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Abstract— We analyze a two-period model with two kinds of hedgers who have different kinds of
non-tradable risky asset to hedge. For holding the asset whose payoff is related to a tradable risky asset,
they can derive some different private information about this tradable risky asset. Both hedgers have
demand to buy risky asset for the purpose of speculating and hedging. In date 1, they get the information

about their non-tradable asset position, private signal of tradable risky asset’ payoff and decide how much

tradable risky asset they want to hold. They can estimate each other’s private information through

equilibrium price. We also measure the information passing effect of price.

Keywords— Hedgers Competition, Private Information, Equilibrium Price.

l. INTRODUCTION
In financial market, we can always see different investors
trade in a kind of tradable risky asset to hedging the risk
exposure which brought by holding the illiquid asset. For
instance, in future market, different participants have
different hedging demand. They use future to hedge the
loss that price volatility of their position leads. Such as
farmers enter the crops future market and short it to avoid
the loss that crops price decreases. Meanwhile, big
restaurants and food manufacturers enter the crops future
market and long it to avoid the loss that crops price
increases. They may also have speculation demand to take
more risk through future market if they can accurately
estimate the changing of future price. Because of holding
different illiquid asset, they can gain some private
information that counterparts do not know. To illustrate,
farmers can better understand the weather, fertilize, and
some other factors which can influence the supply of crops
and influence the future price further. As for those who
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long crops future, they may have more insight into the
demand of crops which influence crops future price. Thus,
the hedgers may have different private information
according to the payoff of tradable risky asset. Hedgers do
not know each other’s private information about risky
asset’s payoff, they also do not know how many
non-tradable assets their counterparts need to hedge.
Through market clearing, they can gain some information
about counterparts’ private signal and their personal
holding from equilibrium price. The relativity between
tradable risky asset and non-tradable asset can either be
positive and negative. We not only analyze hedgers’
hedging demands, we also analyze their speculation
demands. And we study the price informativeness and
what factors influence the information learning accuracy.
In our paper, we analyze a two-period model with two
kinds of hedgers who have different kinds of non-tradable
risky asset to hedge. For holding the asset whose payoff is
related to a tradable risky asset, they can derive some
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different private information about this tradable risky asset.
Both hedgers have demand to buy risky asset for the
purpose of speculating and hedging. In date 1, they get the
information about their non-tradable asset position, private
signal of tradable risky asset’ payoff and decide how much
tradable risky asset they want to hold. They can estimate
each other’s private information through equilibrium price.
We also study what factor influence the information
passing effect of price and risk premium.

This paper is organized as follow. In section 2, literature
review is given. In section 3, we introduce the model
setting and assumption. In section 4, we define the market
equilibrium and analyze how hedgers learn from market
price and make their decision. In section 5, we study how
equilibrium price is determined and the factors that
influence the price. In section 6 and 7, we consider price
informativeness and risk premium respectively. In section
8, we give our conclusion.

1. LITERATURE REVIEW
Liu and Wang (2019) use a random holding non-tradable
asset position and analyze a model with hedgers,
speculators and market maker. The hedgers are endowed
with a random position on a non-tradable risky asset which
is corelated with a tradable asset. They have both hedging
demand speculation demand and speculators only have
speculation demand. Liu and Wang (2016) analyze the
market trading under asymmetric information incurred by
holding a kind of non-tradable asset. Goldstein, Li and
Yang (2014) study a model that different traders have
different investment opportunity. That leads to different
trading purpose in same financial market, some traders
trade for speculation and others trade for hedging. We use
same measure to analyze price informativeness and risk
premium as Goldstein, Li and Yang. Easley, O’Hara and
Yang (2014) study the ambiguity effect of hedging fund
investment strategies on asset price and aggregate welfare
by letting correlation between asset be unknown to opaque
traders. Grossman and Stiglitz (1980) give a fundamental
framework of the CARA-normal REE model. Admati
(1985) study multiple risk asset and their interaction and
analyze a noisy expectation equilibrium. Huand Qin (2013)
analyze welfare effect of information acquisition in a
competitive financial market with diverse information and
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rational expectation. Bessembinder (1992) studies the
relation between agricultural future return and hedgers’
holding.Biais, Bossaerts and Spatt (2010) study the
implications of information asymmetric for equilibrium
asset pricing and portfolio choice both theoretically and
empirically. Easley and O'hara (2004) analyze the
influence of information on cost of capital.

