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Abstract

This paper examines the impact of short sales constraints on stock price behavior using data from the Taiwan Stock
Exchange. The data involves 33 constituent stocks of the Taiwan 50 index fund over the 480 days in both the pre- and
post-period surrounding the lift of the uptick rule effectively on May 16, 2005. The results indicate that the R? esti-
mated from the market model is significantly higher in the pre-period than that in the post-period. Similarly, the cross-
autocorrelation between the individual stock returns and the lagged market returns is significantly higher in the pre-
period than that in the post-period. The results are consistent with the delayed price discovery hypothesis in that short
sales constraints delay the incorporation of information into securities prices.

Moreover, there is no significant difference in the 3-day cumulative abnormal returns between the pre- and the post-
period following large price declines. The results do not support the overvaluation hypothesis which predicts a signifi-
cant overvaluation in the pre-period when the uptick rule is imposed. However, the empirical results indicate a signifi-
cantly negative overnight abnormal return following the large price decline in the pre-period than that in the post-
period, followed by a significantly positive trading-time abnormal return in the pre-period than that in the post-period.
The results are consistent with the hypothesis that investors overreact to bad news in the presence of short sales con-

straints, followed by a price reversal in the subsequent trading-time period.

Keywords: short sales constraints, price discovery, overvaluation.
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Introduction

Short sales refer to the situation where investors
borrow securities and sell them in the stock market.
Short sellers hope that securities prices will drop so
that they can benefit from buying back the borrowed
securities at a lower price. If the securities prices go
down as expected, short sellers reap a profit when
they repay their borrowed securities. In a downward
market, however, short sellers are criticized for ex-
acerbating the market decline as well as causing
market panics. Short sellers are also blamed for
manipulating securities prices especially for smaller
and illiquid stocks.

In response to these criticisms, regulators may re-
strict the practice of short sales. For example, short
sales may be allowed only to a smaller subset of
listed securities, typically larger and more liquid
securities. Alternatively, regulators may impose an
up-tick rule that allows the practice of short sales
only in an upward market. The rational of restricting
short sales to larger and more liquid securities is that
these securities are less vulnerable to potential abuse
of price manipulation. Similarly, the rational of re-
stricting short sales in an upward market is that it
avoids the additional selling pressure from short
sellers in a downward market, which is considered a
crucial factor that might exacerbate market panics
during market decline.

However, the effectiveness of short sales constraints
has been questioned since the imposition of short
sales constraints is not without costs. One major
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concern is that short sales constraints might affect
the efficiency of price discovery in securities mar-
kets. Diamond and Verrecchia (1987), among oth-
ers, argue that the imposition of short sales con-
straints could reduce the information efficiency of
price discovery in securities markets. Moreover,
Miller (1977) argues that the imposition of short
sales constraints results in overvaluation of securi-
ties prices. He hypothesizes that, in a market with
diverse opinions among investors, the observed
stock price will be biased toward the opinion of
more optimistic investors in the presence of short
sales constraints.

Empirical evidence on the price impact of short
sales constraints is mixed, caused in part by both the
cross-sectional variation among different stock ex-
changes as well as potential time-series confounding
factors. For example, market structures vary widely
among stock exchanges in the world. As such, em-
pirical evidence drawn from different stock ex-
changes may be confounded by both the impact of
short sales constraints as well as the unique market
mechanisms. Moreover, regulation regarding short
sales does not change frequently. As a result, em-
pirical research that examines the impact of short
sales using time-series data tends to be restricted
by the limited number of independent sample ob-
servations.

Like many other stock exchanges in the world, the
Taiwan Stock Exchange imposes short sales con-
straints. First, the Taiwan Stock Exchange requires
that listed stocks must meet certain conditions in
order to qualify for short sales. Among these condi-
tions is the requirement that the firm must experi-
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ence no cumulative net loss so that the total stock-
holder equity must not be lower than the par value
of the stock. Moreover, prior to May 16, 2005, the
Taiwan Stock Exchange imposes an uptick rule that
allows short sales only at prices that are at least as
high as the closing price in the previous trading day
for all stocks eligible for short sales.

Effectively on May 16, 2005, the Taiwan Stock
Exchange relaxes the uptick constraint by allowing
short sales for a selected subset of listed stocks at
prices lower than the closing price in the previous
trading day. These selected stocks belong to the
constituent stocks of the Taiwan 50 Exchange
Traded Fund (ETF). The Taiwan 50 ETF is an index
fund consisted of the 50 largest and actively traded
stocks on the Taiwan Stock exchange. The index
fund aims to trace the movement of the Taiwan
Weighted Market Index, which is the most fre-
quently cited market index in the Taiwan stock mar-
ket. The rational for choosing these Taiwan 50 ETF
constituent stocks is that these stocks are considered
less vulnerable to potential abuse of price manipula-
tion by short sellers.

The purpose of this paper is to examine the impact
of short sales constraints on price behavior using
data from the Taiwan Stock Exchange. Specifically,
we examine the price behavior for the constituent
stocks of the Taiwan 50 ETF in the pre- and post-
period of the relaxation of the uptick regulation
effectively on May 16, 2006. Two hypotheses are
examined. The delayed price discovery hypothesis
suggests that short sales constraints hinder the effi-
ciency of price discovery (e.g., Diamond and Ver-
recchia, 1987). In addition, the overvaluation hy-
pothesis suggests that short sales constraints are
associated with overvaluation of stock prices (e.g.,
Miller, 1977).

The uptick rule in many other stock exchanges re-
quire short sales prices not lower than the most re-
cent transaction price or the best current ask price (e.g.,
the U.S. stock markets). In contrast, the uptick rule
imposed on the Taiwan Stock Exchange requires short
sales prices not lower than the closing prices in the
previous trading day. Empirical results from the Tai-
wan stock market provides further evidence regarding
the validity of the above hypotheses regarding the
impact of short-sales constraints.

Our empirical results indicate that short sales con-
straints delay the price discovery. The R* of the
market model is significantly higher in the pre-
period than that in the post-period. Further, the
cross-autocorrelation between individual stock re-
turns and lagged market returns is significantly
higher in the pre-period than that in the post-period.
However, the empirical results do not support the
overvaluation hypothesis. There is no significant

difference between the pre- and the post-period for
the 3-day cumulative abnormal returns following
large price decline. Instead, the results indicate an
intraday overreaction in the pre-period relative to
that in the post-period. When the day 1 abnormal
returns are broken down into overnight and trading-
time components, the results indicate an overreac-
tion in the day 1 overnight period and a subsequent
price reversal in the pre-period as compared to the
post-period.

