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Behavioural Finance

@ Agent Based Models; Adaptive Markets Hypothesis (Lo)
and Markets seen as Complex Evolving Systems.

@ Refined notions of Efficiency; information sets include
models and statistical methods used- allows some
exploitable temporary excess return

@ Limits to Arbitrage
@ Loss Aversion
@ Framing; Psychological and Social Factors
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Sentiment and Herding

@ Sentiment and Beta Herding in Financial Markets;
with Soosung Hwang

@ Sentiment Waves and Asset Price Formation;
with Nektaria Karakatsani

http://www2.warwick.ac.uk/fac/soc/wbs/research/wfri
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Beta Herding

@ To measure herding we need to differentiate between a
rational (efficient) reaction to changes in fundamentals and
irrational (inefficient) herding behaviour. Both lead to
common movements in asset prices at the same time.

@ In order to do this we need to define herding in a new way.

Definition

Beta Herding: arises when agents buy and sell assets in order
to follow the market index or some other factor ignoring the
underlying equilibrium risk return relationships (leading to
biased betas).
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How do the betas become biased when herding
occurs?

Ei(rit) = BimtEt(rmt),

@ When investors’ beliefs shift so as to follow the performance of the
overall market more than they should in equilibrium, they disregard the
equilibrium relationship (8im:) and will try to harmonise the return on
individual assets with that of the market.

@ For example, when the market increases, investors will often try to buy
under-performing assets (relative to the market increase) and sell
over-performing assets.

@ Suppose the market index increases by 20%. Then we would expect a
10% increase for any asset with a beta of 0.5 and 30% increase for an
asset with a beta of 1.5 in equilibrium.

@ However, when there is herding toward the market portfolio, investors
would buy the asset with a beta of 0.5 since it appears to be relatively
cheap compared to the market and thus its price would increase. WARWICK
Investors would sell an asset with a beta of 1.5 since it appears BEHEETRETLE
relatively expensive compared to the market.



@ So we define (beta) herding as the behavior of investors
who simply follow the performance of specific factors such
as the market portfolio itself or particular sectors, styles,-
hence buy or sell individual assets at the same time
disregarding the long-run risk-return relationship. Herding
within the Market and Herding towards the market.

@ Based on this definition, Hwang and Salmon
Jnl.Emp.Finance(2004) ( HS) used a disequilibrium CAPM
to measure herding based on the cross-sectional variance
of the factor sensitivities of the individual assets in the
market but taking expectations on the market as given.
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@ This paper extends HS in several ways.

e First; we now investigate herding in the presence of
market-wide sentiment. Sentiment is defined by the mean
level of noise traders’ subjective returns; relative
optimism-pessimism.

Herding increases with market-wide sentiment and negative
sentiment is found to reduce herding.

This supports empirical evidence in Brown and Cliff (2004)
strong contemporaneous relationship between market
returns and sentiment = herding activity increases in bull
markets - decreases in bear markets.

Our measure of herding is now driven by two forces; one
from cross-sectional convergence within the market towards
the market portfolio, and the other from market-wide
sentiment that evolves over time and drives the market as a
whole.
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@ Second; we study the dynamics of herding over an
extended time horizon.

e Herding is not necessarily short run. The cycle of a bubble
may not be completed within days, weeks or even months. -
the Tulip Bubble in seventeenth-century Holland, the real
estate bubble in the late 1980s Japan, and the recent
dot-com bubble. It took years for these bubbles to develop
and finally make their impact on the market.

e Find evidence for slow moving herd behavior; we use
monthly data rather than higher frequency data.
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@ Third; our measure of herding explains why and when
CAPM fails ....when herding causes betas to deviate from
the equilibrium betas.

e There is clear difference before and after 1963; before 1963
CAPM works well — after 1963 it does not.

e Many explanations have been proposed; time varying betas
Jagannathan and Wang (1996), discount rate and cash flow
betas by Campbell and Vuolteenaho (2004).

e Most studies investigate the anomaly in a cross-sectional
world. We measure herding (in the betas) through time
indicating periodic failures of (equilibrium) CAPM.
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@ Finally —We propose a new non-parametric method to
measure herding based on the cross-sectional variance of
the betas

e More flexible than the parametric model of HS as no
particular parametric dynamic process for herding is
assumed.

e We derive a formal statistical framework within which the
significance of the estimated herd measure can be
calculated; is there any significant difference in the
estimated levels of herd behavior between any two
periods? or does the estimated level of herding change
over time significantly ?
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e US,

Results

UK, and South Korean stock markets

that “herding towards the market” does indeed move slowly,
but is heavily affected by the advent of crises.

