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Abstract
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on the part of market participants in the US and Hong Kong and partial evidence of
herding in Japan. However, for South Korea and Taiwan, the two emerging markets in
our sample, we document significant evidence of herding. The results are robust across
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rather than firm-specific information tends to have a more significant impact on investor
behavior in markets which exhibit herding. In all five markets, the rate of increase in
security return dispersion as a function of the aggregate market return is higher in up
market, relative to down market days. This is consistent with the directional asymmetry
documented by McQueen et al. (1996) (McQueen, G., Pinegar, M.A., Thorley, S., 1996.
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1. Introduction

Academic researchers have devoted considerable effort in understanding the
investment behavior of market participants and its ensuing impact on security
prices. The investment behavior of market participants has been linked to
factors such as investor’s investment horizons, the benchmarks used to measure
performance, the behavior of other market participants, the degree of under-
lying market volatility, and the presence of fads and speculative trading activity
in the financial markets.

In this paper, we investigate the investment behavior of market participants
within different international markets, specifically with regard to their tendency
to mimic the actions of others, i.e., engage in herd behavior. Herding can be
construed as being either a rational or irrational form of investor behavior.
According to Devenow and Welch (1996), the irrational view focuses on in-
vestor psychology where investors disregard their prior beliefs and follow other
investors blindly. The rational view, on the other hand, focuses on the princi-
pal-agent problem in which managers mimic the actions of others, completely
ignoring their own private information to maintain their reputational capital in
the market (Scharfstein and Stein, 1990; Rajan, 1994). ! Bikhchandani et al.
(1992) and Welch (1992) refer to this behavior as an informational cascade.

In a recent empirical study, Christie and Huang (1995) examine the in-
vestment behavior of market participants in the US equity market. By utilizing
the cross-sectional standard deviation of returns (CSSD) as a measure of the
average proximity of individual asset returns to the realized market average,
they develop a test of herd behavior. In particular, they examine the behavior
of CSSD under various market conditions. They argue that if market partic-
ipants suppress their own predictions about asset prices during periods of large
market movements and base their investment decisions solely on aggregate
market behavior, individual asset returns will not diverge substantially from
the overall market return, hence resulting in a smaller than normal CSSD.

In this paper, we extend the work of Christie and Huang (1995) along three
dimensions. First, we propose a new and more powerful approach to detect
herding based on equity return behavior. Using a non-linear regression spec-
ification, we examine the relation between the level of equity return dispersions
(as measured by the cross-sectional absolute deviation of returns, i.e., CSAD),
and the overall market return. In the presence of severe (moderate) herding, we

" Herd behavior can become increasingly important when the market is dominated by large
institutional investors. Since institutional investors are evaluated with respect to the performance of
a peer group, they have to be cautious about basing their decisions on their own priors and ignoring
the decisions of other managers. In fact, Shiller and Pound (1989) document that institutional
investors place significant weight on the advice of other professionals with regard to their buy and
sell decisions for more volatile stock investments.
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expect that return dispersions will decrease (or increase at a decreasing rate)
with an increase in the market return. Second, we examine the presence of
herding across both developed and developing financial markets including the
US, Hong Kong, Japan, South Korea, and Taiwan. Examining herding is in-
teresting in an international context since differences in factors such as the
relative importance of institutional versus individual investors, the quality and
level of information disclosure, the level of sophistication of derivatives mar-
kets, etc., can affect investor behavior in these markets. Third, we test for shifts
in herd behavior subsequent to the liberalization of Asian financial markets.

Our empirical tests indicate that during periods of extreme price movements,
equity return dispersions for the US and Hong Kong continue to increase
linearly, hence providing evidence against the presence of herd behavior. The
results for the US are consistent with those documented by Christie and Huang
(1995). However, for South Korea and Taiwan, the two emerging markets in
our sample, we find a significant non-linear relation between equity return
dispersions and the underlying market price movement, i.e., the equity return
dispersions either increase at a decreasing rate or decrease with an increase in
the absolute value of the market return. Interestingly, in all five markets, the
rate of increase in return dispersion (as measured by CSAD) as a function of
the aggregate market return, is higher when the market is advancing than when
it is declining. This is consistent with the directional asymmetry documented by
McQueen et al. (1996) where all stocks tend to react quickly to negative
macroeconomic news, but small stocks tend to exhibit delayed reaction to
positive macroeconomic news.

We also document that in South Korea and Taiwan, where the evidence in
favor of herding is most pronounced, systematic risk accounts for a relatively
large portion of overall security risk. This evidence is consistent with the view
that the relative scarcity of rapid and accurate firm-specific information in
emerging financial markets may cause investors to focus more on macroeco-
nomic information. However, to the extent that investors react to any useful
information, whether it is firm specific or market related, such type of behavior
can be viewed as being rational.

Furthermore, results of the size, i.e., market capitalization based portfolio
tests, indicate that our herding results are not driven by either large or small
capitalization stocks. In addition, the results for both South Korea and Taiwan
remain relatively robust in various sub-period tests designed to capture shifts in
investment behavior associated with the liberalization of these economies. We
also conduct tests to examine whether the presence of daily price limits im-
posed on stocks in South Korea and Taiwan, are impacting our findings. Our
additional tests do not alter the overall evidence in favor of herding in the
equity markets of South Korea and Taiwan.

An important implication of investing in a financial market where market
participants tend to herd around the aggregate market consensus, is that a
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larger number of securities are needed to achieve the same level of diversifi-
cation than in an otherwise normal market.

The remainder of the paper is organized as follows. In Section 2, we provide
methodological details and a description of the data. In Section 3, we provide a
discussion of the empirical results and in Section 4 we provide concluding
remarks and discuss implications of our findings.

2. Methodology and data description
2.1. Methodology

In this section, we develop an empirical methodology to detect the presence
of herd behavior in international equity markets. Specifically, we propose an
alternative, less stringent approach to the one suggested by Christie and Huang
(1995) (henceforth referred as CH). While the two methods are similar in spirit,
they do not always reach the same conclusion. We discuss the rationale behind
the formulation of our approach and compare and contrast the two methods.