We introduce a model that both participants have hedging
demand, and there exists asymmetric information but no
one have an information advantage. Investors use their
own private information and equilibrium price to estimate
other information in competitive market.

1. MODEL

We analyze a two discreet periods (date 1 and date 2)
economy and a continuum of hedgers indexed by the unit
interval [0,1]. There exist two kinds of hedgers labeled
type 1 and type 2, which are endowed with different kind
of non-tradable risky asset 1 and asset 2 respectively. The
fraction of type 1 hedgers is u and thus the fraction of
type 2 hedgers is 1 — u.They all have CARA utility
function with risk aversion coefficient y.There is only one
kind of tradable risky asset (We call it asset m) or may be
optimal market portfolio in financial market.
3.1 Asset
3.1.1 Tradable Asset
Risky asset mis the only tradable asset in the market. And
its payoff ¥ is constituted by five parts: prior belief mean
payoff of asset m ¥, private information for type 1 hedgers
6,, private information for type 2 hedgers 8,, disruption
corelated with asset 1 £, disruption corelated with asset 2
&,, thatis

T=0+60,+0,+& +6&,.
where v >0,
6,~N(0, T41)s 6,~N(0, 04,),€1~N(0,04),8,~N(0,0%).
And they are all independent.

.. ~ . 1 ..
Let precision of 8,be defined as 745, = —-, precision of
61
~ 1 .. ~ ~ 1
0, be 14, =—-, precision of &, & be 7, =—and
962 O¢1

Tgy = érespectively. We let supply of tradable asset be n

unit. The price of asset mpis determined by demand and
supply endogenously.
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3.1.2 Non-tradable Asset
Asset 1 and asset 2 are non-tradable in the financial
market, they can only be held to maturity at date 2 and
realize their payoff. The payoff of asset 1 is i, that
follows N(0,02,). The payoff of asset 2 is #, that
follows N(0,a2,).

The correlation between asset 1 and asset mis p;, the
correlation between asset 2 and asset mis p,. Both
p.and p,belongsto [—1,1].

3.1.3 Free-risk asset

The free-risk asset generates no interest.

3.2 Hedgers

Type 1 hedgers are endowed with X,units of asset 1lat
date 1, type 2 hedgers are endowed with X,units of asset
2.X,and X, follow normal distribution N(0,c%,) and
N (0,02, )respectively. And X,and X,are all independent.

Let precision of X; be 1y, = U% and precision of X,be
X1

Txy =01€. Both types of hedgers born with currency

wealth Wthat can be used to buy asset m. And both types

of hedgers have utility function u=—e‘VWi2, where
W denote the wealth type ihedgers have at date t. Thus,

we have
Wl =w
=ds +dip €Y
W?
=d; 7+ dp; + X1 2

Combine (1)and (2), we have
Wi=d,@-p)+W

+ X1y, 3)
i €{1,2}.
3.3 Information structure
3.3.1Date 1

Type 1 hedger get a private signal 6,and their position on
non-tradable asset 1 X;. Type 2 hedger get a private signal
,and their position on non-tradable asset 2 X,. And they
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make their decisions on how much asset mthey want to
buy according to the private information on 8;, X;and
information derived from equilibrium price p.

3.3.2 Date 2

The payoff of non-tradable asset 1, asset 2, and tradable
asset mis realized.

Iv. LEARNING FROM MARKET AND
EQUILIBRIUM

We first analyze the optimal problem of different type of
hedgers. Through utility maximization conditional on the
information they get, we can get hedgers’ demand function.
They make their demand decision after observing private
signal and their non-tradable asset position. They also get
some information about opponents’ private information
through equilibrium price. We use rational expectation
equilibrium (REE) as equilibrium, as in Grossman and
Stiglitz (1980). In the equilibrium, every hedger has
maximized their expected utility based on their
information set, where type 1 hedgers know F; =
(6,,X,,p}, while type 2 hedgers knowF, = {8,, X, p}.
The price is set to clear the market. Now we derive the
equilibrium in detail.
4.1 Price function
Type 1 and type 2 hedgers trade depending on the
information set F,and F,. Hence, the equilibrium price of
asset m is a function of (0,,8,X,X,) : p=
p(01,0,, X1, X,).

