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In this paper, the traditional model of herd behavior was improved and extended. The herd behavior of
risk-averse investor based on information cost was studied in the financial market. By refining the con-
cept of Bayes equilibrium and the analysis of the behavior of investors, it was discovered that the herd
behavior of the second risk-averse investor did not produce until the first risk-averse investors chose to

buy information.
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Introduction

Herding behavior of financial markets refers that the majority
of individual investors tend to take the same or similar invest-
ment strategy with the others when making investment deci-
sions. Causes of herd behavior include information asymmetry,
the concern for the reputation and rewards programs (Sharma &
Bikhchandani, 2000), where the information asymmetry caused
by the spread of information is an important reason for herd
behavior. Banerjee (1992) was first proposed based on asym-
metric information model of herd behavior. Bikhchandani, Hir-
shleifer and Welch (1992,1998) also studied the relevant herd
behavior model, although both models are different, they all
believe that information diffusion is the cause of herd behavior.

As BHW model assumes that investors can get free private
information, Cui Wei (2008) for the real market, raised the cost
of herd behavior based on the information model, However,
BHW model also assumes that investors are risk neutral, in
which most investors in financial markets do not match the
characteristics of risk aversion. In this paper, BHW model was
further extension studied, and we analyzed the risk-averse in-
vestor herd behavior based on information costs, and by refin-
ing the concept and inductive method of Bayesian risk aversion
of investors so as to get the optimal decision-making behavior.

The Model of Risk-Averse Investor Herd
Behavior Based on the Information Cost

In this paper, the traditional basis of BHW model, the intro-
duction of investor risk aversion in financial markets and the
presence of the characteristics of information costs, with a
negative exponential utility function is the risk aversion of in-
vestors, the cost of herd behavior based on the information
model. Basic model assumptions are as follows:

1) The investment result veV ={-11} in the beginning is
determined randomly. v=1 represents investment result is
well and v=-1 represents investment result is bad. v is
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equally likely to take on the valuesof 1 and -1.

2) Each of the investors chooses whether to buy private sig-
nal before making a decision. Let ¢, denote the cost that in-
vestment i purchase information, assuming 0<c, <1.

3) Let s,eS={-11} denote that private signal investor i
receives. s=1 denotes a good signal, s=-1 denotes a bad
signal. Conditions in the investment result, the investor’s pri-
vate signal is independent.

4) p, stands for the accuracy of the investor i acquires
private signal, it is a function of the information cost c,, de-

noted as p, =p(c;) and %s p, <1. Accuracy refers to the
probability of signal correct on the conditions given investment,

and p'(c)>0, p(O):%. It is assumed that the information
cost can be observed. The following investors can infer signal
accuracy according to information cost the previous investors
paid for.

5) a € A={0,1} denotes the investment decisions of inves-
tors. a=1 stands for the decision to invest and a=-1 for
decision not to invest.

6) The information set of investor i is observed in front of
all his investment decisions h =(a,a,,---,a_,) of investors
and their private information. Section i of the public belief
4 =P(v=1h), that investment in the historical conditions
h, , we get the probability of good investment results.

7) Investors using negative exponential utility function, the
choice to buy private information, risk aversion returns to in-
vestors depends on information costs, investment decisions and
investment results , defined as follows:

u (a,c,v)=—e" —g

In the case of uncertain future, investors expected return is
conditional expectation of u,(a;,c;,v) under the condition of
the information set.
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:P(sizl\hi)xE[u a,,c,,v‘h,,s,_ ]
+P(s =-1h ) xE[u (a,c.v)|h.s = -1]
where
-1-c, a, =0
Eu,(a;,c,v) {E[( W)hus.J a1

= P(V =l‘ hi,Si)x(—e"m)-p P(\/ = _]_J hi,Si)X(—e“x(’l))

Without purchasing information, the risk aversion of inves-
tors expected return is:

E[ui“(ai,v)

-1, a=0
iJ_{E[(—e”‘v)hi] a=1
h.J= P(v=1h)x(-e)+P(v=-1h)x(-€)

=4 ><(—e"’)+(l—yi)><(—e“)
=(e"—e)xy —e"

e[(-+)

Risk-Averse Investors Decision Analysis

After comparing the purchase information and do not pur-
chase information expected return, risk averse investors before
deciding whether to buy information. This section uses the
Bayesian algorithm and the inductive method to analyze inves-
tors optimal information cost and make the optimal investment
decisions to maximize the expected return.