CH suggest the use of cross-sectional standard deviation of returns (CSSD)
to detect herd behavior in a market setting. The CSSD measure is defined as

_ 2 R~ Ru)’
CSSD, = \/ e (1)

where R;, is the observed stock return on firm 7 at time ¢ and R,,, is the cross-
sectional average of the N returns in the aggregate market portfolio at time ¢.
This dispersion measure quantifies the average proximity of individual returns
to the realized average. > CH argue that rational asset pricing models predict
that the dispersion will increase with the absolute value of the market return
since individual assets differ in their sensitivity to the market return. On the
other hand, in the presence of herd behavior (where individuals suppress their
own beliefs and base their investment decisions solely on the collective actions
of the market), security returns will not deviate too far from the overall market
return. This behavior will lead to an increase in dispersion at a decreasing rate,
and if the herding is severe, it may lead to a decrease in dispersion. Therefore,

2 Other academic studies have also used variants of the return dispersion measure. For example,
Bessembinder et al. (1996) use the absolute deviation of individual firm returns from the market-
model expected returns as a proxy for firm-specific information flows. Connolly and Stivers (1998)
use the stock market’s cross-sectional dispersion to measure the uncertainty with regard to the
underlying market fundamentals. Stivers (1998) also employs the cross-sectional return dispersion
as a measure of the uncertainty faced by imperfectly informed traders in attempting to infer
common factor innovations from news and prices.
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herd behavior and rational asset pricing models offer conflicting predictions
with regard to the behavior of security return dispersions.

CH suggest that individuals are most likely to suppress their own beliefs in
favor of the market consensus during periods of extreme market movements.
Hence, CH empirically examine whether equity return dispersions are signifi-
cantly lower than average during periods of extreme market movements. They
estimate the following empirical specification:

CSSD, = o+ B*D- + VDY + &, 2)

DF = 1, if the market return on day ¢ lies in the extreme lower tail of the dis-

tribution; and equal to zero otherwise, and

DY = 1, if the market return on day ¢ lies in the extreme upper tail of the dis-

tribution; and equal to zero otherwise.

The dummy variables are designed to capture differences in investor be-
havior in extreme up or down versus relatively normal markets. The presence
of negative and statistically significant & and BY coefficients would be indi-
cative of herd behavior. CH use one or five percent of the observations in the
upper and lower tail of the market return distribution to define extreme price
movement days.

In this paper, using the cross-sectional absolute deviation of returns (CSAD)
as the measure of dispersion, we demonstrate that rational asset pricing models
predict not only that equity return dispersions are an increasing function of the
market return but also that the relation is /inear. If market participants tend to
follow aggregate market behavior and ignore their own priors during periods
of large average price movements, then the linear and increasing relation be-
tween dispersion and market return will no longer hold. Instead, the relation
can become non-linearly increasing or even decreasing. Our empirical model
builds on this intuition.

As a starting point in the analysis, we illustrate the relation between CSAD
and the market return. Let R; denote the return on any asset i, R, be the return
on the market portfolio, and E,(-) denote the expectation in period z. A con-
ditional version of the Black (1972) CAPM can be expressed as follows:

Ei(Ri) =70 + BE(Rn — ), (3)

where y, is the return on the zero-beta portfolio, f; is the time-invariant sys-
tematic risk measure of the security, i =1,...,Nand¢t=1,...,7T. Also, let 3,
be the systematic risk of an equally-weighted market portfolio. Hence,

1 N
B :N;m

The absolute value of the deviation (AVD) of security i’s expected return in
period ¢ from the ¢th period portfolio expected return can be expressed as
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AVDi,t = |ﬁz - ﬁm|El(Rm - VO)- (4)

Hence, we can define the expected cross-sectional absolute deviation of stock
returns (ECSAD) in period ¢ as follows:

1 & 1 &
ECSAD, = N;AVDU = N;m[ — BulE:(Ry = 70). (5)

The increasing and linear relation between dispersion and the time-varying
market expected returns can be easily shown as follows:

0ECSAD
SEE) =N Z\ﬁ Bl >0, (©)
t
2
0 ECSAIz)[ _o. )
OE,(R,)

Based on the above results we propose an alternate test of herding which re-
quires an additional regression parameter to capture any possible non-linear
relation between security return dispersions and the market return. In fact, our
empirical test is similar in spirit to the market timing model proposed by
Treynor and Mazuy (1966).

We use the CSAD; and R,,; to proxy for the unobservable ECSAD, and
E,/(R,,,). If market participants are more likely to herd during periods of large
price movements, there would be a less than proportional increase (or even
decrease) in the CSAD measure. Note that we are using the conditional version
of the CAPM merely to establish the presence of a linear relation between
ECSAD; and E;(R, ). We use ex post data to test for the presence of herd
behavior in our sample via the average relationship between realized CSAD,
and R, ,. CSAD is not a measure of herding, instead the relationship between
CSAD; and R, is used to detect herd behavior.

To allow for the possibility that the degree of herding may be asymmetric in
the up-versus the down-market, we run the following empirical specification:

CSADY” = o+ yUP[RVP| 4 VP (RUP) 4 ¢, (8)

CSAD?OWN o+ ,VDOWN

RB?WN‘ - yDOWN RB?WN) te, )
where CSAD,; is the average AVD, of each stock relative to the return of the
equally-weighted market portfolio, R,,, in period ¢, and |R}Y|(|RDOWN]) is the
absolute value of an equally-weighted realized return of all available securities
on day 7 when the market is up (down). Both variables are computed on a daily
basis. Note that to facilitate a comparison of the coefficients of the linear term,

absolute values are used in Egs. (8) and (9). If during periods of relatively large
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price swings, market participants do indeed herd around indicators such as the
average consensus of all market constituents, a non-linear relation between
CSAD; and the average market return would result. The non-linearity would
be captured by a negative and statistically significant y, coefficient. *

For a comparison of the two methods, in Fig. 1, we plot the CSAD measure
for each day and the corresponding equally-weighted market return for Hong
Kong using stock return data over the period from January 1981 to December
1995. The CSAD-market return relation does indeed appear to be linearly
positive. Focusing on the right hand side area where realized average daily
returns were all positive, the estimated coefficients and the corresponding
t-statistics for our model are:

CSAD, = 0.0143 +0.3562 RV® — 0.0515(R}n“:)2 + &.
(408~ ™ (o) ™
The results indicate the presence of a positive and statistically significant linear
term. However, since the non-linear term is not significantly negative, CSAD,
has not increased at a decreasing rate or decreased as the average price
movement increases. Hence, the prediction of rational asset pricing models (as
suggested by the above analysis) has not been violated.

