0001) (0.0001) (0.0001)

Panel B: Electronic Settlement

All Observations Div. < HK $0.07 Div. = HK $0.07
(N = 1,148) (N = 659) (N = 489)
Intercept —0.400* -0.254 —0.406*
(—3.25) (-1.39) (—2.34)
YLD 1.098 0.968 1.162
(24.42) (13.11) (20.54)
Adj. R? 0.34 0.21 0.46
F-statistic 584.5 171.8 412.7
(0.0001) (0.0001) (0.0001)

* denotes that the intercept term is significantly different from zero at the 5 percent level using
a two-tailed test.

During the pre-electronic settlement period, the intercept term is —1.018
(¢-statistic = —5.87) in the regression using the entire sample. In contrast,
the intercept term drops to —0.400 during the electronic settlement period
(¢-statistic = —3.25). In the context of the Frank and Jagannathan (1998)
model, this drop can be interpreted as a reduction of the market imbalances.
When the regressions are estimated separately for small and large divi-
dends, a similar drop is observed.!3 However, the drop is more pronounced

13 If observations with dividend yields greater than 10 percent are retained, the intercept
terms for both subsamples are statistically insignificant. The intercept term for the overall
sample remains significant.
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for the small dividend sample. Finally, the higher explanatory power for the
electronic settlement period regressions is consistent with the ex-day price
change being driven to a greater extent by the dividend yield.

F. Relationship between Ex-day Abnormal Returns and Unsystematic Risk

Grammatikos (1989) and Boyd and Jagannathan (1994) argue that risk
exposure is a major cost faced by dividend capture traders. Prior to elec-
tronic settlement, traders trying to exploit ex-day returns in Hong Kong
would have to hold the stock for up to 21 days, and would have considerable
exposure to the unsystematic risk of the stock. This exposure would have
deterred dividend capture trading. After the switch to electronic settlement,
the unsystematic risk of a stock should be of minimal concern to short-term
traders, who need to hold the stock for less than a day.

Table VII presents evidence on the relationship between ex-day abnormal
returns and unsystematic risk. The reported regressions include yield as a
control variable, though its exclusion does not affect results. During the phys-
ical settlement period, ex-day abnormal returns are indeed higher for firms
with greater firm-specific risk, consistent with risk considerations deterring
arbitrage activity. However, unsystematic risk is no longer a significant fac-
tor in the electronic settlement period.

To address the possibility that unsystematic risk may be capturing trans-
action cost effects, the regressions are reestimated using a liquidity variable,
the average daily dollar trading volume over the control period. Lakonishok
and Vermaelen (1986) argue that this liquidity variable should be inversely re-
lated to transaction costs. Conclusions regarding the role of unsystematic risk
are unaffected by the inclusion of the liquidity variable. The observed nega-
tive relationship between abnormal returns and dividend yield during the elec-
tronic settlement period supports the notion that arbitrageurs were active in
eliminating excess returns in high-dividend-yield stocks.

G. Behavior of Trading Volume Around Ex-days

Table VIII presents evidence on trading volume patterns around ex-days.
Stocks that did not trade on the ex-day or the previous day are retained in
the sample, so that there is no upward bias induced in measuring volume on
these days. During the physical settlement period, shares locked up in the
registration process are unavailable for selling. Because registration is re-
quired to receive dividends, the supply of shares should be reduced around
ex-days. The evidence reveals that abnormal volume prior to the ex-day is
uniformly negative around the ex-day. Prior to the ex-day, abnormal volume
is statistically significant only on day —5. However, volume is significantly
below normal on the ex-day and on each of the following five days.1* The
significant drop starting on the ex-day indicates that most new shareholders

14 Abnormal volume remains significantly negative for the next three days, and turns insig-
nificant on days 9 and 10.
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Table VII

Relationship of Ex-dividend Day Return to Dividend Yield
and Stock’s Unsystematic Risk
These tests examine the influence of unsystematic risk on ex-dividend day returns. The sample
period is 1990 to 1995. Stocks were admitted in batches to the electronic settlement system
during 1992 and 1993. In the pre-electronic settlement period, traders had to hold the stock for
as many as 21 days while the stock was registered, and had to bear the risk during this period.
Electronic settlement eliminates this period. Short-term traders should be attracted to stocks
with high dividend yields and low transaction costs. The following regression equations are
estimated:

Model A: EXRET, = « + 8, YLD, + 8,UNSYS RISK; + ¢
Model B: EXRET, = « + 8, YLD, + 8,UNSYS RISK, + 8;LIQUIDITY, + e,,

where EXRET is the ex-day percentage abnormal return, YLD is the percentage dividend yield,
UNSYS RISK is a measure of the stock’s unsystematic risk assessed from the residuals of a
market model regression estimated during the control period of 50 trading days preceding
day —5 relative to the ex-day. LIQUIDITY is the average daily volume during the control period
expressed in millions of HK$, and should be inversely related to transaction costs. The numbers
in parentheses below the coefficients are the ¢-statistics. The number in parentheses in the last
row is the significance level of the F-statistic.