This paper contributes to the existing literature by
examining the impact of short sales constraints on
stock price behavior from the Taiwan Stock Ex-
change. We examine the stock price behavior for the
constituent stocks of the Taiwan 50 ETF before and
after the relaxation of the short sales constraints
effectively on May 16, 2006. Previous studies focus
mainly on stock exchanges such as the United States
stock markets. Evidence from the Taiwan stock
market could provide further insight into the effect
of short sales constraints. Consistent with the previ-
ous research, our empirical results indicate that price
discovery efficiency improves following the relaxa-
tion of short sales constraints. However, unlike pre-
vious studies, our results do not support the over-
valuation hypothesis. There is no significant differ-
ence between the pre- and the post-period for the 3-
day cumulative abnormal returns following a large
price decline. This result indicates that stock prices
need not be biased upward if short sales constraints
are imposed. This may tend to be true if the stocks
are traded heavily. Finally, our results indicate an
intraday overreaction under the short sales con-
straints. Thus, stock prices may be more volatile
under short sales constraints especially when the
short sales constraints are binding.

The remainder of this paper is as follows. Section 1
provides literature review of previous research. Sec-
tion 3 introduces the institutional background of the
short sales constraints imposed on the Taiwan Stock
Exchange and the hypotheses to be tested in this
paper. Section 3 describes the data and methodol-
ogy. Section 4 reports empirical results. The last
Section concludes.

1. Literature review

One important issue regarding the impact of short
sales constraints on price behavior is whether
short sales constraints affect the efficiency of
price discovery. Diamond and Verrecchia (1987)
explore the effect of short sales constraints on the
speed of price adjustment to private information.
They propose that the price of a stock constrained
by short sales adjusts more slowly to unfavorable
private information than it does to favorable pri-
vate information. That is, short sales constraints
tend to delay the price discovery of negative pri-
vate information.
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Bris et al. (2007) examine the impact of short sales
constraints on the price discovery efficiency using
cross-sectional and time-series data from 46 equity
markets around the world. They find that stock
prices incorporate negative information more
quickly in countries where short sales are allowed
and practiced. Their empirical evidence is consistent
with the delayed price discovery hypothesis in Dia-
mond and Verrecchia (1987) which suggests a nega-
tive association between short sales restrictions and
the incorporation of negative prices into prices.

Moreover, Bris et al. (2007) document evidence that
short sales constraints are associated with less
skewness in market returns. However, they note that
although market returns are more negatively skewed
in markets that permit short sales, negative extreme
returns do not become more frequent. That is, short
sales are associated with more negative returns, but
not necessarily more frequent negative extreme
returns. This evidence is consistent with the explana-
tion that short sales may affect the skewness of mar-
ket returns, but need not cause a market crash.

Another important issue is whether short sales con-
straints lead to overvaluation of securities prices.
Miller (1977) proposes that short sales constraints
have asymmetric impacts on investors with favor-
able and unfavorable information. He hypothesizes
that when investors hold different views regarding
the value of securities, the restriction of short sales
results in overvaluation of security prices. The secu-
rity prices tend to reflect more of the optimistic in-
formation than that of the pessimistic information
when short sales are either prohibited or costly. Un-
der this situation, the observed security prices will
be upward biased if short sales are not allowed or
very costly to practice. Moreover, the higher the
degree of heterogeneous beliefs among investors,
the larger the upward bias for the security valuation
when short sales are constrained. Similarly,
Figlewski (1981), Chen et al. (2002), among others,
also document that short sales constraints are asso-
ciated with overvaluation of security prices and
lower future returns.

The systematic overvaluation of security prices,
however, is inconsistent with the existence of ra-
tional investors who should eventually incorporate
this market imperfection into consideration. Dia-
mond and Verrecchia (1987) argue that, in an effi-
cient market where security prices reflect all avail-
able information, investors will recognize this po-
tential bias caused by short sales constraints. To
correct the bias, investors may infer the unbiased
valuation of securities through Bayesian estimation
of securities value when the securities are subject to
short sales constraints. With this Bayesian estima-
tion, the potential upward bias caused by short sales
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constraints can be corrected. Thus, in a rational ex-
pectation framework, investors can adjust the poten-
tial bias caused by short sales constraints so that the
eventual security prices represent an unbiased ex-
pectation of all available information.

Chang et al. (2007) examine the impact of short
sales practices on stock valuation using data from
the Hong Kong stock market. The Hong Kong Stock
Exchange maintains a list of designated securities
eligible for short sales. The empirical results indi-
cate that the cumulative abnormal returns are sig-
nificantly negative for securities made eligible for
short selling over the window following the eligibil-
ity of short sales. The results are consistent with the
overvaluation hypothesis in Miller (1977) with the
presence of short sales constraints. Moreover, they
document that the overvaluation effect is more dra-
matic for stocks with wider dispersion of investor
opinions.

Recently, Berkman et al. (20092a) have examined the
impact of differences of opinions on stock price
behavior. Using five proxies for the difference of
opinions, they examine price behavior over the 3-
day window surrounding earnings announcements.
They report that a narrower difference of opinions
reduces the upward bias in stock prices. Similarly,
Berkman et al. (2009b) examine the impact of dis-
persion of opinions on stock prices. They investigate
intraday data for 3000 largest U.S. stocks over the
period of 1996-2004. They document that the
greater the dispersion of opinions near the open, the
larger the magnitude of the positive overnight re-
turns and trading day reversals. Zheng (2009) also
investigates the relationship between short sales and
earnings announcements. Using intraday data for
1883 NYSE-listed stocks from January 2005
through May 2007, Zheng (2009) finds that short
sales increase immediately following both negative
and positive earnings surprises. Following positive
earnings surprises, short selling reverses stock
prices back to fundamentals, which helps improve
market efficiency. In contrast, short selling does not
contribute to market efficiency following negative
earnings announcements.

