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Abstract 
Based on two different risk measurement criteria, this article studied the op-
timal hedging strategies of stock index futures in the case of asymmetric in-
formation, and discussed the influence of insider information on the hedging 
effect. Through simulation analysis, it can be shown that hedging people with 
insider information can save hedging costs to a certain extent, which also ex-
plains the reason why investors try to obtain corporate information in actual 
investment activities. 
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1. Introduction 

Information asymmetry means some investors can own insider information 
while others can’t. If one can acquire insider information about some enterpris-
es, she will win a penny; thus, striving to acquire insider information becomes 
many investors’ investment focus; accordingly, hedging with insider information 
also receives attention from researchers. For example, Anna A. et al. [1] studied 
superhedging for contingent claims under insider information situation, in their 
research; Anna A. et al. considered two agents, one who only observes the stock 
prices and another with some additional information, and investigated when the 
pricing-hedging duality for the former extends to the latter. Eyraud-Loisel A. 
and Royer-Carenzi M. [2] studied the American option hedging by an insider by 
using the backward stochastic differential equations; they proved the existence 
and uniqueness of backward stochastic differential equations solutions, when 
terminal time was random, under an initially enlarged filtration. Klusik P. et al. 
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[3] considered the problem of the quantile hedging from the point of view of a 
better informed agent acting on the market. Schweizer M. et al. [4] solved the 
problems of mean-variance hedging (MVH) and mean-variance portfolio selec-
tion (MVPS) under restricted information. Biagini and Oksendal [5] studied in-
sider’s variance-minimizing hedging under diffusion settings. Subsequently, Bi-
agini and Oksendal [6] also investigated the same problem with stochastic 
integral method. Lee K. and Song S. [7] studied locally risk-minimizing hedging 
problem under jump-diffusion process, in which the Poisson’s intensity is driven 
by insider information. Yan H.F. et al. [8] assumed that there is additional mar-
ket information in the financial market and considered the mixed hedging prob-
lem. Yang et al. [9] [10] respectively studied the shortfall-risk minimizing hedg-
ing and quadratic hedging for contingent claims under insider information situ-
ation and respectively acquired hedging strategy expressions.  

However, throughout the above-mentioned literatures, though research on 
insider’s hedging has been deeply studied and many research findings have been 
acquired, most are restricted to theoretical research and the optimal hedging 
strategy expressions comprise components hard to be measured in practical 
hedging.  

In this paper, assuming the underlying asset price evolving as a jump-diffusion 
process, we aim to study the hedging strategies under asymmetric information 
situations and try to give an explicit solution to the optimal hedging strategy of 
insiders; then, we also discuss the effect of insider information to the hedging 
effect. 

The remainder of this paper is organized as follows. In the next section, we 
simply introduce the market model and some definition and signs. In Section 3, 
we will discuss the hedging questions with different risk-measuring criteria for 
insiders and general hedgers and empirical analysis based on simulation method 
is proposed in Section 4, while discussion and conclusion in Section 5. 

2. Some Preliminaries 

Hypothesis: In this paper, assuming the underlying asset price evolving as a 
jump-diffusion process, we study hedging strategies under asymmetric informa-
tion situations and discuss the effect of insider information to hedging effect. 

Let ( ), ,F PΩ  be a complete probability space with filtration ( ) [ ]0,t t TF F
∈

=  
and the nonnegative price of risky asset ( ) [ ]0,t t TS S

∈
=  be adapted to F, as to any 

stochastic sequence ( ) 0,1, ,t t Ts s
=

=


, ( )sΘ  denotes a sequence space consisting 
of respected stochastic sequence ( ) 0,1, ,t t Tϑ

= 

 with ( )2 , 0,1, ,t ts L P t Tϑ ∆ ∈ =  . 
In order to measure the asymmetry of the financial market information, in 

this paper, we assume that TF -measurable random variable tl  denotes insider 
information, such as risky asset’s price or its fluctuation range, or an impulse to 
risky asset’s price. Thus, as for insiders, their acquired information set is en-
larged information flow ( ):t t tG F lσ= ∨  and for insiders, the risky asset price 
evolves as 
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( ) ( ) ( )
( )

1
d d d d 1

N t
l l

t t t t i
i

S S t W l Vµ σ
=

  
= + + + −      

∑             (1) 

There, we assume the insider information tl  obey to some certain distribution, 

( )2ln ~ ,i i J JY V N µ σ=  and { }, 1,2,iY i =   is independent and identical distri-
bution, ( )N t  is a Poisson process with Poisson’s intensity λ . 