The First Risk Averse Investor’s
Investment Decisions Al

In order to analyze the first investor risk aversion Al invest-
ment decisions, you first need to discuss the situation given
information costs, and then further discuss the best information
costs.

Case Given Information Costs

Information costs are assumed, the signal accuracy is. Ac-
cording to Bayes rule, in the purchase of information, the first
investor risk aversion investment results Al update their beliefs
as:

P(v=1h,s =1)

P(h,s,=1v=1)P(v=1)
P(h,s,=v=1)P(v=1)+P(h,s =1jv=-1)P(v=-1)
= p(Cl)
P(v=1h,s,=-1)=1-p(c)
)
If you get a good signal Al, then Al investment results are
good update belief; if Al get is bad signal, then the result is

good for investors Al updated belief. Al in getting a good sig-
nal and bad signal to make investment decisions after the ex-
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pected benefits are:
E[u,(a =1c,v)/h,s =1]
=E[(-e)/hn,s, =1] -,
=P(v=1h,s =1)x(-e") )
+P(v=-1h,s, =1)x (—e"’x(’l)) -,

=p(e)x(-e ) +[1-p(e)]x(-e) ¢

€[ (o ~1e, V], =]
— |: —axv h1 S :—l:|
P(v 1h,s, _—1) ( *M) ©)
+P(v=-1h,s =-1)x(-e V),
e

~[1 Bl (e ™) ple)( ),

There
E[u, (¢ v)h,s =-1]<E[u(a =0,c.v)hs |=-1-¢,

So ended the first Al in investor risk aversion will not be a
bad signal for investment.
Proposition 1 Assume

1
ES p(c)<1,

then
E[ul(al,cl,v)‘ h.s, :1} >-1-c,.

Proposition 1 is true can guarantee a good signal was ob-
served after the first risk averse investor must invest Al. Oth-
erwise, regardless of the resulting signal Al is good or bad, Al
will not invest, so that investors behind the A1 will not be able
to grasp the behavior of their access to real information. The
second risk averse investors A2 and Al will face the same situ-
ation, so A2 would not choose to invest, and after that all in-
vestors will not invest. Thus, if Proposition 1 is false, no one
making investment decisions, and no one involved in the deci-
sion-making model.

Proposition 1 is equivalent to

a

Intuitively, since investors are risk averse, the accuracy of
the signal must be larger to ensure investors.

In the case of Proposition 1 is true, A1 will make investment
decisions according to its private signal, that is, while getting
good signal (s, =1), Al decided to invest in (a, =1); For the
bad signal (s, =-1), Al decided not to invest (a, =0). Al in
getting a good signal and bad signal the expected benefits re-
spectively is:

E[ul(allcllv)‘hllslzq
=p(c)x(-e*)+[1-p(c
=p(c)x(e —e“)-e"—¢

E[ul(al,cl,v)\hl,s1 = —1} =-1-c

=T
e
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The first risk aversion investor, the probability of obtaining
good signals and bad Al were 50%, therefore, Al expected
return after purchase information is:

Eu(a,6.v)h.s ]
=P (s, =1h)x E[u,(a,¢.v)|h,5 =1]
+Ps=n)xE[u(@avhs=-1]  ©

:%x[p(cl)x(e“ —e )¢ —c1]+%[—1—c1]

e’ —e™” @41
G

If Al chooses not to purchase information, the Al for invest-

ment results for the good faith is the public belief, i.e. g, :%,

the Al earnings should be:

E[uﬂ(ew)hl]%{(‘af)—e“};x(—l)
__e” +e“+2
B 4

Thus, when E[ul(al,cl,v)‘ hl,sl] > E[ulN (al,v)‘ hlJ
Namely,

(e"—e")

N (C)_c_e"+l>_e"+e’“+2
2 Ple)=a-= 4
(e —e)x p(cl)—ch—ea_ .o
2¢c, 1
- -=>0
A p(Cl) ea _eﬂz 2 >

The first risk averse investors Al is willing to buy private
information.