Contrary to the common belief that herding is only
significant when the market is in stress, we find that herding
can be much more apparent when market continues to rise
slowly or when it becomes apparent that market is falling.
We also show that herding is not driven by macro business
cycle factors nor by simple measures of the state of the
stock market.

The results suggest that herding is persistent over time, like
stock prices around the intrinsic values, as discussed in
Shiller (1981, 2000, 2003), but critically shows a different

nami K prices.
dynamic to stock prices WARWICK
BUSINESS SCHOOL



Herding, Sentiment, and Betas
CAPM in equilibrium,
E¢(rit) = BimtEt(rmt),

@ Herding towards the market; E;(r;) is affected by the
expected market movement E;(rn:) more than CAPM
suggests = G, biased towards 1 (ie. the market).

@ Conditional on the expected market return HS model

Eb(rlt)
Ei(rmt)

where EP(ry) and 32 o are the market’s biased conditional
expectation of excess returns on asset / and its beta at
time t, and hy; is the herd parameter that changes over
time, hyy < 1.

@ Encompasses equilibrium CAPM with hp,; = 0, but aII
for temporary d|S€QU|||brlum BUSINESS SCHOOL

ﬁlmt ﬂlmt hmt(ﬂimt - 1) (1)



@ Consider several cases in order to see how herding affects
individual asset prices given the evolution of the market
returns.

e Perfect herding towards the market portfolio;
hme =1, ﬁ},’m =1 for all i and the expected excess returns
on the individual assets will be the same as that on the
market portfolio regardless of their systematic risks.

e In general, when 0 < hp < 1, herding exists in the market,
and the degree of herding depends on the magnitude of
hme.

@ when 0 < Ay < 1, we have B > 82, > 1 for an equity with
Bimt > 1, and Bime < 82, < 1 for an equity with Gime < 1.

Therefore when there is herding, the individual betas are
biased towards 1.
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@ We need to allow a return towards equilibrium over time so
that behaviour fluctuates around the equilibrium CAPM, we
also explain ‘adverse herding’ when hp; < 0.

It is critical to note that E;(rm:) is treated as given in this
framework and thus h; is conditional on the market. Therefore,
the original HS herd measure is not directly affected by
market-wide mispricing like bubbles, but is only designed to
capture cross-sectional herd behavior within the market.

@ Clearly however the two forces, cross-sectional and
dynamic are intimately related.
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HS model with Sentiment

@ We assume that sentiment on an individual asset ( relative
to the expected market return) is decomposed into three
components, market-wide (relative) sentiment, a herding
effect and an idiosyncratic component wj;

Sit = Smt — hmt(Bimt — 1) + wit, (2)

@ This is built up from the following ideas. Let 5,y and 6
represent sentiment on the market portfolio and asset i
respectively. Then investors’ biased expectations in the
presence of sentiment is sum of a rational component and
sentiment,

Ef(ry) = Ei(ry) + 0t

WARWICK
Ets(rml‘) = Ei(rmt) + Omt



where for consistency dm: = E¢(djr) and E¢(.) represents the
cross-sectional expectation, and the superscript s represents
the bias due to the sentiment.

@ Then we have
E(ri)
Ef (rmt)
Ei(ri) + ot
Ei(rmt) + Ome
ﬁimt + Sit
1+ Smt

S _
/Bimt -

Y

where syt = E(r 5y and sj = ( y fepresent sentiment in
the market portfolio and asset i re/at/ve to the expected

market return.ie. the relative degree of optimism or
pessimism.
BUSIMESS SCHOOL



@ Can consider how beta is biased in the presence of
sentiment in individual assets and/or market;

Bimt + Sit when 03 £ 0 and d; = 0,

B = % when 6; = 0 and &m; # 0,
Bt when 6 # 0 and S # 0.