Pre-electronic Settlement

Electronic Settlement

(N = 847) (N =1,148)
Model A Model B Model A Model B
Intercept 0.631* 0.757* 0.359 0.544*
(2.94) (3.24) (1.74) (2.44)
YLD 0.061 0.033 —0.129* —0.155*
(1.19) (0.62) (—2.97) (—3.40)
UNSYS RISK 0.178* 0.178* 0.052 0.013
(2.42) (2.35) (0.70) (0.17)
LIQUIDITY -0.007 —0.005%*
— (-1.87) — (—2.30)
Adj. R? 0.01 0.01 0.01 0.02
F-statistic 3.45 3.00 4.69 4.99
(0.0323) (0.0300) (0.0094) (0.0019)

* denotes significance at the 5 percent level using a two-tailed test.

wait till just before the ex-day to send their share certificates for registra-
tion. The subsequent drying up of shares available for selling adversely af-
fects trading volume on the following days. The volume patterns are similar
for high-yield and low-yield stocks.

During the electronic settlement period, there is a significant increase in
volume during each of the five days before the ex-day, consistent with in-
vestors acquiring the stock ahead of the ex-day. The increase in volume is
larger for high-yield stocks. On the day prior to the ex-day, the mean ab-
normal volume measure for high-yield stocks is 0.299, with a ¢-statistic of
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Table VIII
Abnormal Trading Volume around Ex-dividend Day

Volume is measured as the log of percentage of outstanding shares traded. Abnormal volume is
assessed using a market model estimated during the 50 days beginning 55 days before the
ex-dividend date. Stocks for which the outstanding shares changed by more than 5 percent
during the control and event period are omitted, to prevent distortion of abnormal volume
calculations. Stocks that did not trade on the ex-day or the previous day are retained in the
sample to avoid upward bias on these days. The sample period is 1990 to 1995. Stocks were
admitted in batches to the electronic settlement system during 1992 and 1993. The t-statistics,
in parentheses, are computed by using calendar-time portfolios to account for the impact of
event clustering.

Pre-electronic Settlement Electronic Settlement

All All
Observations  High Yield Low Yield Observations High Yield Low Yield
(N =909) (N = 530) (N = 379) (N = 1,130) (N =513) (N =617

Day -5 —0.072%* —0.074* —-0.070 0.077* 0.082°%* 0.072
(—2.63) (—2.96) (-1.17) (2.21) (1.96) (1.89)
Day —4 —0.033 —0.026 —0.043 0.125% 0.134* 0.117*
(—1.60) (—1.15) (—1.24) (3.43) (2.74) (2.74)
Day -3 —0.018 0.005 —0.051 0.099* 0.179% 0.033
(=0.67) (—0.38) (—1.30) (2.02) (2.98) (1.11)
Day -2 -0.014 0.032 —0.078 0.139% 0.201* 0.088*
(—0.25) (0.53) (—1.22) (2.91) (3.30) (1.97)
Day -1 —0.049 —0.003 —0.112% 0.172% 0.299* 0.066
(—1.86) (—=0.39) (—2.12) (4.59) (6.28) (1.49)
Ex-day —0.225% —0.255%* —0.184* —0.091* —0.046 —0.128*
(—5.67) (—5.15) (—3.59) (—2.43) (—1.28) (—2.25)
Day 1 —0.173%* —0.195% —0.142% —0.050 —0.054 —0.046
(—4.63) (—4.64) (—2.76) (—1.29) (—1.81) (0.06)
Day 2 —0.128%* —0.152% —0.096 —0.033 —0.067 —0.006
(—3.45) (—3.81) (—1.65) (=0.57) (—1.82) (0.94)
Day 3 —0.135% —0.145%* —0.121%* 0.010 0.015 0.007
(—3.40) (—3.70) (—2.01) (1.07) (0.22) (0.76)
Day 4 —0.126* —0.152%* -0.091 —0.041 -0.013 —0.066
(—2.81) (—3.06) (—1.47) (—0.58) (0.05) (=0.51)
Day 5 —0.165% —0.118% —0.232% 0.029 0.043 0.018
(—4.08) (—2.70) (—4.26) (0.99) (1.69) (0.48)

* denotes significance at the 5 percent level using a two-tailed test.