The same conclusion can also be reached using the methodology suggested
by CH. Using the one percent criterion, the estimated coefficients for their
model are:

CSAD, = 0.0171 + 0.0254 D +0.0239 DY +¢,.
(5.06)* (5.73)*

Both estimates of the dummy variable coefficients are positive and statistically
significant. Thus the CH method also provides no evidence of herd behavior in
Hong Kong.

However, the two methods may provide conflicting results with regard to
the presence of herd behavior. For illustration purposes, for all positive R,
values, let us consider a general quadratic relationship between CSAD, and
R, of the following form:

CSAD =o+ V]Rm[ + I)ZRmt7 (10)

where the presence of a negative 7, parameter is an indication of herd behavior
in our model. The quadratic relation suggests that CSAD, reaches its maxi-
mum value when R;, , = —(y,/2y,). That is, as R, increases, over the range
where realized average da1ly returns are less (greater) than R; , CSAD; is
trending up (down). Unless some, if not all, of the R,,, values during periods of

3 An alternative explanation to the herding argument, could be the presence of a non-linear
market model.
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Fig. 1. Relationship between the daily cross-sectional absolute deviation (CSAD,) and the corre-
sponding equally-weighted market return (R,,,) for Hong Kong (January 1981-December 1995).

market stress fall in the region where CSAD,; is trending down, BV in the CH
model will never be negative. For example, using a 3% average market return
as a threshold of market stress, with y, = 0.3562, the estimated value of the y,
parameter needs to be —5.937 or smaller before there is a possibility that the gV
parameter would be negative. Thus, the CH approach requires a far greater
magnitude of non-linearity in the return dispersion and mean return rela-
tionship for evidence of herding than suggested by rational asset pricing
models.

2.2. Data

We obtain daily stock price data for the entire population of US firms and
the equally-weighted market index along with year-end market capitalizations
for each firm from the Center for Research in Securities Prices (CRSP) at the
University of Chicago. Daily stock price data for all NYSE and AMEX firms is
used over the January 1963-December 1997 period. The daily price and returns
series along with the year-end market capitalization for each firm and the
equally-weighted index return for Hong Kong (January 1981-December 1995),
Japan (January 1976-December 1995), South Korea (January 1978-December
1995), and Taiwan (January 1976-December 1995) is obtained from the
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Pacific-Basin Capital Markets Research Center (PACAP) tapes of the Uni-
versity of Rhode Island.

3. Empirical results
3.1. Descriptive statistics

In Table 1, we report univariate statistics for daily mean returns and the
CSAD of returns for the US, Hong Kong, Japan, South Korea and Taiwan.
The data availability periods range from 180 months (January 1981-December
1995) for Hong Kong to 420 months (January 1963-December 1997) for the
US. The average daily return ranges from a low of 0.0751% for the US to a
high of 0.1577% for South Korea. In general, Asian equity market returns are
characterized by higher magnitudes of volatility with standard deviations
ranging from 0.8002% (Japan) to 1.7109% (Hong Kong), relative to 0.7402%
for the US. Daily returns for all four Asian countries have a first order
autocorrelation coefficient less than the US (0.34).

We also report the maximum and minimum values of the average daily
return and CSAD measure along with the corresponding event dates. For
instance, as expected, the largest price decline of 14.19% for the US over the
1963-1997 period occurred on Black Monday, 19 October 1987. The very
next day, Japan experienced its largest decline of 13.65% and a week later,
the Hong Kong financial markets had their largest one day price decline of
33.11%. Hong Kong closed its stock market for four business days following
the US crash of October 1987. However, the market was still not immunized
from the contagion effect. In fact, the policy intervention seemed to have
exacerbated the effect. For South Korea and Taiwan, the largest price decline
of 6.79% and 6.68% occurred on 27 October 1979 and 15 January 1991,
respectively.

In Table 1, we also report univariate statistics on the CSAD measure. By
definition, when all returns move in perfect unison with the market, CSADs are
bounded from below by zero. As individual returns begin to deviate from the
market return, the level of CSAD increases. The average daily CSAD for our
sample ranges from a low of 1.2615% (Taiwan) to a high of 1.8066% (US). A
comparison of the maximum and minimum values of the daily CSAD shows
that Hong Kong exhibits the highest (11.43%) value. On the other hand,
Taiwan has the lowest maximum value (4.76%) among the five equity markets.
All five of the time-series of CSAD appear to be highly autocorrelated. The
first order autocorrelation of CSAD ranges from a low of 0.52 for Taiwan to a
high of 0.86 for the US. Hence, all standard errors of the estimated regression
coefficients in subsequent tests are adjusted for heteroscedasticity and auto-
correlation, based on the approach suggested by Newey and West (1987).



E.C. Chang et al. | Journal of Banking & Finance 24 (2000) 1651-1679

1660

JOAS] %] A 1B JUBOYIUSIS SI JUSIOYA0d YL,
"potred opdures a1y jo 1red xeyyef oy ur ueder ur sAepInjeg uo SUIpeI) JO UONBUIWID dY) 0} anp ST uemIe ], pue uedef 10§ ozIs o[dures Ul RUIYIP Y o
'189) I[N J—AOI(T Y JO SONSNLIS-189) Yim Juofe (g pue ‘g ‘¢ ‘¢ ‘1 sSe[ 10J
paj1odal st/ ySD PUB Y JO UONB[AIIOD [BLIdS 3] ‘UONIPPE U] “d[dwes Ino ur salrunod Ay 9y} 10j porrad ojdwres oy} 1040 (QVySD) SUINIAI JO UOTIBIA
-Op 9)N[0SQB [BUONIAS-SSOIO 2} Pue (‘) SUINIAI JO SAN[BA WNWIUIW PUB WNWIXEW ) PUB ‘UONBIASD pIepue)s ‘uesw A[rep ay) syrodar ojqe) iy,

(1LLs)
«16°97—  8¢°0 050 €50 IS0 Ts0  (06/8T/80) €1°0 (06/9T/S0) 9Lt 959t°0 SI9T'1 S6/6¢/C1 'avso
«8L°8y— 000 100 o v00 910 (16/ST/10) 89°9— (16/L1/10) 9L'9 §989°1 9¢80°0 —9L/S0/10 k'S
QU

(1L29)
«C0' 1= €€°0 0 650 €90 690  (68/1/Tl) 6770 (18/50/10) 6579 86CS°0 6v6S°1 S6/LT/T1 'avso
«S9'Ly— 000 c0°0 00 000 €20  (6L/LT/ON) 6L9~ (z8/82/90) LO'8 810C°1 LLSTO —8L/¥0/10 k'S
D210y YINog