@ Note that the model of sentiment satisfies the constraint
that the cross-sectional expectation of the sentiment
associated with individual assets is equal to market-wide
sentiment;

Ec(si) = Ec(smt — hmt(Bimt — 1) + wit)
Smt,

since E¢(Bimt — 1) = Ec(wit) = 0. By substituting s;; into the
expression for disequilibrium 37 . , we can derive the

implied beta in the presence of both herding and
Sentiment; BUSIMESS SCHOOL



’
Bt =1+ 1T sm; [(1 = Pmt)(Bimt — 1) + wi] - )

When there is neither herding nor market-wide sentiment, this
implies the equilibrium beta, 57, = Bim:.
@ For given sy a positive hpy (herding) makes 7, move
towards 1 while a negative hp (adverse herding) make 37
move away from 1. On the other hand, when sp;; increases

for given hpy, 3;,, moves toward 1 and vice versa.

@ When ( the equilibrium) g3, is not related to wj;, we have

(55 101 = o) B~ 1) + w,-tl)zl

1+ Smt

= [ ) Varo(Bim) + Vare(e)]

(1 + Smt)2
WARWICK
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Consistent with equilibrium CAPM we assume that
Var:(Bimt) is constant;

Likewise the cross-sectional variance of the idiosyncratic
sentiment wj; could be assumed to be constant.

Therefore for given Varg(Gim:) and Vars(wj) the left hand
side decreases, ceteris paribus, when hy,; and Sy
increase. That is, we observe a reduction in Var:(5;,)
when there is herding within the market and towards the
market and positive market-wide sentiment.

When there is no herding but market-wide sentiment
exists, i.e. hmt = 0 and sy # 0, changes in Varg(57,) are

due to sentiment alone.
WARWICK
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@ So positive sentiment decreases Vare(3;,,) suggesting that
a bubble could reduce Varc(35,,). This has similar effects
to herding, hpy: > 0.

@ However negative sentiment increases Varg(3;,,) and thus
during bear markets we should observe a larger Var:(3;,,),
which could become even higher when there is adverse
herding, hm: < 0.

@ ltis fairly well documented that sentiment is positively
contemporaneously correlated with market returns and
lagged market returns. Thus a decrease in Vare(3;7,,) from
an increase in sy is more likely during bull markets rather
than bear markets. On the other hand, a decrease in
Varc(3; ;) from an increased hp is possible any time.
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Portfolios

@ There are several benefits from using portfolios in the
place of individual stocks.

e First, for a well diversified portfolio the idiosyncratic
sentiment of the portfolio s, is zero. i.e., wy: = 0. Then the
impact of sentiment on the portfolio will be decomposed
into just two components, market-wide sentiment and
herding, so that;

Spt = Smt — hmt(ﬁpmt - 1)-

Then we have

1 2
Vare(83m) = o | (55 (01— hn)(Fom = 1)) ](4)
_ (1= hmw)?
= (T s el
Therefore under the assumption that Var:(Gpm:) is invariant
over time, we observe beta herding by measuring WARWICK

BUSIMESS SCHOOL
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@ Second, using portfolio betas has another important
empirical advantage that the estimation error will be
reduced. That is as the number of equities in the portfolio
increases we have plim 35, = 85,

WARWICK
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The Herd Measure and Non-parametric Tests

A natural measure of beta herding would then seem to be the
sample estimate of Varc(33,,)
Definition (Beta Based)

The degree of beta herding towards the market portfolio is
given by

Ni
1
Hmt:ﬁtZ(ﬁifm_Uz, (5)
i=1

where N; is the number of stocks at time t. Herding towards the
market portfolio therefore decreases with Hp;.

v

@ One major obstacle in calculating the herd measure is that

S H .
oot 1S unknown and needs to be estimated. We use a G RTIET
rO”ing window. BUSINESS SCHOOL



A simple market model is used as an example
Given 7 (window size) observations, the simple market model
is represented as

rit:aﬁ+ﬁﬁy71rmt+5itv t:172a"'7T> (6)

where ¢ is the idiosyncratic error which we assume
eit ~ N(0,02,).The OLS estimator of 35 . for asset i at time t,