About Equation (1), it can be solved as  

( ) ( )
( )22

1
1

exp
2

N t
l l

n n i t
i

S S t t Y lσµ σ ε
∆

− ∆
=

   = − ∆ + ∆ + +  
   

∑ ,  where ( )~ 0,1Nε  is a  

standard normal variable. In fact, Equation (1) also denotes the risky asset’s 
price process of general investors if let 0tl ≡ . 

Thus, we can call a 2-dimension stochastic process ( ) 0, , 1,t t t Tϕ ϑ δ
= −

=


 an in-
vestment strategy, which follows as 

( ) ( )2:t t t t tV S B L Pϕ ϑ δ= + ∈                    (2) 

where ( ),t tϑ δ  denotes the hedging positions held at time t, and tB  denotes 
the riskless asset’s price, which evolves as d dt tB rB t=  (where, r is riskless in-
terest rate). 

Furthermore, we call it a self-financing strategy when  
( ), , 0, , 1t t t Tϕ ϑ δ= = −  satisfies 

1 1 1 1 1 1t t t t t t t tS B S Bϑ δ ϑ δ+ + + + + ++ = +                 (3) 

As a matter of convenience, we equidistantly divide the hedging horizon [ ]0,T  
with time step size t T N∆ =  and let ( ) ( ): , 0,1, ,l l

n n tS S n N∆= =   denote risky 
asset price at moment t n t= ∆ . 

3. Hedging Strategies 
3.1. Quadratic Hedging Strategies of Insider and General Hedger  

Suppose an investor has initially written a share of Stock Index Future with 
striking price K and T horizon, in order to minimize the terminal squared error 
between value of hedging portfolio and contingent claim, she hedges by 
self-financing at discrete time { }0,1, , 1T − , thus, the hedging model is as fol-
lowing 

( )
( )

( ) ( )
0 1

2

, ,

1 1 1 1 1 1

min

s.t.
0, , 1

N
N N

l l
n n n n n n n n

E V H

S B S B
n N

ϕ ϕ
ϕ

ϑ δ ϑ δ
−

+ + + + + +

 −  
 + = +
 = −





              (4) 

There are ( )( )l
N NH S K

+
= − , and ( )

1 1
l

N N N N NV S Bϑ δ− −= + . 
Assume all assets’ prices are discounted. According to dynamic programming 

and with backward recursion method, we can solve (4) as following 
At time ( )1t N t= − ∆ , there is 

( )
1

2
1min |

N
N NE V H F

ϕ −
−

 −   
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( )( )
( )( )

1

1

2

1 1 1

2

1 1 1

min |

min |

N

N

l
N N N N N

l
N N N N

E S B H F

E V S H F

ϕ

ϕ

ϑ δ

ϑ

−

−

− − −

− − −

 = + −  
 = + ∆ −  

             (5) 

Denote 
( )22

1
:

2

N t

t i
i

Z t t Yσµ σ ε
∆

∆
=

 
= − ∆ + ∆ + 
 

∑ , then  

( ) ( ) ( ) ( ) ( )( )1 1 e 1tZ ll l l l
N N N NS S S S ∆ +

− −∆ = − = − , 

and solving (5), then let 

( )( )
( )( )

( )( ) ( )

2

1 1 1
1

2

1 1 1
1

1 1 1

|

|

2 |

0

l
N N N N

N

l
N N N N

N

l l
N N N N N

E V S H F

E V S H F

E V S H S F

ϑ
ϑ

ϑ
ϑ

ϑ

− − −
−

− − −
−

− − −

∂  + ∆ − ∂  
∂  = + ∆ − ∂  

 = + ∆ − ∆ 
=

 

There is, 

( )( ) ( )( )
( ) ( )( )

( )

1 1 1*
1 2

1 1

*
* 1 1 1

1
1

e 1 | e 1 |

e 1 |

t t t t

t t

Z l Z l
N N N

N
Z ll

N N

l
N N N

N
N

E H F V E F

S E F

V S
B

ϑ

ϑδ

∆ ∆ ∆ ∆

∆ ∆

+ +
− − −

−
+

− −

− − −
−

−

    − − −    =   −   


− =

   (6) 

and 

( ) ( )

( ) ( )( )
( )( )

1

2
1 1

22 *
1 1 1 1

22 *
1 1

1, : min |

|

|

N
N N N

l
N N N N N

l
N N N

J N V E V H F

V H E H S F

E H S F

ϕ

ϑ

ϑ

−
− −

− − − −

− −

 − = − 

 = − + − ∆  
 − − ∆  

    (7) 