Diether et al. (2009) examine the daily short-selling
activity for all NYSE and Nasdaq listed stocks dur-
ing 2005. They find that short sellers tend to trade
on short-term overreaction of stock prices. In par-
ticular, short sellers increase their short selling ac-
tivity following periods of positive returns. Their
evidence supports the notion that short sellers help
correct short-term overreaction of stock prices. Cai
et al. (2009) investigate the efficiency of stock mar-
ket following the removal of short sale constraints in
the Hong Kong stock market. They document that
liquidity of the underlying stocks worsens, informa-
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tion asymmetry aggravates, and intraday return
volatility reduces when short sales are allowed. Cai
et al. (2009) propose that the lower market effi-
ciency following the removal of short sale con-
straints is contributed by the situation where noise
traders withdraw from the market to avoid trading
with informed traders.

2. Institutional background and hypotheses

2.1. Institutional background. The Taiwan Stock
Exchange stipulates that listed stocks must meet
certain requirements in order to qualify for short
selling. Among the requirements is the condition
that the net worth of stockholder equity must exceed
the par value of stockholder equity. However, prior
to the relaxation of the short sales constraints effec-
tively on May 16, 2005, short sales are subject to an
uptick rule that all short sales prices must be at least
as high as the closing price in the previous trading
day. For example, assume the closing price for a
particular stock is NT$100 on day -1. Suppose some
negative information arrives on day 0, which is to
cause the stock price to close at NT$93 if there were
no short sales constraints. With the presence of the
short sales constraint, however, the stock price
might close at NT$95 due to the inability of poten-
tial short sellers to short the stock at prices below
NYS$100. The potential short sellers would have to
wait until day 1 to short the stocks at prices below
NT$100. As a result, the short sales constraints de-
lay the selling pressure by these potential short sell-
ers from day O to day 1. If so, the observed day 0
closing price will be biased upward relative to the
“true” value of NT$93.

In an attempt to improve the efficiency of price dis-
covery, the Taiwan Stock Exchange relaxed the
uptick rule for certain designated stocks effectively
on May 16, 2005. Specifically, starting from May
16, 2005, the Taiwan Stock Exchange relaxed the
uptick rule by allowing the constituent stocks of the
Taiwan 50 ETF to short sell at prices below the
closing prices in the previous trading day. The Tai-
wan 50 ETF is an index fund that traces the move-
ment of the widely cited broad market index of the
Taiwan Weighted Market Index compiled by the
Taiwan Stock Exchange. Since the constituent
stocks of the Taiwan 50 ETF are among the largest
and most actively traded stocks listed on the Taiwan
Stock Exchange, these stocks are considered less
vulnerable to potential price manipulation by short
sellers.

The relaxation of the uptick rule for the Taiwan 50
constituent stocks provides an opportunity to exam-
ine the impact of short sales constraints on stock
price behavior. Since the constituent stocks of the
Taiwan 50 ETF are among the largest stocks on the
Taiwan Stock Exchange, they are eligible for short

sales from the beginning. However, prior to the re-
laxation of the uptick rule, these Taiwan 50 ETF
constituent stocks are not allowed for short sales at
prices below the closing price in the previous trading
day. Following the relaxation of the uptick rule, short
sellers can short these stocks at prices below the
closing price in the previous trading day. The pur-
pose of this paper is, therefore, to examine the impact
of the relaxation of the uptick rule on the price behav-
ior of the Taiwan 50 ETF constituent stocks. Specifi-
cally, we examine the impact of short sales constraints
by comparing the price behavior before and after the
relaxation of the uptick rule for the constituent stocks
of the Taiwan 50 ETF.

2.2. Hypotheses. Following previous research (e.g.,
Chang et al., 2007; Bris et al., 2007), we examine
whether price discovery is more efficient and unbi-
ased following the relaxation of the uptick rule us-
ing data from the Taiwan Stock Exchange. Follow-
ing Diamond and Verrecchia (1987), we hypothe-
size that price discovery should be more efficient
following the relaxation of the short sales con-
straints. Similarly, following Miller (1977), we hy-
pothesize that stock prices will tend to be overval-
ued prior to the relaxation of the short sales con-
straints. Specifically, we summarize the hypotheses
to be tested as follows.

Hypothesis 1 (the delayed price discovery hypothe-
sis of short sales constraints): Diamond and Verrec-
chia (1987) propose that price discovery efficiency
should be higher in the absence of short sales con-
straints. Thus, we hypothesize that price discov-
ery efficiency should be higher for the Taiwan 50
ETF constituent stocks in the post-period follow-
ing the relaxation of the uptick rule effectively on
May 16, 2005.

Hypothesis 2 (the overvaluation hypothesis of short
sales constraints): Miller (1977) proposes that stock
prices tend to be overvalued with the presence of
short sales constraints. Thus, we hypothesize that
the prices of the Taiwan 50 ETF constituent stocks
will tend to be overvalued in the pre-period prior to
the relaxation of the uptick rule effectively on May
16, 2005. The overvaluation of stock prices results
from the inability of short sellers to short stocks
with negative information.

3. Data and methodology

3.1. Data. To examine the price impact of short
sales constraints, the price behavior for the Taiwan
50 constituent stocks is examined in the pre- and
post-period surrounding the relaxation of the uptick
rule on May 16, 2005. Daily stock returns are col-
lected for the Taiwan 50 ETF constituent stocks in
both the pre- and post-period. Both the pre- and
post-periods involve 480 trading days (roughly 2
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years), respectively, surrounding the event day of
May 16, 2005. Daily return data are obtained from
the database of the Taiwan Economic Journal with
the stock returns adjusted for cash dividends, stock
dividends, and stock splits. The length of the pre-
and post-period is selected to balance sample size
and potential changing market conditions. To exam-
ine the robustness of the empirical results, the im-
pact of short sales constraints is also examined for a
shorter period of 240 trading days for both the pre-
and post-period surrounding the event day.

The Taiwan 50 ETF is an index fund that traces the
movement of the widely cited broad market index of
the Taiwan Weighted Market Index compiled by the
Taiwan Stock Exchange. The constituent stocks of
the Taiwan 50 ETF are among the largest and most
actively traded stocks listed on the Taiwan Stock
Exchange. These constituent stocks are chosen from
different industries which fairly represent the whole
market. In the sample period, the market value of
the constituent stocks of Taiwan 50 ETF accounts
for about 70% of the market capitalization of the
Taiwan Stock Exchange. The correlation between
the Taiwan 50 ETF and the Taiwan Weighted Mar-
ket Index is estimated to be approximately 98%.
Thus, the price movements of the Taiwan 50 ETF
highly resemble that of the Taiwan Weighted Mar-
ket Index.