Lemma 1

Assum p'(c)>0,

p[ea ;ea]sl ([w{o,ea ;EQD),

if and only if

xc 1 >0,

e —e“ 2

the first risk aversion investor Al purchases information.
Proposition 2
Assume dc,s.t.

3c:p(c)-

and

3C€|:0,e e },p(e —€ ]sl.
4 4

Under the conditions in Lemma 1, Proposition 2 is true
guarantee of a risk averse investor Al never buys a private
message. If Al is not purchasing information, then the result is
good for investment belief is 0.5, the probability of investment
is 0.5. So, Al investment decisions investors will not give back
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any of the information transmitted, the second investor risk
aversion and Al A2 facing the same situation, empathy, A2,
and behind all investors will not buy information, which model
loses significance

Optimal Cost of Information
While purchasing information, Al faced with the expected
return on the following maximization problem:

max: p(c,)— 20{ _1
o e ©6)
s.t.:p(cl)—i—1>0,p(cl)sl,clzo
e’ —e " 2
Al Optimal information cost ¢, meet
g 2
p(cl)_ea_efa '
or p(c)=1 and
0<c <S8

At the same time, the optimal investment decision Al is
make decisions according to their private signals, namely when
the it gains signal (s, =1), Al decided to invest (a{:l);
when it gets bad signal, Al decided not to invest.

The Second Investor Risk Aversion
A2 Investment Decisions

The second risk averse investors A2 according to the optimal
information cost ¢, of Al, can be speculated that Al signal
accuracy.

First, assume that A1 decided to invest (a; =1), this means
that the Al has good signal (s, =1). So A2 in'the purchase
information, update beliefs about investment results, also is the
second period public faith s, :

#,=P(v=1lh)=P(v=1ja =1)=p(c])
. 1-e” 0
p(c)> e

So, in the absence of purchase information, the second risk
avoidance investors A2 the optimal decision is a choice, and A2
after investment earnings are expected to be:

E[uzN (a,=1v)| hz]z(e“ —e)xp(g)-e">-1

Then, the second risk aversion investor A2 in buying infor-
mation and not to buy the expected return of the comparison. If
the given information for cost, when the A2 is a good sign, she
updated belief as the result of the investment:

P(v=1lh,s,=1)
~ P(h,.s, =1v=1)P(v=1)
~ P(h,s,=1v=1)P(v=1)+P(h,s,=1v=-1)P(v=-1)
p(cl*) p(c,)
p(c,)p(c))+[1-p(e,)][1- p(c))]
p(c)p(c,) 1

= > —.

1-p(c;) - p(c,) +2p(c,)p(c)) ~ 2
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A2, therefore, decided to invest in.
When the A2 is bad signal, she updated belief as the result of the investment:

P(h,.s, =—1v=1)P(v=1)
P(h,,s, =—1v=1)P(v=1)+P(h,s,=-1v=-1)P(v=-1)
(*)[1—9021 _ ()[1 p :)]
[p(e)]o(e)+ p(e)[1-p()] p(e)+ple.)-2p(c)p(c

When p(cl*) > p(c, ), the value is more than % , A2 decided to invest in; Otherwise, not investment.