Substituting (6) into (7), there is 

( )
( )( )

( )( )

( )
( )( ) ( )( )

( )( )

( )
( )( )

1

2
12

1 2

1

1 1

1 1 2

1

2
12

1

1,

e 1 |
1

e 1 |

e 1 | e 1 |
2 |

e 1 |

e 1 |
|

t t

t t

t t t t

t t

t t

N

Z l
N

N
Z l

N

Z l Z l
N N

N N
Z l

N

Z l
N

N

J N V

E F
V

E F

E H F E F
V E H F

E F

E H F
E H F

E

∆ ∆

∆ ∆

∆ ∆ ∆ ∆

∆ ∆

∆ ∆

−

+
−

−
+

−

+ +
− −

− −
+

−

+
−

−

−

  −   = − 
  −    

    − −     − − 
  −    

 − + −
( )( )2

1

2
1 1 1 1 1

e 1 |

2

t tZ l
N

N N N N N

F

a V b V c

∆ ∆+
−

− − − − −

 −  
= − +
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where, there are 

( )( )
( )( )

2
1

1 2

1

e 1 |
1

e 1 |

t t

t t

Z l
N

N
Z l

N

E F
a

E F

∆ ∆

∆ ∆

+
−

−
+

−

 − = −
 −  

 

( )
( )( ) ( )( )

( )( )
1 1

1 1 2

1

e 1 | e 1 |
|

e 1 |

t t t t

t t

Z l Z l
N N

N N
Z l

N

E H F E F
b E H F

E F

∆ ∆ ∆ ∆

∆ ∆

+ +
− −

− −
+

−

   − −   = −
 −  

 

( )
( )( )

( )( )

2
12

1 1 2

1

e 1 |
|

e 1 |

t t

t t

Z l
N

N N
Z l

N

E H F
c E H F

E F

∆ ∆

∆ ∆

+
−

− −
+

−

 − = −
 −  

 

Just as acquiring ( )* *
1 1,N Nϑ δ− − , with constraint of self financing, at  

, 2, ,0t n t n N= ∆ = −  , there are 

( ) ( )
( ) ( )

( )

1 1*
2

1

*
*

e 1 | e 1 |

e 1 |

t t

t

Z Z
n n n n n

n l Z
n n n

l
n n n

n
n

E b F V E a F

S E a F

V S
B

ϑ

ϑδ

∆ ∆

∆

+ +

+

    − − −    =
  −   
 − =


        (8) 

where, there are 

( )
( )
( )

2
1

1 2

1

e 1 |
|

e 1 |

t

t

Z
n n

n n n
Z

n n

E a F
a E a F

E a F

∆

∆

+

+

+

 − = −
 −  

 

( )
( ) ( )

( )
1 1

1 2

1

e 1 | e 1 |
|

e 1 |

t t

t

Z Z
n n n n

n n n
Z

n n

E a F E b F
b E b F

E a F

∆ ∆

∆

+ +

+

+

   − −   = −
 −  

 

( )
( )
( )

2
1

1 2

1

e 1 |
|

e 1 |

t

t

Z
n n

n n n
Z

n n

E b F
c E c F

E a F

∆

∆

+

+

+

 − = −
 −  

 

( ) ( )* *0
0 1 1

1 10

n n
l l

n i i i i
i i

bV V S S
a

ϑ ϑ− −
= =

= + ∆ = + ∆∑ ∑  

In fact, if let 0l ≡ , then, (8) denote the quadratic hedging strategy of general 
hedger. 

3.2. Risk Minimizing Hedging Strategies of Insider and General  
Hedger 

The quadratic hedging are restricted with self-financing, in this subsection, we 
relax self-financing constraint and study risk-minimizing hedging problem, 
which try to minimize the terminal squared error with following optimizing 
model (9) 
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( )
( ) ( )( )

( ) ( )( )

2

,
min |

s.t.

0,1, , 1

n n
N n n

l
N N

E C C F

V H S K

n N

δ θ
ϕ ϕ

ϕ
+

  −
  

 = = −
 = − 

              (9) 

In (10), ( ) ( )N nC Cϕ ϕ−  denotes the future cost increment of strategy ϕ   

and 
( )

( ) ( )( )2
min |N n nE C C F
ϕ

ϕ ϕ −
 

 substantially minimizes the conditional  

variance of the cost increment. Just as before, with discounted asset prices and 
with constraint of ( )NV Hϕ = , there is 

( ) ( ) ( ) ( )1
1

N
l

N n i i n
i n

C C H S Vϕ ϕ ϑ ϕ−
= +

− = − ∆ −∑          (10) 

In fact, the cost process of risk-minimizing hedging is a martingale. Thus, the 
optimal hedging strategy ( )* *,n nϑ δ  for (10) may be acquired by solving (11) as 
below 

( )
( ) ( )( )

( ) ( )( )

2
1,

min |

s.t.