(@1vs)
w81 1T—  LE0 960 650 990 8.0  (¥6/S1/30) 88°0 (06/20/01) 1L'S LTCE0 S19¢°1 $6/6¢/C1 ‘avso
«ECLy—  €00- €00 S00 TO0 LTO  (L8/0T/OT) S9€T-  (L8/1T/01) TH'S 20080 9980°0 —9L/S0/10 k'S
quvdop

(80L€)
wL1'81= 60 (40 LSO €90 €L0  (TS/IT/LO) ¥L'O (L8/LT/oN) €F'11 $£09°0 CSEL'T S6/6T/C1 'avso
«CS'LE= 1070 100 Tro 800 910 (L8/9T/0D) 11€€—  (68/€T/S0) T601 601L°1 99¢1°0 —18/20/10 'l
Suoy 3uopy

(€188)
«L60C— LSO 0L°0 L0 8L0 980  (S6/4T/IT) SI'T (28/02/01) 8L 816¢€°0 99081 L6/1e/Cl 'avso
«79°6S— €00 60°0 800 600  ¥E0  (L8/61/01) 61'F1—  (L8/1T/01) €8°6 [40 70) 16L0°0 —£9/20/10 o
sn

(suoneAarasqo

Jo 1equnu)
191-4d 0T S € 4 I (a1eQ) (areq) pouad  so[qeLIRA
Se[ JB UONB[ALI0D [BLIS (%) wnwrary (o) wnwixey - (%) 'd'S (%) UBOA oidweg  /duyuno)

JUBMIR] PUR B2IOY InoS ‘uede[ ‘Fuody] Suoy ‘SN oy 10y ((QVSD) SUONBIAIP AIN[OSqE [BUOIIIS-SSOIO PUR (Y3f) SUINIAI JO SONSNB)S Arewuming

[ 9IqeL



E.C. Chang et al. | Journal of Banking & Finance 24 (2000) 1651-1679 1661

Furthermore, the unit root (Dickey—Fuller) tests indicate that the CSAD series
exhibits stationarity for all countries.

3.2. Dummy variable regression results

We begin our investigation of the presence of herd behavior in the five
equity markets by employing dummy variable regression tests that are similar to
CH. The primary modification is that instead of the CSSD we use the CSAD as
our measure of dispersion. * The coefficients on the dummy variables capture
differences in the CSADs and shed light on the extent of herd behavior across
trading days with extreme upward or downward price movements. Eq. (2) is
estimated using the 1%, 2%, and 5% of the price movement days as our defi-
nition of extreme price movement. > In Table 2, we report the parameter es-
timates along with heteroscedasticity consistent z-statistics.

Our findings for the US are consistent with CH. The positive and statisti-
cally significant g~ and BY coefficients across all three models indicate that
equity return dispersions actually tend to increase rather than decrease during
market environments characterized by extreme price movements. This is in-
consistent with their operational definition of herding which requires a de-
crease in dispersion levels. The evidence for Hong Kong and Japan is similar to
the US. Given the similarity in terms of the level of economic development in
these countries and the degree of integration among their financial markets,
these results are not surprising. In fact, as evidence of capital market inte-
gration, Campbell and Hamao (1992) find a comovement in expected excess
returns across the US and Japan.

On the other hand, Taiwan exhibits substantially different results. The pY
coefficient which captures the change in investor behavior associated with ex-
treme upward price movements, is significantly negative in two of the three
models. The negative coefficient is indicative of a decrease in the CSAD
measure during days corresponding with extreme upward price movements,
hence providing evidence in favor of herd behavior. Moreover, the - coeffi-
cient is also significantly negative for Taiwan in the model that uses the 1% cut
off criterion. The results for South Korea are largely similar to the developed
countries in our sample. The BY coefficient is significantly positive in all three

4 Christie and Huang (1995) also employed the CSAD as a substitute for the CSSD in a
robustness test. Similar to their earlier results, they document that the regression coefficients are
positive and statistically different from zero for the U.S. equity market.

5In up (down) markets, to satisfy the 1% criterion, the daily realized return of the equally-
weighted market portfolio has to exceed (be less than) 2.55% (—2.55%) for the US, 5.97% (—5.96%)
for Hong Kong, 3.25% (—3.25%) for Japan, 4.05% (—4.09%) for South Korea and 5.92% (—5.96%)
for Taiwan.
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models, whereas the f" coefficient is significantly positive in one of the three
model specifications.

In the next section, we reexamine the equity return dispersion and market
return relationships for the countries in our sample using our newly developed
approach.

3.3. Examining the non-linearity in the CSAD-market return relationship

Table 3 provides results of the empirical specification in Egs. (8) and (9)
estimated separately for subsamples of up (Model A) and down (Model B)
market price movement days for each of the five markets. We use the absolute
value of R, to facilitate a comparison of the coefficients of the linear term in
the up and down market for each country. The F| and F, statistics are also
reported for each market to test the null hypothesis that yI'? = yPOWN and
PJP = yDOWN respectively.

The average level of equity return dispersions (as measured by the regression
o’s) in a stagnant market where R, is equal to zero, range from a high of
1.56% for the US to a low of 1.06% for Taiwan. Furthermore, we find that all
coefficients on the linear term of |R,,,| are significantly positive. These results
strongly confirm the prediction that CSAD, increases with |R,,|. In the up
market, the rate of increase is highest for the US (0.5611) and lowest for
Taiwan (0.3047). Furthermore, in all five markets, the rate of increase in the up
market is higher than that of the down market. However, the null hypothesis of
PVP = 9POWN is only rejected for the three developed markets. This suggests
that the dispersions in security returns are on average wider in an up, relative to
a down market day. This finding appears to be consistent with the directional
asymmetry documented by McQueen et al. (1996). Their evidence indicates
that in the US, all stocks, large and small, react quickly to negative macro-
economic news, but some small stocks adjust to positive news about the
economy with a delay. The asymmetric reaction to good and bad macroeco-
nomic news is consistent with a wider than average CSAD in up versus down
markets.

The statistically insignificant yy* estimates in model A for the US, Hong
Kong and Japan support the predictions of the rational capital asset pricing
model. That is, CSAD; in general increases linearly with the average market
realized return of the day. This evidence is consistent with the significantly
positive BY coefficients estimated from the dummy variable regressions in
Table 2. The parameter estimate of yPOWN for the US and Hong Kong is also
insignificant, hence, providing no evidence of any non-linearity in the CSAD-
mean return relationship.