Since the constituent stocks of the Taiwan 50 index
fund are revised every quarter, only a total of 33
stocks remain on the list throughout the sample pe-
riod. Thus, we focus on the price behavior of these
33 stocks. The Taiwan 50 index fund selects the
constituent stocks every quarter mainly on the basis
of the market value. The Taiwan 50 index fund se-
lects the constituent stocks every quarter mainly on
the basis of the market value. The 33 stocks tend to
be larger in terms of market value. Moreover, the
market value of these 33 stocks remains fairly stable
throughout the sample period. A comparison of the
price behavior for these firms in the pre- and post-
period would be less affected by the changing mar-
ket value in the sample period.

3.2. Methodology. 3.2.1. The efficiency of price
discovery. Following Bris et al. (2007), we test the
delayed price discovery hypothesis by comparing R?
and the cross-autocorrelation coefficients in the pre-
and post-period:

¢ R% Mgrck et al. (2000), Bris et al. (2007) sug-
gest that less firm-specific negative information
will be incorporated into stock prices in the
presence of short sales constraints. If so, the co-
movement of individual stock returns with the
market returns will be higher when the short
sales constraints are binding. Thus, the delayed
price discovery hypothesis can be tested by ex-
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amining the difference of the downside R* in the
pre- and post-period. According to this hypothe-
sis, the pre-minus-post downside R* should be
significantly positive in the presence of short
sales constraints. Bris et al. (2007) estimate the
upside and downside R? coefficients conditional
on the sign of the market returns.

The co-movement of individual stock returns and
market returns is examined by estimating the market
model. However, the uptick rule imposed on the
Taiwan Stock Exchange requires that short sales
prices be at least as high as the closing price in the
previous trading day for individual stocks. Thus,
unlike Bris et al. (2007) that estimate upside and
downside R” coefficients conditional on the sign of
market returns, we estimate the upside and the
downside R” coefficients conditional on the sign of
individual stock returns. Thus, for the upside Rz, the
regression is estimated conditional on positive or
zero individual stock returns, r+j,t. Similarly, for the
downside R, the regression is estimated conditional
on negative individual stock returns, r ;. Specifi-
cally, the following two market model regressions
are estimated to measure the upside and downside
R? as follows:

rj,t:aj‘"ﬂjrm,z"'é}‘,t (D
rj,t=aj+,8jrm,r+¢5}‘,z ()

¢ Cross-autocorrelation. Diamond and Verrecchia
(1987) hypothesize that prices will adjust slowly
to negative information in the presence of short
sales constraints. To examine this hypothesis,
Hou and Moskowitz (2004) compare the R? of
the regression of individual stock returns on
lagged market returns, with the R” of the regres-
sion of individual stock returns on contempora-
neous market returns. Similarly, Bris et al.
(2007) examine this delayed price discovery hy-
pothesis by examining the cross-autocorrelation
conditional on the sign of market returns. They
first estimate the upside cross-autocorrelation
coefficient conditional on the lagged market re-
turns being zero or positive, p'j= corr(rjg, I'me1),
and the downside cross-autocorrelation coeffi-
cient conditional on the lagged market returns
being negative, p j = corr(rj;, I me1). Then, they
examine the significance of the difference be-
tween the upside and the downside cross-
autocorrelation, coefficients p™; = (p7 - p7)).
Our cross auto-correlation is estimated between
individual stock returns and lagged market returns.
Since the uptick rule on the Taiwan Stock Exchange
applies to transactions with negative individual
stock returns, we estimate the upside and downside
cross-autocorrelation coefficients conditional on the
sign of individual stock returns as follows:
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pli=corr(rtyy ), (3)
pj=corr(r iy mi1), 4
A= 05- P 5)

3.2.2. The distribution of stock returns:

¢ Skewness. One frequently cited reason by regu-
lators for the adoption of short sales con-
straints is that such constraints help to prevent
financial market panics. One way to test the
validity of this assertion is to examine the dis-
tribution of stock returns conditional on short
sales constraints. If short sales constraints
help to prevent market panics, the observed
skewness of stock returns should be less nega-
tively skewed in the presence of short sales
constraints.

Following Bris et al. (2007), we examine the skew-
ness of individual stock raw returns and individual
stock abnormal returns. Individual stock raw returns
primarily reflect systematic shocks. In contrast,
individual stock abnormal returns estimated by the
market-adjusted model remove the impact of mar-
ket-wide shock and thus primarily reflect the impact
of firm-specific information. Examination of return
distribution provides a way to understand how short
sales constraints might affect the price behavior
from both market-wide shocks as well as firm-
specific shocks.

¢ Frequency of extreme negative returns. An-
other way to examine the issue of whether short
sales constraints reduce financial panics is by
examining the frequency of extreme negative re-
turns. This allows an evaluation of whether
short sales constraints reduce the severity of a
market crash. Following Bris et al. (2007), we
estimate the frequency of extreme negative stock
returns by calculating the frequency of stock re-
turns below two standard deviations from the
mean return. Moreover, we estimate the expected
value of these extreme negative returns.

3.2.3. Abnormal returns following large price de-
cline. The overvaluation hypothesis proposed in
Miller (1977) suggests that stock prices tend to be
overvalued in the presence of short sales con-
straints. Moreover, the hypothesis suggests that
the overvaluation effect caused by short sales
constraints is positively related to the degree of
dispersion of opinions. That is, the more diverse
the opinions among investors, the larger the de-
gree of overvaluation. Chang et al. (2007) exam-
ine the overvaluation hypothesis of short sales
constraints by examining the abnormal returns for
stocks eligible for short sales.

Following Chang et al. (2007), we examine the price
impact of short sales constraints by estimating the
abnormal returns for stocks with and without short
sales constraints. The price behavior for the Taiwan
50 ETF constituent stocks that experience large
price declines (denoted as the event date 0) is com-
pared between the pre- and the post-period for the 3-
day event window.

To identify returns that experience large price de-
cline, we screen daily return observations of the 33
constituent stocks in the sample period via a two-
step procedure. First, we select return observa-
tions with negative daily raw returns from the
sample stocks in both the pre- and post-period.
Since the uptick rule imposed on the Taiwan
Stock Exchange forbids short sales at prices lower
than the closing price in the previous trading day,
negative daily returns indicate a lower closing
price than that in the previous trading day. Thus,
the first screening process assures that the uptick
rule is a binding constraint for these negative
daily returns in the pre-period, but not in the post-
period. Thus, comparison of price behavior for
stocks experiencing the event of negative raw
returns in the pre- and post-period allows us to
examine the impact of short sales constraints.