0,1, , 1

n n
n n n

l
N N

E C C F

V H S K

n N

δ θ
ϕ ϕ

ϕ

+

+

  −
  

 = = −
 = − 

             (11) 

In fact, because ( ) ( ) ( ) ( ) ( )
1 1 1

L
n n n n n nC C V V Sϕ ϕ ϕ ϕ ϑ+ + +− = − − ∆ , there is 

( )
( ) ( )( )

( )
( ) ( )( )

( )
( ) ( )( )

2
1,

1,

1 1,

min |

min |

min |

n n

n n

n n

n n n

n n n

L
n n n n

E C C F

Var C C F

Var V S F

ϑ δ

ϑ δ

ϑ δ

ϕ ϕ

ϕ ϕ

ϕ ϑ

+

+

+ +

 −
 

 = − 

 = − ∆ 

            (12) 

where, there is ( ) ( )
( )22

1
1

exp
2

N t
l l

n n i t
i

S S t t Y lσµ σ ε
∆

− ∆
=

   = − ∆ + ∆ + +  
   

∑ , and de-

noting  

( )22

1
:

2

N t

t i
i

Z t t Yσµ σ ε
∆

∆
=

 
= − ∆ + ∆ + 
 

∑ , then, ( ) ( ) ( ) ( ) ( )( )1 1 e 1t tZ ll l l l
n n n nS S S S ∆ ∆+

− −∆ = − = −  

At time ( )1T N t= − ∆ , i.e., 1n N= − , under the constraint of NV H= , we 
can solve (12) and there is 

( )
( )

( )( )

1
1

1 1

1 1
1

1

,e |

e |

e |

t t

t t

t t

Z l
N

N Z l
N N

l Z l
N N n

N
N

Cov H F

S Var F

E H S F

B

ϑ

ϑ
δ

∆ ∆

∆ ∆

∆ ∆

+
−

− +
− −

+
− −

−
−


 =



−
=



              (13) 

Next, making use of the martingale character of hedging cost process with risk 
minimizing optimizing object, at 2, ,1,0n N= −  , we can recursively solve (12) 
and there are 
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( ) ( )

( )( )
( ) ( )

1

1 1
1

1

1

1 1
1

1

, |

|

|

N
l l

j j n n
j n

n l
n n

N
l l

n n j j n
j n

n
n

Cov H S S F

Var S F

E H S S F

B

ϑ
ϑ

ϑ ϑ
δ

−

+ +
= +

+

−

+ +
= +

+

  
− ∆ ∆  

  = ∆

  

− − ∆ 
  =



∑

∑
             (14) 

In fact, if let 0l ≡ , (14) denotes the quadratic hedging strategy of general 
hedger. 

4. Numerical Example 

In this section, taking example for hedging for Stock Index Future with 3-month 
maturity, we compare and analyze the hedging effect of insiders and general 
hedgers. Let underlying asset’s initial price 0 100S = , striking price of Stock In-
dex Future 100K = , 0 100B = , and riskless interest rate 0.36%r = , parame-
ters of jump-diffusion process as 0.001µ = , 0.1σ = , 0.05λ = , 0Jµ = , 

0.1Jσ = .  
Furthermore, we respectively assume the insider information ( )2~ ,l ll N µ σ  

and ( ) { } { }
1 2

1 20 0~ e el l
l ll f l p qη ηη η−
≥ <= ⋅ Ι + ⋅ Ι  with 0p > , 0q >  and 1p q+ = . 

As to two different hedgers, we denote 
Strategy Outsider: general hedger who hedges respectively according to (8) 

sand (14) with 0l ≡ . 
Strategy Insider: insider who hedges respectively according to (8) and (14). 
Then, we can respectively calculate the total hedging costs and total hedging 

error for insider and general hedger just following (15) and (16) 

( ) ( ) ( ) ( )
1 1

1 0 0 1 1
0 1

N N
l l l l

i i i i i N N
i i

H S f S S Sϑ ϑ ϑ ϑ ϑ
− −

+ − −
= =

 − ∆ + + − + 
 

∑ ∑       (15) 

There, 0.0005f = , denoting the transaction commission rate of riskless asset. 