As in the case in most of the literature, we analyze linear
equilibrium, that is the price gis a linear function of
(01,0, %, %,):

p=v+ab, +p0,+EX, +1X,
where the coefficients are determined endogenously.

We start to examine the decision of hedgers which in
turn determine the information determined in the price p.
And then we solve the market clearing equilibrium to find
the equilibrium price and the coefficients in price function.
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4.2 Hedgers’ demand
Type ihedgers have information set F; = {6, X;, p}. Let E;[- |F;]denote the conditional expectation operator on their
information set. They decide how to allocate their wealth in asset mand risk-free asset to maximize their expected utility

E; [—e_ywi2|7’i],

where the wealth of date 2 W?is given by (3). Same type of hedgers will choose same risky asset mand risk-free asset in
their investment because they have same information set. Due to the property of CARA utility function, the initial wealth is
irrelevant to allocation decision. Thus, we transfer maximal problem above into

Speculation demand Hedge demand

~ oY - = o
max d; [E; (D|F;) — p] — > [dfVar;(B|F,) + 2d,X;Covy(¥, | F)] 4)
which equals to
o - Y - .
di[v + 9,: + Ei(g—i|:Fi) - p] - E [diZ(Vari(G_i|Ti) + 0'521 + 0-822) + ZdiXio-sio-uipi]' (5)

The first order condition is
v+ 0, + E((0_|F) — p —v[di(Var;(6_;|F;) + 034 + 62) + Xioei0uipi] =0.  (6)
where —i=2ifi=1—-i=1if i =2.
Through F.O.C, we get the demand function of hedgers typed iis
v+ 0, + Ei(6_,|F;) — P — vXi0:10up;
o y[Var(6_|F;) + 24 + a3)]
_ T+ 6+E0F) - Xi0ci0uip;
yVan(0-|F) + 04 + 03] Van(6.]F:) + 0f + 03
\ Y J | Y }

Observe that the demand is constituted by two parts. The first part originates from gaining benefit through the payoff taken
by asset m, we call it speculation demand. And the second part originates from deducing risk exposure of non-tradable asset
i. Speculate demand depends on the private signal hedgers get, it is always positive because of risk aversion and uncertainty
compensation. Hedge demand depends on the position of hedgers on non-tradable asset and correlation ofpayoff between
asset m and asset i. The signal of hedge demand is determined by position of risk exposure. When X; > 0 and p; > 0,
there is a long position on the asset iand the payoff of asset iis positively related to asset m, then hedgers will buy less asset
mto reduce their risk. When X; > 0 and p; < 0, there is a long position on the asset iand the payoff of asset iis negatively
related to asset m, then hedgers will buy more asset mto reduce their risk. When X; < 0 and p; > 0, there is a short
position on the asset iand the payoff of asset iis positively related to asset m, then hedgers will buy more asset mto reduce
their risk. When X; < 0 and p; < 0, there is a short position on the asset iand the payoff of asset iis negatively related to
asset m, then hedgers will buy less asset mto reduce their risk. And hedge demand is also influenced by volatility of the

()

payoff of asset iand e;.
According to market clearing condition, we have
7+ 0, + E(6,|F,) — p — vX10:0up:
v[Var(8,|F,) + 04 + 03
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v+06,+E, (9~1|Tz) — P —vX20:0up2 _

+(1—p) = 8
v[Var,(61|F;) + 04 + 3] ®
For type 1 hedgers, we have
~ _ Var,(6,|F,) + 634 + o2
0, — Y0:20,202X; = y[ 2( 1|12_)‘u = 52]
7+ 0, + E;(6,|F,) —p — yX,0.0 v+ E,(6,|F,) —p
n—u 1 1( E' 1) pz 1251 u1,01_(1_‘u) ~2( 1| 2)2 p g .(9)
y[Var1(92|T2) +og + 052] ]/[Var2 (91|T2) +o5 + agz]
Let S, =0,+s7'X,, where s, = —ﬁ < 0. Thus, we have E(8,|F,)= ji%iand Var,(0,|0,,X,,p) =
£20u2pP2 2 1 2
_r
T2 +sitxy’
For type 2 hedgers, we have
_ _ vlvar(6,|p) + 64 + o2
01 — V010011 X1 = [ 1( 2| Z = 82]
U+ 0, +E,(0,|p) — b —yX,0.0, v+ E(0,|p) -5
n—(1-p 2 2( 3|P~) Pz 2251 uz,Dz_‘u ~1(~ 2|p)2 p . .(10)
y[Vary(6,|p) + 02 + o} y[Var(8,|p) + 02 + o}
Let $, =0, +s;'X,, where s, = —m < 0. Thus, we have E,(0;|F,) = %and Var,(6,|F,) = m