6.28. This compares with an insignificant value of 0.066 for the low-yield
stocks. This evidence suggests that dividend capture traders focus their buy-
ing in high-yield stocks.

On the ex-day itself, there is a significant reduction in volume. However,
this drop is driven mainly by the low-yield group. In sharp contrast to the
physical settlement period, there is no significant drop in volume after the
ex-day. All shares continue to be available for trading after the ex-day under
electronic settlement, and consequently, trading volume is not affected
significantly.



Reduction of Constraints on Arbitrage Trading, Market Efficiency 2859

Table IX
Relationship between Abnormal Trading Volume and Dividend Yield

Cumulative abnormal volume is measured during the five days prior to the ex-day (PREVOL),
and on the ex-day and the five days after the ex-day (POSTVOL). Dividend yield (YLD) is
measured using the first available price preceding the ex-day. The following models are estimated:

PREVOL, = « + BYLD, + ¢;

POSTVOL; = a + BYLD, +¢;
Stocks that did not trade on the ex-day are retained in the sample. The sample period is 1990
to 1995. Stocks were admitted in batches to the electronic settlement system during 1992 and

1993. The numbers in parentheses in the first two rows of each panel are the ¢-statistics for the
coefficients. The number in parentheses in the last row is the significance level of the F-statistic.

Pre-electronic Settlement Electronic Settlement
(N = 909) (N = 1,130)
PREVOL POSTVOL PREVOL POSTVOL
Intercept -0.491% —0.582 -0.070 —0.225
(—2.64) (—2.31) (—0.41) (—1.08)
YLD 0.118 —0.145 0.294* 0.018
(1.94) (—1.75) (4.98) (0.25)
Adj. R? 0.00 0.00 0.02 0.00
F-statistic 3.76 3.07 24.83 0.06
(0.0529) (0.0801) (0.0001) (0.8058)

* denotes significance at the 5 percent level using a two-tailed test.

Table IX reveals that dividend yield is positively related to cumulative
abnormal trading volume prior to the ex-day under both settlement periods.
However, during the electronic settlement period, the sensitivity is highly
significant (z-statistic = 4.98) and much greater. The coefficient in this pe-
riod is more than double the coefficient during the physical settlement period.

During the physical settlement period, volume on and after the ex-day is
negatively related to dividend yield, though the coefficient is significant
only at the 10 percent level. The negative relationship provides weak evi-
dence that stocks with higher dividend yields were more prone to the drying
up of liquidity immediately after the ex-day, as they attracted more buyers
just before the ex-day who had to register their shares. During the electronic
settlement period, there is no significant relationship between dividend yield
and trading volume on and after the ex-day.

During the electronic settlement period, there is an increase in volume
both before and after the ex-day in comparison to the physical settlement
period. However, the lack of significant positive abnormal volume after the
ex-day, especially for high-yield stocks, precludes a definitive conclusion about
the presence of short-term traders during the electronic settlement period.
It should be emphasized that the reduction in ex-day returns after the switch
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to electronic settlement could arise merely from the potential for short-term
arbitrage trading. It does not necessarily require the manifestation of ele-
vated levels of such trading activity.

IV. Conclusions

Frank and Jagannathan (1998) document positive ex-dividend day returns
of about 1.3 percent in the tax-free environment of Hong Kong. During much
of the period examined by Frank and Jagannathan, arbitrage trades around
ex-days were hampered by settlement procedures, which required physical
delivery of share certificates within a day. Shares had to be registered with
the firm in order to receive dividends. The registration process locked up
share certificates for 21 days, during which they were unavailable for selling.

In 1992, the Stock Exchange of Hong Kong initiated a transition to a new
settlement system, under which settlement was done through electronic book
entries. This system removed the physical delivery requirements, and en-
abled quick turnaround arbitrage trades around ex-days. Dividend capture
traders could buy on the last cum-day and sell on the ex-day.

Given the increased ease of arbitrage trading under electronic settlement,
this paper reexamines ex-day returns in the Hong Kong stock market after
the switch in settlement systems. The results demonstrate that positive ex-
day returns are virtually eliminated after the switch. They provide powerful
evidence that short-term traders looking for arbitrage opportunities erased
excess returns soon after the easing of restrictions on their trading. Under
electronic settlement, there is increased trading volume immediately before
the ex-day, but not after. This evidence is consistent with the interpretation
that the mere potential for arbitrage suffices to eliminate profit opportuni-
ties. Overall, the evidence supports the argument that regulatory or insti-
tutional features that inhibit short-term trading will adversely affect pricing
efficiency of financial markets.
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