NH V−                             (16) 

Table 1 and Table 2 respectively show the total hedging cost and total hedg-
ing error of insider and general hedger with quadratic hedging criteria, when 
Table 3 shows the total hedging cost of insider and general hedger with 
risk-minimizing hedging criteria, because of the constraint of ( )NV Hφ = , the 
hedging error of both insider and general hedger with risk-minimizing hedging 
criteria equal to zero.  

From Tables 1-3, we can see that, insiders can not only save hedging costs, 
but also reduce hedging losses. For example, under quadratic hedging criteria, 
inside information hedgers can respectively save hedging costs by 0.21% - 0.7% 
and reduce hedging error by 1.29% - 1.67% under quadratic hedging criteria 
(seen in Table 1 and Table 2). Under risk-minimizing hedging criteria, the 
hedging error is zero for both insiders and ordinary hedgers, but inside informa-
tion hedgers can save hedging costs by 0.46% - 1.17%. 
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Table 1. Total hedging cost of insider and general hedger (quadratic hedging criteria). 

Strategy 
adjustment 
frequency 

General hedger 

Insider 

l:normal distribution with 
0lµ =  

l:double exponential distribution with 
1 2p q= =  

0.1lσ =  0.2lσ =  1 21.5, 1η η= =  1 23, 1.5η η= =  

Daily 4.27 4.26 4.24 4.25 4.26 

Weekly 4.22 4.21 4.20 4.20 4.21 

Biweekly 4.20 4.19 4.17 4.18 4.18 

 
Table 2. Total hedging error of insider and general hedger (quadratic hedging criteria). 

Strategy 
adjustment 
frequency 

General 
hedger 

Insider 

l:normal distribution with 
0lµ =  

l:double exponential distribution with 
1 2p q= =  

0.1lσ =  0.2lσ =  1 21.5, 1η η= =  1 23, 2η η= =  

Daily 2.31 2.31 2.28 2.30 2.31 

Weekly 2.36 2.35 2.32 2.33 2.34 

Biweekly 2.39 2.38 2.35 2.36 2.36 

 
Table 3. Total hedging cost of insider and general hedger (risk-minimizing hedging cri-
teria). 

Strategy 
adjustment 
frequency 

General hedger 

Insider 

l:standard distribution 
with 0lµ =  

l:double exponential distribution with 
1 2p q= =  

1lσ =  2lσ =  1 21.5, 1η η= =  1 23, 1.5η η= =  

Daily 4.32 4.30 4.27 4.27 4.28 

Weekly 4.29 4.27 4.24 4.24 4.26 

Biweekly 4.26 4.25 4.21 4.21 4.22 

5. Conclusions 

In this paper, we studied the hedging problems with two different risk-measuring 
criteria for insiders and general hedgers. First, based on the analysis of insider 
market information, we construct a jump-diffusion model to depict risky asset 
price process, then, in virtue of dynamic programming, and backward recursive 
method, we solve hedging problems for insiders and analyze the influence of in-
side information on hedging effect. 

Table 1 and Table 3 indicate that insiders can save hedging cost to a certain 
extent for owning some insider information than those investors who are out-
siders. From Table 1 and Table 3, we can detect that, for quadratic hedging and 
risk-minimizing hedging, insiders can save hedging cost about 0.21% - 1.17% 
than outsiders. At the same time, we can also see from Table 2 that the total 
hedging error of insider with risk-minimizing hedging criteria is small than that 
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of general hedger. By this token, whether owning additional insider information 
is a crucial factor for investors to succeed or not, which is one reason why many 
people strive to defraud enterprise information.  

So, to supervisory board, to reinforce insider information management is a 
necessary and important method to ensure fair transaction and domestic finan-
cial market’s healthy development. For example, the legislative branch can re-
strict the leakage of inside information and prevent insider trading through leg-
islation. Law enforcement or regulatory authorities may impose corresponding 
penalties on insider traders. For traders, they must consciously abide by the rules 
of the transaction and jointly maintain the fairness of the transaction. 

All in all, this paper studied the hedging problem under the condition of 
asymmetric information, and gave the analytical formula of the optimal hedging 
strategy under the square hedging criterion and the risk minimization hedging 
criterion for inside information hedgers and general hedgers. However, because 
the minimum loss hedging criterion is non-differentiable, the limitation of this 
research is that this article has not conducted research on the optimal hedging 
strategy under the minimum loss criterion, which is also one of our future re-
search directions. 
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