Second, from the returns observations that pass the
first-step screening criterion, we select the top 20%
ranked by negative private information. Thus, we
rank those negative raw returns obtained from step
one by abnormal returns estimated by the market-
adjusted model as follows:

ARiz =l =l (6)

where 7, is the continuous daily return for stock i
onday 7, 1, =In(p, /p;,): p, and p;, , are the

closing prices on days ¢ and f—1 respectively. r,

mt
is the market return on day ¢ based the value
weighted index compiled by the Taiwan Stock Ex-
change. AR, is the abnormal return estimated as

the difference between the stock return and the mar-
ket return.

This two-step procedure yields a total of 2279 daily
observations in the pre- and post-period. We denote
the day on which a selected daily return is ranked
top 20% by abnormal returns as the event day 0. We
then examine the price behavior over the event win-
dow from event day 1 through 3 for these stock
returns. A significantly negative abnormal return in
the 3-day event window in the pre-period, but not in
the post-period, is consistent with the overvaluation
hypothesis.
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Moreover, abnormal returns in the event window are
further broken down into overnight and trading-time
components. For example, the day 1 overnight ab-

normal return, AR and the day 1 trading-time

il,co?

abnormal return, AR are estimated as follows

(Egs. (2) and (3)):

il,oc

ARil,m = ril,co - rml,co’ (7)
ARil,oc = ril,oc - rml,oc’ (8)
where 7, ., and 7, ., are the day 1 overnight returns

for stock i and the market index, respectively. Simi-
and r,

ml,oc

larly, 7. are the day 1 trading-time re-

turns for stock i and the market index, respectively.
4. Empirical results

4.1. The efficiency of price discovery. Table 1
reports empirical results for the R® of the market
model regression in the pre- and post-period. The
results indicate that the R” is significantly higher in
the pre-period than that in the post-period. For ex-
ample, the downside R” of 0.35 in the pre-period is
significantly higher than the corresponding 0.21 in
the post-period. The difference of 0.14 between the
pre- and post-period downside R* is significantly
positive with a t-value of 6.72. Similarly, the overall
R? is significantly higher in the pre-period than that
in the post-period. These results are in line with
those documented in Bris et al. (2007) and are consis-
tent with the hypothesis that more firm-specific infor-
mation is incorporated into stock prices in the post-
period where short sales constraints are lifted. In addi-
tional to the method in Equations (1) and (2), we also
estimate upside and downside R* coefficients condi-
tional on the sign of market returns as in Bris et al.
(2007), the results are qualitatively the same.

Table 1. The R? in the pre- and post-period

This table reports the R? in the pre- and post-period. The sample
involves 33 constituent stocks of the Taiwan 50 Index fund. The
R’ is the average correlation coefficient for the 33 sample
stocks. The market model is used as the appropriate model. The
upside (downside) R? is estimated for positive (negative) indi-
vidual stock returns against corresponding market returns.

. . Difference
Pre-period Post-period (t-value)
2 0.1195
Overall R 0.4321 0.3126 (8.78)
. 2 0.1287
Upside R 0.2430 0.1142 (9.30)*
. 2 0.1372
Downside R 0.3521 0.2148 (6.72)
Downside-
: ) 0.0085
gzlnus-upe‘.lde 0.1091 0.1006 (0.44)

Note: The asterisks *,** *** indicate significance at 10%, 5%,
and 1%, respectively. The values in parentheses are t-values.

Table 2 reports cross-sectional regression results
of R? against the dummy variable, D_UpTick, and
other control variables. The dummy variable as-
sumes a value of one for the pre-period and zero
for the post-period. The results indicate that the
overall Rz, the upside R2, and the downside R* are
all positively correlated with trading volume and
firm size. That is, the correlation coefficient be-
tween individual stock returns and the market
returns tends to be higher for stocks with larger
trading volume and larger firm size. Moreover,
the coefficients for the dummy variable,
D_UpTick, are significantly positive for the first
three regressions. For the downside R?, for exam-
ple, the coefficient for the dummy variable,
D_UpTick, is 0.129 with a t-value of 5.49. The
results are consistent with those in Table 1 in that
more private information is incorporated into
stock prices in the post-period where short sales
constraints are lifted.

Table 2. Cross-sectional regressions of R* against the short sales dummy
variable and control variables

The table reports the cross-sectional regression results of R* against trading volume, firm size, and the dummy variable, D_UpTick.
The dependent variable, R is estimated from the market model over the 480 days before and after the event date of May 16, 2005
respectively. TradingVol is the daily trading volume (in 10 million shares) in the pre- and post-period. TURNOVER is the turnover
ratio (in %), estimated by dividing the trading volume by total outstanding shares. FirmSize is the market value of sample firms (in
NT$100 billions). D_UpTick is a dummy variable set to one in the pre-period where the short sales constraints are in effect, and zero

in the post-period.

Downside-
Overall K Upside R Downside K minus-upside
0.248"* 0.058"** 0157 017
Intercept (11.40) (3.51) (7.06) (5.55)

. 0.0 0.017 0.016™ 20.001
TradingVol (3.52) (3.85) (2.61) (-0.28)
FiSie 0.009" 0.008™ 0.01** 0.001

(1.95) (2.42) (2.06) (0.34)
. 0107 0119 0.129" 0.01
D_UpTick (4.66) (6.84) (5.49) (0.54)
N (obs) 66 66 66 66
R 0.443 0578 0.449 0.006
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Table 2 (cont.). Cross-sectional regressions of R” against the short sales dummy
variable and control variables

Downside-
Overall R Upsideli; Downside K minus-upside
Adj. R? 0.416 0.557 0.423 -0.042
F-Statistic 16.432*** 28.278** 16.866"** 0.126

Note: The asterisks *,**,*#** indicate significance at 10%, 5%, and 1%, respectively. The values in parentheses are t-values.