We now turn our attention to the two emerging financial markets in our
sample. The parameter estimates of the non-linear term for South Korea and
Taiwan indicate dramatically different results. For both countries, the y5* and
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yPOWN coefficients are negative and statistically significant. Thus, the linear

relation between CSAD, and |R,,,| clearly does not hold in both up and down
markets. This suggests that as the average market return becomes large in
absolute terms, the cross-sectional return dispersion increases at a decreasing
rate. Indeed, the coefficients indicate that beyond a certain threshold, the
CSAD;, may decline as |R,,,| becomes large. For example, substituting the es-
timated coefficients for Taiwan (y; = 0.3047 and y, = —5.5951) into the qua-
dratic relation specified in Eq. (10) indicates that CSAD, reaches a maximum
when R, ; = 2.72%. This suggests that for large swings in the market return
that surpass this threshold level, CSAD, has a tendency to become narrower.
This is consistent with the intuition of CH that during these periods of extreme
market movements, individuals suppress their own beliefs in favor of the
market consensus. The degree of suppression associated with an increase in R, ,
is so severe that it more than offsets the would be increase in dispersion due to
the differences in market sensitivities. We also capture limited evidence of
herding for Japan in down markets.

In order to further illustrate the magnitude of the non-linearity in the
CSAD-market relation (as captured by the Y and yPOWN coefficients), in
Fig. 1 (Hong Kong) and Fig. 2 (South Korea), we plot the CSAD measure for
each day and the corresponding equally-weighted market return. Readers are
reminded that due to different ranges covered by these measures, the scales of

0.07 T

0.06 |

0.05

0.04

2 0.03

© 0.02

0.01

-0.08 -0.06 0.08 0.08 0.1

Equally-Weighted Market Return

Fig. 2. Relationship between the daily cross-sectional absolute deviation (CSAD,) and the
corresponding equally-weighted market return (R,,,) for Korea (January 1978-December 1995).
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these figures differ between the two countries. While the linear CSAD-market
relation is evident for Hong Kong, the plot for South Korea is indicative of a
relation that is far from linear. Moreover, the slightly steeper slopes in the up
than in the down market for both countries can also be visualized.

An important investment implication of our finding is that when investing in
an economy where participants tend to herd around the market consensus, one
needs a larger number of securities to achieve the same degree of diversification
than in an otherwise normal market.

A more challenging question to ask is what makes South Korea and Taiwan
different from the US and Hong Kong? First, the differences in herd behavior
may be the result of a relatively high degree of government intervention, either
through relatively frequent monetary policy changes or through large direct
buy or sell orders in the emerging financial markets. Second, herding differ-
ences could result due to the paucity of reliable micro-information in these
markets. To the extent that our evidence of herding is indicative of relative
market inefficiencies, the market can be improved by enhancing the quality of
information disclosure. In the presence of inefficient information disclosure,
market participants will tend to lack fundamental information on firms, which
may consequently cause them to trade based on other signals. ® Third, South
Korea and Taiwan may exhibit herding due to the presence of more specula-
tors with relatively short investment horizons. Froot et al. (1992) demonstrate
that the existence of short-term speculators can lead to certain types of in-
formational inefficiencies. They suggest, for example, that traders may focus on
one source of information rather than on a diverse set of data, hence resulting
in a relatively narrow return dispersion. ’

3.4. Role of macroeconomic vs firm-specific information

In order to further explore the evidence in favor of herding in Section 3.3, we
address the following question: Does systematic risk play a greater role than
unsystematic risk in markets like South Korea and Taiwan where we detect
evidence of herd behavior?

$1In fact, as part of the 1995 action plan, the TSE plans to implement the following: (1)
strengthening the information disclosure of listed companies, (2) establishment of a local futures
market, (3) enhancing the internal control system and implementing an evaluation system for
securities firms.

7 Bekaert and Harvey (1997a) report that, out of 20 emerging equity markets, Taiwan and South
Korea ranked second and third in terms of the monthly turnover rate. The average monthly
turnover rates of the TSE and the South KSE are 22.2% and 7.6%, respectively. These turnover
rates are substantially greater in magnitude relative to other countries, hence providing indirect
evidence on the presence of relatively short investment horizons of participants in these markets.
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Specifically, we examine the R” values from the market model regressions
estimated by regressing the daily individual stock returns on the equally-
weighted return for the underlying benchmark. If systematic risk does play a
relatively more important role, R? values would be higher for South Korea and
Taiwan. Consistent with our priors we do indeed find that both South Korea
and Taiwan, which exhibit the strongest evidence in favor of herding, have
significantly higher average R> values of 23.2% and 42.1% for the full sample
(Table 4). In contrast, the corresponding R> values for the US, Hong Kong,
and Japan are 7.4%, 19.5%, and 11.4%, respectively. The results are robust
across the sub-sample of up versus down market days. Higher R’ values in
emerging markets are also consistent with the view that the relative scarcity of
rapid and accurate firm-specific information in developing markets may cause
investors to focus more on macroeconomic information. However, to the

Table 4
Market model regression results®

Market model adjusted R?

Mean Minimum Maximum
US
Full sample 0.0739 -0.0142 0.6724
Up market 0.0312 -0.0156 0.4366
Down market 0.0624 -0.0157 0.5718
Hong Kong
Full sample 0.1953 -0.0144 0.6801
Up market 0.0787 -0.0124 0.5740
Down market 0.2063 -0.0150 0.7040
Japan
Full sample 0.1144 -0.0145 0.3756
Up market 0.0608 -0.0123 0.3705
Down market 0.1011 —0.0094 0.3047
South Korea
Full sample 0.2315 -0.0072 0.4721
Up market 0.1334 -0.0147 0.3118
Down market 0.1029 -0.0137 0.3198
Taiwan
Full sample 0.4214 0.0849 0.6776
Up market 0.2631 0.0009 0.4836
Down market 0.2862 —-0.0038 0.5217

2This table reports the mean, minimum, and maximum adjusted R? value of the individual firm
market model regressions of all stocks that comprise a particular country’s index. The equally-
weighted market proxy for each country is used as the underlying market benchmark in the market
model regressions. The adjusted R? values are reported separately for the full sample and the up
(down) market where the equally-weighted market return is positive (negative).
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extent that investors react to any useful information, whether the information
is firm specific or market related, such type of behavior can be viewed as being
rational.