Through market clearing price, both types hedgers get some information about their counterparts’ private signal and
non-tradable asset position. Therefore, the demands of type 1 hedgers and type 2 hedgers are respectively
~ 2 S ~
v+0;+ % =D —VX10e1041P1
T92+51TX2
d1 = 1 2 2 i (11)
+04 + 082]

4 [Tez"'S%TXz

~ 2 G, ~

v+6,+ % — P —vXi00up;

d, = 017S2TX1 (12)
2 1 2 2 '

+o4 + 082]

14 [191+s§r)ﬂ
4.3 Equilibrium
Definition 1. Given any hedgers constitution proportionuand tradable risky asset supply n, an equilibrium
(d,(6,,X1,P),d2(0,, X5, B), P)is such that
1. Givenany 8, X;,p,d;maximize (4).
2. pmakes market clear, that is
ﬂd1(§1’X1:ﬁ) + (1 - pd; (éz')?z'ﬁ) =n. (13)
We have mentioned that the sum of demands of hedgers has to be equal to the supply of asset m. Substitute demands
(11), (12)into (13), we get asset mmarket clearing condition

~ 2 ¢ ~
v+6+ Sitxeti P — ¥X10610u101

u Toz+5iTx2 : :
[192+s%rX2 toat 082]
_ = s21x,S - ”
v+0;+ ﬁ — D — VXi0:i0uipi
+(1—pw T - . =n. (14)
|:‘L'91+S%TX1 + 081 + O_SZ:I
Solve this equation, we have followed proposition 1.
Proposition 1. For any given u > 0, there exists a unique linear rational expected equilibrium
_on oagtay . PitBrs SitS . mtn
p=7——+ 0, + ] X+ ,
p A A 1 A 2 A 1 A 2
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where
_ u 4 1-p
(Toz +57Tx2)  + 04 + 0% (Tor +S5Tx1) 7t + 0G4 + 05
a; = 2 ‘li 2 2’
(Toz + SiTx2) 1+ 05 + 05,
a, = _ (1- H)zzzf)ﬂ_ _ _
(To1 + 53Tx)[(To1 + 55Tx1) 71 + 05 + 05]
_ 1STTxz
A= (Toz + 57Tx2)[(To2 + sfTx2) ™t + 04 + 05)
1-u
= (To1 +531x1) 7t + 04 + 05
£ = — HY 0e10u1P1
e (To2 + s{1x2) 7t + 04 + 05
_ (1= p)sy1x1
b= (Tor + 55Tx)[(T1 + S3Tx) 1 + 04 + 05)
_ HUS1Tx2
= (o2 + 57Tx2)[(Toz + 5T Tx2) ! + 04 + 05]
n, = (1 = Wyoe0u:0;

- 2 - 2 2"
(o1 + 85Tx1) L+ 04 + 05

V. PRICE DETERMINATION
The price is determined by demands of different types of hedgers, it depends on the hedgers’ private information about
private signal 8;and non-tradable asset position X;. Price also transfer information about counterpart’ private information
through market equilibrium. We study what factors influence the price and the sensitivity of price, how they act, and their
correlation with information transfer effect of price.