Table 3 reports the results for cross-autocorrelation,
skewness, and extreme value. Panel A indicates that
the cross-autocorrelations between individual stock
returns and lagged market returns are in general
higher in the pre-period than those in the post-
period. This is especially true for the downside as
well as the overall cross-autocorrelations. For ex-
ample, the downside cross-autocorrelation of 0.084
in the pre-period is significantly higher than the
corresponding 0.054 in the post-period. The differ-

ence between the pre- and post-period cross-
autocorrelation is 0.030, which is significantly posi-
tive with a t-value of 1.91. Similarly, the overall
cross-autocorrelation is significantly higher in the
pre-period than that in the post-period. The results
of higher pre-period cross-autocorrelation are
consistent with the delayed price discovery hy-
pothesis in that information is delayed in incorpo-
rating into prices with the presence of short sales
constraints.

Table 3. The cross-autocorrelation, skewness, and frequency of extreme negative returns
in the pre- and post-period

This table reports the cross-autocorrelation, skewness, and frequency of extreme negative returns in the pre- and post-period. The
sample involves 33 constituent stocks of the Taiwan 50 Index fund. The cross-autocorrelation, skewness, and frequency of extreme

negative returns are the average for the 33 sample stocks.

Pre-period Post-period D('tf_f\?;?une%e
Panel A. Cross-autocorrelation, pj= corr(rjs, fm1)
Overall # 0.0086 -0.0328 0.0414 (3.99)***
Upside # -0.0049 -0.0181 0.0132 (0.77)
Downside # 0.0841 0.0543 0.0298 (1.91)*
Downside-minus-upside # 0.0891 0.0725 0.0166 (0.71)
Panel B. Skewness
Raw returns (in %)
Overall 0.1483 0.2220 -0.0737 (-1.16)
Upside 2.0171 2.0202 -0.0031 (-0.09)
Downside -1.8808 -1.8421 -0.0387 (-0.76)
Abnormal returns (in %)
All 0.3700 0.3650 0.0050 (0.06)
Upside 1.9211 2.0328 -0.1117 (-2.44)**
Downside -1.8151 -1.8536 0.0385 (0.91)
Panel C. Extreme negative returns
E:(rRegtlljﬁrrwa/Iean-(Z)*(SD)] 0.0253 0.0263 -0.001 (-0.99)
Extreme value return (in %) -5.4368 -4.3587 -1.0781 (-6.86)***

Note: The asterisks *,**,*** indicate significance at 10%, 5%, and 1%, respectively. The values in parentheses are t-values.

Panel B of Table 3 reports skewness of stock raw
returns and stock abnormal returns in the pre- and
post-period. Contrary to our hypothesis, the results
in general indicate no significant difference in return
skewness between the pre- and post-period. For exam-
ple, the downside skewness of raw returns is
-1.88% in the pre-period, which is close to the corre-
sponding -1.84% in the post-period. Similarly, the
downside skewness of abnormal returns is -1.82% in
the pre-period, which is close to the corresponding
-1.85% in the post-period. Finally, Panel C of Table 3
indicates that there is no significant difference in the
frequency of extreme negative returns between the

pre- and post period. The frequency of returns below
two standard deviations from the mean of returns is
2.53% in the pre-period, which is close to the corre-
sponding 2.63% in the post-period. However, the
expected value of these extreme returns is more
negative in the pre-period than that in the post-
period. The expected value of these extreme returns
is -5.44% in the pre-period, which is more negative
than the corresponding -4.36% in the post-period.
Overall, the results in Table 3 do not support the
notion that short sales constraints are associated
with less negative skewness and less extreme nega-
tive returns.
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4.2. The overvaluation hypothesis. Table 4 reports
abnormal returns following the event of large price
declines. Panel A of Table 4 indicates that there is
no significant difference in the pre- and post-period
abnormal returns. The three-day cumulative abnor-
mal returns, CAR(1,3), of 0.11% in the pre-period is
close to the corresponding 0.07% in the post-period.
The difference of 0.04% is insignificantly different
from zero with a t-value of 0.28. Thus, the result
does not support the overvaluation hypothesis that
predicts overvalued prices in the pre-period.

Table 4. Abnormal returns following price decline
(raw return<0, AR<O0, top 20%)

The table reports the abnormal returns in the event window for
the top 20% sample ranked by negative abnormal returns in the
pre- and post-period, respectively. Abnormal returns are esti-
mated by the market-adjusted model.

Panel A. Cumulative abnormal returns (in %)

. . . . Difference
Event window: (1 ,t) | Pre-period | Post-period (t-stat)
-0.0476 -0.0813 0.0337
CAR(1. 1) (-0.84) (1.62) (0.45)
0.0738 -0.0029 0.0767
CAR(1.2) (0.88) (-0.04) (0.70)
0.1118 0.0749 0.0368
CAR(1,3) (1.09) (0.88) (0.28)
Panel B. Breakdown of abnormal returns (in %) on event
day 1 through 3
AR -0.0476 -0.0813 0.0337
i (-0.84) (-1.62) (0.45)

. -0.1571** | 0.0564* | -0.1007**
Overnight (-5.02) (-2.2) (-2.50)
Trading fime 0.1095* -0.0249 | 0.1344*

9 (2.12) (-0.57) (2.05)

AR 0.1214* 0.0784 0.043
2 (1.96) (1.54) (0.54)

. -0.0583 0.0246 0.0829*

Overnight (-1.43) (0.88) (-1.69)
L 0.1798** |  0.0538 0.1259°*
Trading time (3.56) (1.19) (1.86)
AR 0.0380 0.0778 -0.0399
s (0.66) (1.48) (-0.51)
Overniaht -0.0191 -0.0072 -0.0119

9 (-0.58) (-0.22) (-0.26)

L 0.0570 0.0850 -0.0280
Trading time (1.17) (1.94) (-0.43)

Note: The asterisks *,** *** indicate significance at 10%, 5%,
and 1%, respectively. The values in parentheses are t-values.

Panel B of Table 4 reports the breakdown of abnor-
mal returns into overnight and trading-time abnor-
mal returns. The results indicate that the overnight
abnormal return is more negative in the pre-period
than that in the post-period. In comparison, the sub-
sequent trading-time abnormal return is more posi-
tive in the pre-period than that in the post-period.
For example, the day 1 overnight abnormal return of
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-0.157% in the pre-period is significantly lower than
the corresponding -0.056% in the post-period. In
comparison, the day 1 trading-time abnormal return
of 0.109% is significantly higher in the pre-period
than the corresponding -0.025% in the post-period.
Thus, the results suggest that investors tend to over-
react in the overnight period in the pre-period com-
pared to the post-period. The overnight overreaction
in the pre-period is followed by a price reversal in
the subsequent trading-time period. Thus, although
the cumulative abnormal returns indicate no signifi-
cant difference between the pre- and the post-period,
the breakdown of daily abnormal returns indicates
an overreaction in the overnight period, followed by
a subsequent trading-time price reversal in the pre-
period compared to the post-period.