3.5. Robustness tests

3.5.1. Size-based portfolio tests

Since we employ an equally-weighted measure, the aggregate results re-
ported in Table 3 may be influenced by the smaller stocks in each country.
Examining the relative influence of small versus large stocks is especially im-
portant in light of the fact that small stock portfolios may react differently
under different conditions relative to large stock portfolios. For instance,
McQueen et al. (1996) document that small stocks respond slowly to good
news, and this slowness could result in extra dispersion in up markets, and bias
against detecting evidence of herding in Table 3. Hence, for US, Hong Kong
and Japan, the presence of an insignificant y, coefficient for large stock port-
folios would provide stronger support for the lack of herding. Similarly, for
Taiwan and South Korea, a significantly negative y, coefficient for the small
stock portfolios would further substantiate our evidence in favor of herding in
the emerging financial markets.

In panels A-E of Table 5, we reexamine the non-linearity in the CSAD-
market return relationship using size-based quintile portfolios for each of the
five countries in our sample. We categorize stocks for a given country into
quintiles based on the market capitalization of each stock at the end of the year
immediately preceding the measurement year. These portfolios are recon-
structed each year to reflect any changes in market capitalization of individual
stocks in the aggregate portfolio.

The size-based tests in Table 5 provide further support to the full sample
results. For all portfolios, ranging from the smallest (Portfolio 1) to the largest
(Portfolio 5), we find strong evidence in favor of herding in Taiwan and South
Korea. These results are robust across both up and down market price
movement days. For Taiwan (Panel E), in four out of the five portfolios, the F-
test rejects the null hypothesis that Y = yPOWN_In addition, the yJ® coeffi-
cient is more negative suggesting that herding is more prevalent in rapidly
rising market conditions. For South Korea (Panel D), on the other hand, the

magnitude of the yPOWN coefficient is larger in most of the quintile-based

portfolios. However, the yPOWN coefficient is significantly different from the
5P coeflicient, in portfolios 1 and 3 only. Hence, for South Korea, the evidence
in favor of herding tends to be slightly stronger in the down market movement
days. Furthermore, for South Korea, the y?OWN coefficients are negative and
statistically significant for all five portfolios. The yY¥ coeflicients are also
negative and statistically significant in all portfolios except portfolio 1. For

Japan (Panel C), we find evidence of herding in three of the five largest port-



1669

E.C. Chang et al. | Journal of Banking & Finance 24 (2000) 1651-1679

Or'D 089)  .(€5°LE) (100-)  «(19€D)  .(6T°08)

610 “€6°0T 96v'0  1651°0 SO¥T0 v110°0 THE'0 20000~ 01Z€°0 61100 v onopIod
{00 TS .OLTE) (o ATOTD 0v'Es)

160 wll'L TIS0  10T€°0 €7$T0 0€10°0 0€0€°0  TSTL'O 08T€°0  6€10°0 £ ornopIod
950-) 9L (TET) (£9°0) «{65°6)  .(08'8Y)

91 W THr'0  $6900—  ¥HOS0 9010°0 6970  0£€S°0 10S€0 951070 T onopiod
(€60) 098  .(p7TE) (S6'1-) (890D wlL¥'LY) (3saqreWs)

9L'S «T9°€T 65€0  9¥0T0 80T€°0 88100 L1T0  81Iv'I- 6£2S°0 96100 1 otojiod

3uoy 3uopy :q jouvd

+(89°€) +(20°6) (TL0L) 01°0-) A(TS°61)  WL8°L6) (1so81e7)
«1€°0C 0L ETT 120 9¢9T'1 YTLT O €010°0 Psv'0  91v0°0— 9170 0010°0 ¢ oroprod
(Lo O1€D)  w(Thee) (09°0) 0010 (TTLin
900 =9€°LTI LSY'0 Yr1T0 687¢°0 CIo00 1€6°0  868CT°0 79050 61100 ¥ oloji10d
Tro H(6F€ET) ~(1€76) (69°0) (6870 W01°STT)
60 66091 801°0 £6£0°0 e8¢0 17100 6CS°0  TOLEO £C65°0 8¢10°0 ¢ orojprod
(Ls'0) T +(€L°68) (Te'n SOL61)  WFTTIT)
40! wLTELT €Ce0 9CC0 SI8€0 0L10°0 PLY'0 06890 68790 8910°0 C onojirod
910 H(1T°9) «(r1°59) +(69°7) «+(56°6) +91'8) (1soq[EWS)
88’1 «+59°68 L60°0 [10¥'1 €9LT0 1920°0 T y9TsT $8¢9°0 1920°0 1 orojirod
SN -V [ound
A } 2
[ L7 pasnlpy amoct amoat 0 pasnlpy ash ant 0
SOTISIIBIS 1S9, 4 [9POIN V [9POIN Anuno)

«(sorjojirod poyuex
9z1s) sjoyIewr umop pue dn :o1joj1od 193IRW A} JO WA} Parenbs pue IeoUI] 9Y} UO UONBIAIP 9IN[OSQER [BUONIIS-SSOID A[IEP U] JO SINSAI UOISSIIZIY
¢ dlqeL



E.C. Chang et al. | Journal of Banking & Finance 24 (2000) 1651-1679

~697-)  (Ev6) +(85°7€) w(r8'P-) SLLTD  W(8T°01)

80°0 ¥6'C ¥80°0  0€SL'S— L6SE0 811070 Y10 6Ty S— 6710 ST10°0 P orjoj110d
#(86'6-)  L(L0TD)  W(L1°8€) w(PPe-) 00T WPTTH)

“EP'S €00 0110 6C€6'9—  OLI+0 7100 YLT'O  €0SEv— 6£TH°0 0€10°0 ¢ orjojiI0d
TP w(19°6) (TE°8¢) +(657€-) HLSTD WP 9P)

81 LT] €800  8¥6L'S— SOLE0 €€10°0 910  LLYTY— ISTH°0 1%10°0 T oroprod

«(80¢-)  wlegL) (£0°6€) (z8°0-) B8  w(S6Eh) (¥s9qrewg)

wPL9 100 8600  SLL6Y— L8YE0 LS10°0 YET'0  T6STT1— SSPE0 6910°0 [ orfojrod

D210y YInos :(q [ound

(06— worTD  L(1€°09) (59°0-) +(80°€D) (05 19) (3s981e7)