) Yeit
b ., is then simply

imt

imt?
S _ o~
blmt = U/mt/amt7 (7)
Var(b/mt) = lt/Umt’ (8)
where & U/mt is the sample covarlance between r; and rm, o mt is

the sample variance of rp;, and o aa,, is the sample variance of
the OLS residuals. Using the OLS estimated betas, we could
then estimate the measure of herding as

mt* N E : Imf WARKWICK
BUSINESS SCHOOL



@ However, HS, will be affected by insignificant estimates of
2+ S- The significance of the OLS estimates of the betas
could change over time, affecting HS, even if 35, was
constant. In addition,when r;, rm¢, and ; do not move at
the same rate, Var(b3,,) is affected by heteroskedasticity in
either gj; or rpy.
@ To avoid these unpleasant properties of H,%, we

standardize b, using its standard deviation; in other
words we used the related f statistic which will have a

homoskedastic distribution and thus will not be affected by
2
any heteroskedastic behaviour in ﬁt ZN' %sit. (The CAEE)

I:1 szn
@ The t statistic in the measure of herding based on t
statistics is;

?Ismt:1 Nt<DF; ﬁnt_1>
O'ait/o'mt Usit/Umt

: s 1 .
where DF is the degrees of freedom and ﬁ’# is a WARWICK

. Uall/amt BUSINESS SEHOOL
non-centrality parameter.




Definition (t statistic based)

Beta herding towards the market portfolio can now be
measured using

Nt 2
1 bs., — 1 >
= = =~ 5 10
Ny ; (fTsit/Umt i
where b3 . are the observed estimates of betas for the market

portfolio for stock / at time t, and 7.3 and o are as defined
above. Herding towards the market portfolio increases with
decreasing H;.

We call the two herd measures defined above as the
beta-based herd measure and the t-statistic-based herd
measure. The following distributional result applies to Hy,;.
WARWICK
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Theorem

* * * * ! *
LetBy = ( Bimt Bimt - Bim ) . where B;
Then under the classical OLS assumptions,

* * *
Bt ~ N mt> Ymt |>
N[><Nt Nt><1 NtXNt

* * * * v * Bt =1
where 5mt - ( 51mt 62mt o 6N,mt ) 76imt - o;;:}a'mt’

is covariance matrix of By.,. Then

* 1 * *
mt = ﬁtBn;tht
1 2 . xR *
N M[X (R; o )+c],

b3

imt ™ Geit/Gmt”

1

imt—_

and V;,

(11)

v
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where Ris the rank of Vi, 6:F = 7, (5#*)2/)7, and
ct = Zj'\iﬁ,“ (07*)2, where &/ is the jth element of the vector
=B, where Cr . is the (N; x N;) matrix of eigenvectors of
Vi e, Vi, =CrAyChe, where A7 is the (N x Ny) diagonal
matrix of eigenvalues. The eigenvalues are sorted in
descending order.
@ This measure can be calculated easily using any standard
estimation program since it is based on the cross-sectional
variance of the t statistics of the estimated regression

coefficients on the market portfolio.

@ Theorem 1 shows that this new measure of herding is
distributed as 1/N; times the sum of non-central x?
distributions with degrees of freedom R and with
non-centrality parameters %7 and a constant.

@ Therefore the variance of H;,, is given by;

* 2 *
Var[Hp,] = N2 [R + 25mR} . WARWICK
t BUSINESS SCHOOL



Empirical Results

@ Using equation (11), we calculate the herd measure at
time t given an appropriate window of data (7), and obtain
confidence intervals from equation (12).

@ The same procedure is then repeated over time by rolling
windows (advancing the start date by one period, i.e., t,
t+1,..).

@ The test statistics provide us with a sequence of
hypothesis tests. That is, we can use the confidence level
calculated at time t to test if the value of the test statistic at
t + 1 changes significantly.

@ In this way we can determine if the level of herding is
significantly different over time.

WARWICK
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@ We present results using individual stocks in the US, UK
and South Korean markets, and then compare herd
behaviour across these different markets.

@ We also apply the method to the Fama-French 25 and 100
portfolios formed on size and book-to-market from January
1927 to December 2003.