Firstly, we analyze the coefficient of 8,, that is %.We can see

u
=
2 2, 2
ﬂ_ (tg2+s?txz) +02 +02, (15)
A u + 1-p
(g2 +s? )—1+ 2,2 2 -1, 2 2
62+51TX2 o4i+oZ,  (ter+sitx1) +oiitod
2
(1-p)s37tx1
=
a, (T31+SZZTX1)[(T31+S%TX1) +0§1+0§2]
A u + 1-p
(T2 +sitx2) 140k 402, (Tg1+55Tx1) " 1H0F +0},
1
2 -1, 2, 2
< (tgr+s2tx1) +02 +02, (16)
n 1—p

— + =

T T
(rg2+s2tx2) " +oZ+02%  (te1+sttx1) +0Ztod,
Sum (15)and (16), we have

p a «a av
—?=—1+_2< 1=—~.
90, A A a0,

% is type 1 hedgers’ influence on price, type 1 hedgers have full knowledge of 8, thus the change of 8,can be

completely responded in type 1 hedgers’ demand function. % is type 2 hedgers’ influence on price, type 2 hedgers do not

fully know 6, they can only speculate some incomplete information about 8, through price. Thus, their demands do not
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fully respond to the change of ;. Finally, even in competitive market, the price can not fully respond to change of payoff
because of asymmetric information. The difference between asymmetric information and complete information relies on

2
T = S2Tx1 Tx1
L i 4 521y To1(YOe101p1)% + T
61 2Tx1 61\Y 0e10u1P1 X1

Higher T, the market is more complete. As T;increases, %gradually approaches to

1-u
2 -1, 2, 2
(tgr+s2tx1) +02 +02,
u N 1-u
2 -1, 2 2 2 -1, 2 2
(tg2+s2txz) +o2+0%  (tg1tsitx1) +oZ +o2,

Ty

d
> 0 means
aTX1

To study what influence the responding of price to 8,, we try to find the factors influencing T;. At first,

price responds more sensitively to §,with the precision of X,increasing. It is because as the precision of Xincreases
itbecomes more stable, which means through price, type 2 hedgers can estimate 8, more accurately. Thus, type 2 hedgers
have more information about 8;which makes price more efficient. Especially, Ty, = oo, that impliesX,;becomes constant.

OT:
L<0

Type 2 hedger can perfectly speculate the value of 8, through equilibrium price lim T, = 1.Next, we havear
Tx1—>® 01

implying that as precision of prior belief ond,decreases, the price responds more sensitively to 8,. As t,,decreases, type 2
hedgers rely less on prior belief on 8,and their speculation about 8, will rely more on the price signal they get from trading.
In reverse, price can fully reflect the change of ;. When there is no prior belief on 8, type 2 hedgers will fully trust the

ory

< 0. As the
a|p1l

signal they get from price, and price will fully respond to the change of 8, limo T, = 1.Then we have
To1™

absolute value of correlation between asset mand asset 1 decreases, the price is more sensitive to the change of ;. That is
because type 1 hedgers’ demand is less sensitive to X;which makes type 2 hedgers’ speculation about 6, more accurate. The

asymmetric information problem weakens, price responds more sensitively to 8, | li{no T, =1.
P1l—

As for the coefficient of ,, that is %.We can see

#S%sz
ﬁ _ (to2+571x2)[(Ta2 +siTx2) "1+ +0,]
A H + 1-u
— =
(toat+sitxz) +0f1tod,  (ter+sitxa) +oli+ad,
n
=1
(tg2+s?txz) +02 +02,
< = (17)
m + m
— =
(rg2t+s2tx2) +ok+02,  (tg1+sitx1) +oZ ok,
1-p
=
&_ (tgr+s2tx1) +oZ +02, (18)
A u 1-p

= + =

T T
(rg2t+s2tx2) +of+02,  (tg1+sitx1) +oZtod,
Sum (15)and (16), we have

ap v
—?=&+&<1=—lj.
96, A A 00,

% is type 1 hedgers’ influence on price, type 1 hedgers do not fully know 8,, they can only speculate some incomplete

information about 8,through price. Thus, their demands do not fully respond to the change of éz.ﬁ—; is type 2 hedgers’

influence on price, type 2 hedgers have full knowledge of 8,, thus the change of 8,can be completely responded in type 2
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hedgers’ demand function. Finally, even in competitive market, the price cannot fully respond to change of payoff because of
asymmetric information.

2
S1Tx2 TX2
> =
To2+55Tx2  Te2(YOe20u2p2)?+Tx2

Similarly, we can define T, = and the analysis on the influence of t,, 745, p,is similar.