Table 5 reports the cross-sectional regression of
day 1 abnormal returns against trading activity,
firm size, market return, and the dummy variable,
D_UpTick. Consistent with the results in Table 4,
the results indicate that there is no significant
difference in the pre- and post-period day 1 ab-
normal returns. In regression (5) where the de-
pendent variable is day 1 abnormal return (AR;),
for example, the coefficient of 0.035% for the
dummy variable, D_UpTick, is insignificantly
different from zero with a t-value of only 0.46.
However, the results indicate that the overnight
abnormal return is significantly lower in the pre-
period than that in the post-period, and the trad-
ing-time abnormal return is significantly higher in
the pre-period than that in the post-period. In re-
gression (1) where the dependent variable is the
day 1 overnight abnormal return (AR, ), the
coefficient of -0.093% for the dummy variable,
D_UpTick, is significantly negative with a t-value
of -2.29. In contrast, in regression (3) where the
dependent variable is the day 1 trading-time ab-
normal return (AR, ,.), the coefficient of 0.128%
for the dummy variable, D_UpTick, is signifi-
cantly positive with a t-value of 1.95.

Table 5 also examines the impact of dispersion of
investor opinion on abnormal returns. The proxy
variables for dispersion of investor opinions are
Range(raw)t-1 and Range(AR)e1. Range(raw)e1 is
the daily return range, measured as the difference
between the high and low prices on t-1, then divided
by the closing price on day t-2. Range(AR)e1 is the
difference between Range(raw):-1 and the corre-
sponding market return range on day t-1. D_UpTick
is a dummy variable set to one in the pre-period
where the short sales constraints are in effect, and 0
in the post-period.
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Table 5. Cross-sectional regressions of day 1 abnormal returns (in %) against the short sales dummy vari-
able and control variables

The table reports the cross-sectional regression results of day 1 abnormal returns against dispersion of opinion, firm size, and the
dummy variable D_UpTick. The dependent variables are the abnormal returns estimated from the market-adjusted model over 480
days before and after the event date of May 16, 2005, respectively. Range(raw), ; and Range(AR),.; are the proxies for dispersion of
investor opinions. Range(raw), | is the daily return range, measured as the price range between high and low prices on day t-1, then
divided by the closing price on day t-2. Range(AR), is the difference between Range(raw), | and the corresponding market return
range on day t-1. TradingVol is the daily trading volume (in 10 million shares) in the pre- and post-period. FirmSize is the market
value of sample firms (in NT$100 billions). D_UpTick is a dummy variable set to one in the pre-period where the short sales con-

straints are in effect, and zero in the post-period.

Overnight AR Trading time AR; Overall AR;
Regression (1) (2) (3) (4) (5) (6)
Intercept -0.119** -0.025 -0.049 -0.034 -0.169* 0.059
(-2.33) (-0.64) (-0.60) (-0.54) (-1.77) (-0.812)
Range(raw) 4111 -0.131 -3.98*
9 1 (-3.09) (-0.06) (-1.82)
-2.456** -2.998 -5.454**
Range(AR). (-2.22) (1.27) (-2.00)
FirmSize -0.021** -0.023** 0.005 0.004 -0.016 -0.019
(-2.23) (-2.31) (0.34) (0.23) (-0.90) (-1.04)
R -0.003 -0.001 -1.130*** -0.131*** -0.130*** -0.132***
mt (-0.02) (-0.05) (-4.318) (-4.34) (-3.77) (-3.80)
R 0.011 0.012 0.122*** 0.122*** 0.133*** 0.134***
it (0.68) (0.68) (4.41) (4.41) (4.19) (4.20)
D_UpTick -0.121*** -0.166** 0.134** 0.143** 0.012 0.027
- (-2.99) (-2.811) (2.035) (2.14) (0.165) (0.35)
N (obs) 2279 2279 2279 2279 2279 2279
R2 0.01 0.007 0.018 0.018 0.015 0.014
Adj. R2 0.008 0.004 0.015 0.016 0.013 0.012
F-Statistic 4.612** 2.989** 8.129*** 8.22*** 7.033*** 6.512***

Note: The asterisks *,**,*** indicate significance at 10%, 5%, and 1%, respectively. The values in parentheses are t-values.

To examine the impact of dispersion of investor
opinion on overvaluation, we use the range of raw
returns as well as the range of abnormal returns as
the proxy for dispersion of investor opinion. If the
overvaluation hypothesis is valid, stock prices
would tend to be overvalued under the short-sales
constraint than otherwise. However, divergence of
opinion can be measured in different ways. For ex-
ample, forecast dispersion in financial analysts’
earnings forecasts is a common way to proxy for
divergence of opinion. Since our research exam-
ines the impact on price overvaluation, we follow
Chang et al. (2007), Harris and Raviv (1993) and
Shalen (1993), among others, by using dispersion
of investor opinion as a proxy for divergence of
opinion.

Columns (1), (2) and (5), (6) in Table 5 indicate that
the coefficients for the variables Range(raw):-1 and
Range(AR)e-1 are all significantly negative (-4.111,
-2.456 and -3.98, -5.454). The results are consistent
with the notion that the impact of short-sales constraint
on overvaluation appears to be larger when investors
disagree regarding the true value of securities. With
the lift of the short-sales constraints, stock prices revert
to their intrinsic value especially for securities with
more divergent views among investors.

4.3. Sensitivity analysis. The results reported above
are based on the top 20% of observations ranked by
negative abnormal returns. To examine the robust-
ness of the empirical results, results based on the top

10% and 30% of observations are estimated respec-
tively. Table 6 reports results for the top 10% and
the top 30% samples ranked by negative abnormal
returns. The results resemble those in Table 4 in that
there is no significant difference in the day 1 pre-
and post-period abnormal returns. For the top 10%
negative abnormal returns, the day 1 abnormal re-
turn in the pre-period is insignificantly different
from that in the post-period. However, the overnight
abnormal return is significantly lower in the pre-
period than that in the post-period, while the subse-
quent trading-time abnormal return is significantly
higher in the pre-period than that in the post-period.
The overnight abnormal return is -0.098% lower (with
a t-value of -1.69) in the pre-period than that in the
post-period. In contrast, the subsequent trading-time
abnormal return is 0.22% (with a t-value of 2.23)
higher in the pre-period than that in the post-period.