Al <0181 LSTO  9€6T 1- L8EE0 9010°0 SPE0  0S0L0— 6170 LOT0°0 G orojrod
H20€-)  wEgeD)  w(961L) (05°0-) TS (95°88)

9L°0 SIEY PPE0  $978°0- £60€°0 81100 0st'0  TH8Y0— 98¢0 €210°0 t orjojirod
€977 LoD L(06LL) (8¢'1-) SLSLD W(L6°L6)

L0 €99 €C€0  vIT60— 8967°0 0€10°0 1€V°0  8IYTI- ¥SSH°0 8€10°0 ¢ o1ojod
(@s1-)  Lo1D)  L(hL8L) 06'1-) (6081  (S6°16)

w8V +LT'88 SLTO  880%°0- €8YT°0 SP10°0 08€°0  LESTI- 6770 €510°0 T oroprod
aLmn +(99°6) +91°L9) ©on +(56°6)  .(8T9L) (¥soqrEWS)

69°0 3 57 110 €9L5°0 8I+1°0 SL10°0 0120  8T€0°T €61€°0 9810°0 [ orfojod

undpp ;D jound

600-)  .(s69) +(66'7¢) (20'0-) SGTTD  wb6°9%) (1sa81e7)
10°0 1t'C w0 TI00- TTITo #6000 6920  TLOO0— 9€¥T0 201070 G orjojI04
NN& NN\
oy L7 pasnlpy N ao%ﬁ N Boma 0 pasnlpy ast ant 0
SoNSNIe]S 1891, d [PPOIN V [PPOIN Anuno)

1670

(ponunuoD) ¢ 9[qeL,



1671

E.C. Chang et al. | Journal of Banking & Finance 24 (2000) 1651-1679

“JoAS] 9,1 Y 1& JUEIYIUSIS ST JUSIOYIO0d A,
JOAS] %§ AU 1B JUBDYIUSIS ST JUSIOLYFA0d AL,

“A19A10adsar ¢y o &l = 45 PUR yodd = 444 18 sasayrodAY [nu oY) 1s9) SONSHRIS Lf

pue L7 oy, sesoyjuared ur pajrodar are sonsne)s-7 JUISISuU0d A0NSepadsoId}oy -orjopaod 91e3a135. 9y Ul S)003S [eNPIAIPUL JO uonezieided joyIew
A} ul sAZUBYD AUR 1091 03 TBIA OB PIJONIISUOIAI dIB SOI[0J110d 9y I, *I1BaK JUdWAINSBIW Y] FuIpasard A[d)eIpatull 1834 31} JO PUD Y} I8 JI0IS OB

Jo uonezireydes joIew Pud-Iedk ) UO Paseq PIjoNIIsuod e sorojiiod sumb paseq-ozis 9y ], "WLId) SIY} JO anjea parenbs oy st Tz BMMML A hm%v
N

pue [umop] dn s1 joyTRW 9Y) USYM 7 ABP UO SIANLINDAS J[QR[IBAL [[B JO UINIAI PIZI[LaI PajySom-A[renba ue jo anjea ainjosqe ay3 st T N Bmm%; | 10| o0t m

s thamm%v wmodt F Imoad xmoat % = umoadVSD * € 1PPON

g 4 Nﬁmxv anl+ 1in¥lgad +2 = /AVSD v 19PON

:S[OpOW UOISSAITI FUIMO[[O] 2Y) JO SIUDIOYI0D PAlewNsd 2y} sp1odar 9[qe) sy,

066 (oL TT'70) H(6T0T-) (981D (0'60) (¥se81e7T)

~S8PI 856 ¥60°0  88LS€E—  S98T0 08000 TET0  68FLS— SPLEO 6L00°0 ¢ orojirod
«(8L6-)  w(LoL) +(58°L7) +9801-)  w(8L6) w(EFSE)

96 9Ll 1L000  I8€S'€—  T6STO 68000 €80°0  8TTT'S— SS6T°0 160070 v orjogrod
+(879-) (0L 1T1€) H(ES°0T-) WPl (8€°6€)

SIS 200 9900  S9T0P—  S89T0 66000 9900  €8LT°S— 12LT0 ¥010°0 ¢ oroprod
~P9-)  .(699) +(95°7¢) SOTTT-)  WS'8) (Tl oh)

19C 10 LSOO SLSYb—  TLLTO 6010°0 7900  888¢°S— 9857°0 ¥110°0 T oroprod
“BLS=)  u(8°9) +(657C¢) 801 W(S6) (1T (¥s9[eWg)

099 8L°0 8Y0°0  90ISh—  LE6TO LETO0 850°0  I8TE9- T5T€°0 17100 [ orojirod

upn J o jound

+6£¢)  LULy8) +(£9%€) 9 v-) +98°€D)  .(8tLE) (1s081e7)
¥0°0 +90'8 CcLO0 160Lv— 6CCe0 L0100 910 oleov— LOVY'0 CL10'0 ¢ oroptod



1672 E.C. Chang et al. | Journal of Banking & Finance 24 (2000) 1651-1679

folios in the down market days; however, we find no evidence during the up
market days.

Finally, consistent with our full sample results in Table 3, we do not find any
evidence of herding in the US and Hong Kong (Panels A and B). ® These re-
sults are robust across both the up and down market days.

3.5.2. Impact of the daily price limit on the South Korea and Taiwan Stock
Exchange

In Taiwan, the daily trading range for any stock that trades on the exchange
(TSE) cannot exceed a certain pre-specified percentage of the stock’s closing
price on the previous trading day. Once a particular stock hits the limit, all
future transactions for the day can only occur at that limit price. These trading
limits are similar in spirit to trading halts imposed on the NYSE with regard to
intraday movements in the Dow Jones Industrial Average. Over our sample
period, the trading limit for stocks trading on the TSE has ranged from a low
of 2.5% during 1978-1979 to a high of 7% from 1989 to the present. ° Similar
to the TSE, the South Korea Stock Exchange (KSE) has a 6% daily price limit.