WARWICK
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Herding in the US Market

@ We use monthly data from the Center for Research in
Security Prices (CRSP) to investigate herding in the US
stock market. Ordinary common stocks listed on the New
York Stock Exchange (NYSE), American Stock Exchange
(AMEX) and NASDAQ markets are included.

@ The sample period consists of 488 monthly observations
from July 1963 to December 2003. For excess market
returns we use the CRSP value weighted market portfolio
returns and 1 month treasury bills.

@ For the other factors we use Fama-French’s (1993) size
(Small minus Big, SMB) and book-to-market (High Minus
Low, HML), and momentum from Kenneth French’s data

library in addition to the excess market returns.
WARWICK
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@ As explained above, a number of monthly observations, T,
needs to be chosen to obtain the OLS estimate. We have
chosen 7=24, but we tried a range of values, i.e., 7=36, 48,
and 60, and found that the results are effectively not
different from one other.

@ We use the first 24 observations up to June 1965 to obtain
the OLS estimates of betas and their ¢ statistics for each
portfolio and then calculate H;,; and its test statistic for
June 1965. We then add one observation at the end of the
sample and drop the first and so use the next 24
observations up to July 1965 to calculate the herd measure
and its statistic for July 1965, and so on.

@ We filter out small illiquid stocks by controlling the following
three liquidity proxies; volatility, size, and turnover rate
which leaves the number of stocks ranging from 570 to

1185 for our sample period.



The Fama-French three factor model with momentum used to
estimate the betas is

s s s s s
it = oF + BimImt + Biglsmbt + Biplhmit + Bipmmmt + €t

where ry and rpy are excess returns of asset i and the market
portfolio, and rsmpts rhamit, @and rmm: are Fama-French’s SMB,
HML, and momentum factor returns. We also calculate the herd
measures with the simple market model for comparison.
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Table 1 Propertiesof Beta Herd Measurein the US Market
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Table2 Regression of Herd Measureson the Cross sectional Average of the Variances of
Estimation Errorsof Betas
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Figure1 The Cross-sectional Relationship between Betasand t-statistics
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Table3 Regression of Beta Herding in Individual Stocks on Various Variables

% o DP and RT represent the
rete, while TS and
andard errors, 106level and*

thes% level
standar dised herd Measure.
‘Constant Rm [ RTE TS cs CAEE R
1506+ 0,002 [ Doz 0,010 o112 0390 0,002
© (0.006) (0.075) (@ (0056) (0.052) (0.14:
2919 0,001 0090 394 0 [ o4ir 213 | 0479
(0178) (0009) (0057 (3907 (0038) (00%9) (0102) (0198)

B. Beta-Basad
Constant Rm vm [ RTE s cs CAEE R’
0685+ 0,000 0015 1007 0,003 0,008 0033 0250
(0.069) (©0002) (0.030) (1840) (018) 0.016) (0045)
0,005+ 0001 0023 ETY 0002 0018 0004 0955 0860
(003) (0001 (0018) (0971) (0.008) (0007 (0029) (0048)

WARWICK

BUSINESS SCHOOL



user
Highlight

user
Highlight

user
Highlight

user
Highlight

user
Highlight

user
Highlight


Figure2 BetaHerdingin the USMarket
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Herding in the UK and Korean Markets
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Figure 3 Beta Herding in the UK Market
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Figure 4 Beta Herding in the South K orean Market
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Figure5A Standardised Beta Herding Calculated with Fama-
French 25 Portfolios Formed on Size and Book-to-Market
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Market Sentiment and Herding

@ In the model we propose beta herding increases with
sentiment ceteris paribus. The relationship is made clearer
using portfolios and taking the log in the portfolio equation
to give

In Varg(B5m) = In [(1 — hmt)? Varc(ﬁpmt)} —2In(1 + Smt)

suggesting a negative relationship between In Var:(33,,)
and In(1 + spt).

WARWICK
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@ Thus the first hypothesis to test is if market sentiment is
negatively related to the cross-sectional variance of
estimated betas. We run the following regression

In Vare(B5m) = a + BIn Smt + e (13)

where In[(1 — hme) Vare(Bomt)] = « + 1t and
BInSmt = —2In(1 + smt) and Syt is a sentiment index.