Table 6. Day 1 abnormal returns for the top 10%
and the 30% sample ranked by negative
abnormal returns

The table reports the day 1 abnormal returns for the top 10%
and the top 30% sample ranked by negative abnormal returns in
the pre- and post-period. Abnormal returns are estimated by the
market-adjusted model.

. . Difference
Pre-period Post-period (t-value)
Panel A. Top 10% of abnormal returns
AR 0.0026 -0.1196 0.1223
! (0.03) (-1.57) (1.09)
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Table 6 (cont.). Day 1 abnormal returns for the top
10% and the 30% sample ranked by negative
abnormal returns

) . Difference
Pre-period Post-period (t-value)
. -0.1924* | -0.0946** -0.0978"
Overnight (-4.61) (-2.36) (-1.69)
I 0.1950* -0.0251 0.2201**
Trading time (2.56) (-0.39) (2.23)
Panel B. Top 30% of abnormal returns
AR -0.0306 -0.0395 0.0089
i (-0.66) (-0.98) (0.15)

. -0.1583" | -0.0475" | -0.1108***
Overnight (-5.88) (-2.17) (-3.21)
Trading time 0.1278** 0.0081 0.1197**

9 (3.29) (0.23) (2.32)

Note: The asterisks *,** *** indicate significance at 10%, 5%,
and 1%, respectively. The values in parentheses are t-values.

The empirical results reported above are based on
the sample period of 480 trading days in both the
pre- and the post-period. While not reported here for
brevity, results based on 240 trading days in both
the pre- and the post-period are also examined. The
results are qualitatively the same as those based on
the sample period of 480 days in both the pre- and
post-period. The results from the shorter sample
period indicate significant higher R* and signifi-
cantly higher cross-autocorrelation in the pre-period
as compared to those in the post-period. Moreover,
the results from the shorter sample period indicate
no significant difference in the 3-day cumulative ab-
normal returns following the large price decline be-
tween the pre- and the post-period. Finally, the day 1
overnight abnormal return is significantly lower in the
pre-period than that in the post-period, while the day 1
trading-time abnormal return is significantly lower in
the pre-period than that in the post-period.

Finally, we examine the price behavior for sample
following large price gains. Since short sales con-
straints should not affect the price behavior for ob-
servations with price gains, we would expect no
significant difference between the pre- and the post-
period. To verify this, we examine the price behav-
ior for observations with the top 20% positive ab-
normal returns. Table 7 indicates that there is no
significant difference between the pre- and the post-
period in day 1 abnormal returns, as well as in the
overnight and the trading-time abnormal returns.
Panel A of Table 7 indicates that the three-day cu-
mulative abnormal return of -0.23%, in the pre-
period is insignificantly different from the -0.25% in
the post-period. Similarly, Panel B of Table 7 indi-
cates that the day 1 overnight abnormal return of
0.012% in the pre-period is insignificantly different
from the 0.04% in the post-period. And the day 1
trading-time abnormal return of -0.107% in the pre-
period is insignificantly different from the -0.146%
in the post-period.
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Table 7. Abnormal returns following price gains
(raw return>0, AR>0, top 20%)

The table reports the abnormal returns in the event window for
the top 20% sample ranked by positive abnormal returns in the
pre- and post-period respectively. Abnormal returns are
estimated by the market-adjusted model.

Panel A. Cumulative abnormal returns (in %)
. . . ) Difference
Event window: (1,t) | Pre-period | Post-period (t-value)
00953 | -0.1060 0.0106
CAR(1, 1) (1.72) (-1.93) (0.14)
0.2400"* | 01763 | -0.0637
CAR(1, 2) (-3.12) (-2.30) (-0.59)
02378 | 0.2531** | 0.0153
CAR(1, 3) (-2.58) (-2.83) (0.12)
Panel B. Abnormal returns (in %)
AR 0.0953 | -0.1060 0.0106
‘ (1.72) (-1.94) (0.14)
. 0.0120 0.0402 -0.0282
Overnight (0.38) (1.30) (-0.64)
. 0.1073™ | -0.1462* | 0.0389
Trading time (-2.35) (-3.18) (0.59)
AR 01447 | 00704 | -0.0743
2 (-2.73) (1.31) (-0.098)
overniaht 20.0735% | -0.0164 | -0.0571
9 (-2.49) (-0.50) (-1.30)
. 00712 | 00540 | -0.0172
Trading time (-1.58) (-1.22) (-0.27)
AR 0.0022 0.0767 0.0789
3 (0.04) (-1.48) (1.09)
. 20.0480 | 0.0038 -0.0518
Overnight (-2.00) (0.13) (-1.39)
o 00502 | -0.0805 0.0303
Trading time (-1.10) (-1.84) (0.51)

Note: The asterisks *,***** indicate significance at 10%, 5%,
and 1%, respectively. The values in parentheses are t-values.

Conclusion

This paper examines the impact of short sales con-
straints on stock price behavior using data from the
Taiwan Stock Exchange. The data involves 33 con-
stituent stocks of the Taiwan 50 index fund over the
480 days in both the pre- and post-period surround-
ing the lift of the uptick rule effectively on May 16,
2005. The results indicate that the R? estimated from
the market model is significantly higher in the pre-
period than that in the post-period. Similarly, the
cross-autocorrelation between the individual stock
returns and the lagged market returns is significantly
higher in the pre-period than that in the post-period.
The results are consistent with the delayed price
discovery hypothesis in that short sales constraints
delay the incorporation of information into securi-
ties prices.

Moreover, there is no significant difference in the 3-
day cumulative abnormal returns between the pre- and
the post-period following large price declines. The
results do not support the overvaluation hypothesis
which predicts a significant overvaluation in the
pre-period when the uptick rule is imposed. How-
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ever, the empirical results indicate a significantly that in the post-period. The results are consistent
negative overnight abnormal return following the with the hypothesis that investors overreact to bad
large price decline in the pre-period than that in the news in the presence of short sales constraints, fol-
post-period, followed by a significantly positive lowed by a price reversal in the subsequent trading-
trading-time abnormal return in the pre-period than time period.
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