Table 6 reports our robustness tests to examine whether the trading range
limits in South Korea and Taiwan, affect our overall evidence in favor of
herding in the emerging financial markets. For South Korea, out of the
1,920,229 observations, 25,749 observations exhibit returns with absolute
values greater than 6%. We re-estimate all the models after excluding these
firm-day observations. For Taiwan, we eliminate observations for which the
absolute value of a stock’s return is greater than or equal to the trading limit
minus 0.2%. These cutoffs are used to account for the fact that TSE revises the
trading limit downward to ensure that the next tick move does not push the
stock’s price outside the trading limit. Consequently, out of a total of 814,025
firm-day observations, 46,008 observations are eliminated to account for the
downward revision rule based on our adjustment factors of 0.2%.

The elimination of these extreme observations does not alter our prior
findings. In conformance with evidence of herding, Table 6 shows that our

methodology yields negative and statistically significant y* and yPOWN coef-

8 Note that the 5P coefficient for the smallest US portfolio is significantly positive. This could be
the consequence of extra dispersion caused by the slow response of small stocks to good news
(McQueen et al., 1996).

 The TSE allows for a relaxation of the trading range limit of a listed company on its ex-rights
trading day. Earlier, due to the cash capitalization on the ex-rights day, the calculation of the 7%
range on the ex-rights trading day was based on the previous closing price of the stock minus the
value of the right. However, in case that all rights are not exercised and the company is unable to
raise all the requisite cash via the rights offering, the deduction in the value of the right would be
deemed inappropriate for the shareholders of the original stock. In light of this, the TSE has
relaxed the limit with regard to the 7% trading range on the ex-rights trading day of a stock.
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ficients with one exception. The y, parameter for South Korea in the up market
is negative but not statistically significant. However, our results are robust
across tests which use either the PACAP equally-weighted market proxy or the
self-constructed market proxy (which excludes these extreme observations) to
compute the CSAD measure. '°

3.5.3. Pre-post liberalization effects for emerging stock markets

The emerging stock markets of South Korea and Taiwan have undertaken
liberalization efforts in recent years. In fact, both markets have increased access
to foreign investments either directly or indirectly via country funds. Specifi-
cally, investment restrictions on foreign investments in South Korea were
partially eased in January 1992. Over the later part of our sample period,
foreign ownership was allowed up to 10% in unlimited industries and 8% in the
limited (more strategic) industries. In Taiwan, direct investments by foreign
institutional investors were allowed in January 1991. Nevertheless, various
investment restrictions in the form of lack of access to certain industries and
the presence of a 5% ownership limit in a given firm by a single foreign investor
over our sample period continue to remain in place. !!

Since it is difficult to ascertain the exact timing and the true impact of these
liberalization efforts on the respective financial markets of these countries, we
conduct sub-period tests to see if we can detect any changes in herding patterns
over time. The sub-period results are reported in Table 7. For South Korea, we
conduct sub-sample tests on a two-year by two-year basis. We do not find any
patterns in the two-year by two-year «’s. Most of the y, coefficients in up and
down markets are negative and statistically significant. Hence, we are unable to
detect any impact of liberalization efforts on investor herd behavior in South
Korea’s equity market.

For Taiwan, we estimate separate models for each sub-period within which
the constancy of the price limit is maintained. For the sub-period tests we
report results for the sample which excludes observations for which the ab-
solute value of a stock’s return is greater than or equal to the trading limit
minus 0.2%. '? The evidence for Taiwan provides no clear pattern in the sub-
period o’s. Moreover, in all models, the coefficients on the y, parameter in the

19 For brevity, we do not report the results based on the self-constructed market proxy.

1 Bekaert and Harvey (1997b) indicate that the liberalization of South Korea and Taiwan
occurred in September 1988 and January 1991, respectively.

12 0ut of the 5771 sample days, 4976 days have at least one firm with the absolute value of the
return being greater than or equal to the price limit minus 0.2%. The number of firms with an
absolute return greater than or equal to the price limit minus 0.2% in any given day ranges from a
single firm to 115 firms (on 17 August 1990) with an average of 9.94 firms exceeding the price limit
on a given day. Note that there are 1098 sample days with one firm with the absolute value of the
return exceeding the corresponding limit minus 0.2%.
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1990s continue to remain negative and statistically significant. Hence, even in
the most recent sample period when presumably the effects of liberalization
may have occurred, market participants still tended to converge towards the
overall consensus of the market during large price movement days.

4. Conclusion

In this paper, we examine the investment behavior of market participants
within different international markets (US, Hong Kong, Japan, South Korea,
and Taiwan), specifically with regard to their tendency to conform with ag-
gregate market behavior, i.e., exhibit herding.

In our empirical tests, we use a variant of the methodology used by Christie
and Huang (1995). The underlying intuition behind our approach is as follows.
We show that when equity return dispersion is measured by the cross-sectional
absolute deviation of returns, rational asset pricing models predict not only
that dispersion is an increasing function of the market return but also that the
relation is linear. Furthermore, an increased tendency on the part of market
participants to herd around the market consensus during periods of large price
movements is sufficient to convert the linear relation into a non-linear one. To
capture this effect, we employ a non-linear regression specification, which is
similar in spirit to the market timing measure of Treynor and Mazuy (1966).

Our empirical tests indicate that during periods of extreme price movements,
equity return dispersions for the US, Hong Kong and Japan actually tend to
increase rather than decrease, hence providing evidence against the presence of
any herd behavior. The results for the US are consistent with those docu-
mented by Christie and Huang (1995). However, for South Korea and Taiwan,
the two emerging economies in our sample, we find dramatically different re-
sults. For both countries, we document the presence of smaller equity return
dispersions (and hence herding) during both extreme up and down price
movement days. The differences in return dispersions across the developed and
emerging markets may partly be the result of incomplete information disclo-
sure in the emerging markets. In fact, our empirical tests suggest that in South
Korea and Taiwan, where the evidence in favor of herding is most pronounced,
macroeconomic information tends to play a significantly greater role in the
decision making process of market participants.

The results of market capitalization based portfolio tests indicate that our
herding results are not driven by either the large or small capitalization stocks.
In addition, the results for both South Korea and Taiwan remain relatively
robust in various sub-period tests designed to capture shifts in investment
behavior associated with the liberalization of these economies. Lastly, we
conduct tests to examine whether the presence of daily price limits imposed on
stocks in South Korea and Taiwan may be impacting our findings. However,
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these tests do not alter our overall evidence in favor of herding in the equity
markets of South Korea and Taiwan.

An important investment implication of our study is that in economies such
as South Korea and Taiwan where market participants tend to herd around the
aggregate market consensus, a larger number of securities are needed to
achieve the same level of diversification than in an otherwise normal market.
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