@ The simple regression allows us to decompose
In Varc(ﬁgmt) into two components; herding and sentiment.
This could provide further information on how
cross-sectional herding evolves with sentiment.

@ Brown and Cliff (2004) investigate various sentiment
indices and conclude that direct sentiment measures
(surveys) are related to indirect measures.
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@ We have taken a direct sentiment measure, i.e., market
sentiment index constucted by Investors Intelligence for the
period of December 1963 to December 2003. Each week
weekly newsletter opinions on the future market
movements are grouped as bullish, bearish, or neutral and
we use the bull-bear ratio as a proxy of sentiment.

@ The cross-sectional variance of betas in the left hand side
of equation (17) is a moving average of the period of =
(e.g., 24 or 60 months) because of the rolling windows we
have adopted.

@ In order to match the dependent and independent
variables, we apply the same rolling windows method to
the sentiment index to calculate a moving average
sentiment index.

@ We also report the herd measures calculated with the

Fama-French 25 portfolios.
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Table4 Regression of Beta Herding in Portfolios on Various Variables
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@ Table 4 supports that the sentiment index is negatively
related to the herd measures. All cases show significance
at least at the 5 percent level even in the presence of the
market and macroeconomic variables and the CAEE.

@ The values of R? however indicate that sentiment explains
only from 2.6 to 25.6 percent of the dynamics of beta herd
measure. Although our beta herd measure is explained by
both within market herding and market wide sentiment, the
main driving force behind beta herding appears to come
from cross-sectional herding

@ For herding measured using individual stocks we obtained
similar results but the negative relationship is weaker than

with portfolios due to the existence of idiosyncratic
sentiment and estimation errors.
BUSIMESS SCHOOL



@ Thus a decrease in Vare(85,,) from an increase in
sentiment is more likely during bull markets rather than
bear markets because of the contemporaneous
relationship between returns and sentiment.

@ On the other hand, a decrease in Varc(8;,,) from an
increased hpy is possible any time.
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Figure6 Sentiment and Beta Herding
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o Figure 6. In most periods sentiment and Varc(3;,,) move
in the opposite direction. However there are some periods
that the two move in the same direction; from 1980 to 1982
and from 1998 to 2003.

@ During 1980 to 1982 we expect an increase in Varc(ﬁgmt)
because of decreasing sentiment, but the result shows that
both decrease. This suggests that during this period hp;
increases far more than sentiment decreases, and thus
Varg(Bgmt) decreases.

@ We find the opposite during 1998 to 2003. Market
sentiment increases, but herding (hmt) begins to decrease
more than the increase of sentiment so that Varc(55,,)
increases.

@ However although sentiment contributes to the dynamics
of Varc(B5m) the proportion of Var(35,,) that is explained

by sentiment is far less than hp;. G RTIET
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Conclusions

Herding is widely believed to be an important element of behavior in
financial markets and particularly when the market is in stress, such as
during the Asian and Russian Crises of 1997 and 1998.

We have proposed an alternative method of measuring and testing for
slow moving beta herding taking into account of movements in both
market wide sentiment and within market cross sectional herding.

We have applied our measure to the US, UK, and South Korean stock
markets and found that herding toward the market portfolio disappeared
during the Russian Crises in 1998 in the US and UK markets while the
herding level in the South Korean market disappeared during the Asian
crisis in 1997.

We have shown that herding is more prevalent when the market is
confident where it is going rather than in crises.

Periods of Crisis are important in returning the market towards
equilibrium as herding is removed.

Herding was not found to be driven by either macro or market
characteristics but had a dynamic of its own.

Market wide Sentiment was not found to be a major determinant
herding and there appear to some degree to be separate forces afiWOHm——-



@ The herd measure calculated with Fama-French portfolios supports our
main findings. However there were some time periods that the measure
shows different explanation from the herd measure calculated with
individual stocks. We show that the difference should be explained by
changes in idiosyncratic sentiments of individual stocks.
Methodologically it has been shown that t-statistic-based herd measure
is more robust to the beta-based herd measure.

@ This study has applied the new measure of herding to the market level.
However, the measure can also be applied at a sector (industry) level
and different herding behavior may well be found in different sectors
such as IT and old economy stocks.
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