P(v=1h,s,=-1)=

The second risk aversion investor A2, the probability of obtaining good signals and bad, respectively is:
P(s,=1h,)=1-p(c;)- p(c,)+2p(c,) p(c)
P(s,==1h,)=p(c;)+ p(c,)-2p(c; ) p(c,)
After the purchase information, A2 expected return is:
E[uz(az,cz,v)‘ hz,szJ =P(s,=1h,)x E[uz(az,cz,v)‘ h,.s, =1J+ P(s, =-1h,)x E[uz(az,cz,v)‘ h,,s, :—1}

where

E[uz(az,cz,v)‘hz,s2 =—1J =-1-c,

When p( ) p( ,) , that is, the second risk aversion investor A2 signal is not the first risk aversion investor Al signal accu-
rately

E[uz(az,cz,v)\ hz,szjz(e" —e“)xp(c)-e“ —c,.

A2 buys private information after the expected return (e" —e*“) X p(cf ) —e” —¢,, less than expected earnings of not to buy pri-

vate information
el ut (@] =(e o) p(c) e

A2 will not buy private information, therefore, A2 will fully believe that the signal Al and follow Al investment decisions.
When p(c;)<p(c,),

E[uz(az,cz,v)‘hz,sz]: P(s2 :uhz)x{pga)p(mx(_eM)J{l_M}(_eaX(l))_CZ}Jr p(s2 =1 hz)x(—l—cz)
=(2-e"—e)xp(c;) p(c,) +(e” —1)x p(c; ) +(e” =1)x p(c,) - ¢, -

Only when E[uz(az,cz,v)‘hz,sz]>E[uzN(az,v)‘hz]that is

(2-e“—e)xp(c;)p(c,) + (e =1)x p(c; ) +(e“ 1) x p(c,)—¢, >0=>(2—e“ —e ™) + (e —1) +(e" -1)—¢, > 0=¢, <0,

The second risk avoidance investors A2 will buy private information, and according to its private signal making investment deci-
sions. Obviously, A2 buy private information conditions cannot be met.

So when p(cl*) < p(cz) , A2 will not purchase information. Synthetically the above two kinds of circumstances, if the first risk
aversion investor Al bought the most accurate information and investment, then the second risk aversion investor A2 will follow Al
investment decisions.

Next, the discussion on the first risk-averse investors Al do not invest. If the Al is not investment (al* = 0), so that she will get
the bad signal (s1 = —1) . A similar analysis can get the condition of second risk averse investors A2 buy private information is:

(2-e“—e)xp(c))p(c,)+(e“ —1)x p(c; ) +(e“ 1) x p(c,) ¢, >0

Also shows that A2 can be not buy private information, A2 will follow A1’s decision and choose not to invest, the expected return
to A2.

E[uz“‘ (3, =0) hz] =-1
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Therefore, whether the first risk averse investors whether Al
investment, second risk averse investors A2 will not purchase
information, private information A2 can take full advantage of
Al buy, and follow Al’s investment decision.

Investment Decision No.N Risk
Averse Investors in AN

We can use similar methods to analysis behind all the risk
averse investors. Investment behavior if the second risk averse
investors A2 not buy private information and imitate A1, A2
behavior cannot risk on the back of the investors to avoid any
information reveals the role of. Then, the third risk averse in-
vestors A3 is facing the same situation and A2, A3 and A2 will
make the same decision, which mimics the first risk averse
investors Al investment behavior without the purchase of pri-
vate information. Next, A4, A5... AN will make the same deci-
sion. So, all investors are behind the first risk averse investors
follow Al behavior, and will not buy private information.
Therefore, information diffusion and herding from second risk
averse investors A2 began.

Conclusion

This paper, based on the BHW model, considering the char-
acteristics of investors in financial markets, risk aversion, and
the introduction of information cost, discusses the risk investors
herd behavior based on information cost. Through the research
of risk averse investors found, only the first risk averse inves-
tors are willing to buy information, the optimal information
costis c;, and meet:

or p(c;)=1 and
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e“—e“

0<c <

Starting from the second risk aversion investor, all the risk
aversion of investors behind will not purchase information, and
follow the first risk aversion of investors behavior. In addition,
the information cost and risk aversion of investors decision-
making model, information diffusion and herd behavior will
occur, and from the second risk avoidance investors are starting
to happen.
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