Secondly, we analyze the coefficient of X;:

HYOeg10u1P1

& _ (192+s%rxz)_1+agzl+a£22
A n N 1-u ’
(192+s%1’x2)_1+a§1+a§2 (191+S§TX1)_1+0'§1+0'§2
(1-w)s27x1
& (191+s§er)[(191+551Xl)_1+a£21+a£22]
A I -u 4

— + =1
2 2 .. 2 2 2 .2
(tg2+s2txz) +02,+02,  (tg1+sttx1) +0Z +0%,

¢

where Xlis type 1 hedgers’ influence on price, i—zis type 2 hedgers’ influence on price. If correlation of payoff between asset

mand asset 1 is negative, that is p; < 0, as X;increases, type 1 hedgers need more asset mto hedge the risk exposure from
asset 1. Thus, the hedge demand increases, which increases the price. And this sensitivity can be enforced by lower p;. As

g,,increases, hedge demand become more sensitive to X;, which makes price more sensitive to X,. And when p; < 0,%2 >

0, which implies as X;increases type 2 hedgers will have positive influence on price. It can be explained that increasing of
X, also increases the signal S,that type 2 hedgers get from the market. This increases the type 2 hedgers’ estimation of 8,
increases the speculation demand by type 2 hedgers, and increases market price.If correlation of payoff between asset mand
asset 1 is positive, that is p; > 0, as X, increases, type 1 hedgers need less asset mto avoid taking too much the risk
exposure from asset 1. Thus, the hedge demand decreases, which decreases the price. And this sensitivity can be enforced by
higher p,.As a,,increases, hedge demand become more sensitive to X;, which makes price more sensitive to X;.And

when p; > 0,%2 < 0, which implies as X increases type 2 hedgers will have negative influence on price. It can be explained

that increasing of X, decreases the signal S,that type 2 hedgers get from the market. This decrease the type 2 hedgers’

estimation of 8, ,decreases the speculation demand by type 2 hedgers, and decreases market price. The effects of both type
hedgers are consistent no matter what sign p;has.

As for the coefficient of X,, that is —"12"2,

HS1Tx2
2 2. V1152 142
M _ (o2 +sitx2)[(Toa+sitx2) "1 +0d +ad)]

A u—1 + 1_111 ’
(vz+sitxa) +ofi+od,  (ter+sitx1) +oiitod

(1-Wyoe20u2p2
-1
T]_z _ (tg1+s2tx1) +0Z +0Z,

A u + 1-p
2 -1, 2 2 2 -1, 2 2
(tg2+s?txz) +02+02, (tg1+sttx1) +0Z,+0%,

where nflis type 1 hedgers’ influence on price, "Xzis type 2 hedgers’ influence on price. If correlation of payoff between asset

mand asset 2 is negative, that is p, < 0, as X,increases, type 2 hedgers need more asset mto hedge the risk exposure from
asset 2. Thus, the hedge demand of type 2 hedgers increases, which increases the price. And this sensitivity can be enforced
by lower p,.As a,,increases, hedge demand become more sensitive to X,, which makes price more sensitive to X,.And

when p, < 0,%1 > 0, which implies as X,increases type 1 hedgers will have positive influence on price. It can be explained

that increasing of X,also increases the signal S;that type 1 hedgers get from the market. This increases the type 1 hedgers’
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estimation of 8,, increases the speculation demand by type 1 hedgers, and increases market price.|f correlation of payoff
between asset mand asset 2 is positive, that is p, > 0, as X,increases, type 1 hedgers need less asset mto avoid taking too
much the risk exposure from asset 2. Thus, the hedge demand decreases, which decreases the price. And this sensitivity can
be enforced by higher p,.As o, increases, hedge demand become more sensitive to X,, which makes price more sensitive

to X,.And when p, > 0%1 < 0, which implies as X,increases type 1 hedgers will have negative influence on price. It can

be explained that increasing of X,decreases the signal S;that type 1 hedgers get from the market. This decreases the type 1
hedgers’ estimation of 8,, decreases the speculation demand by type 1 hedgers, and decreases market price.The effects of
both type hedgers are consistent no matter what sign p,has.

To summarize the analysis above, we have proposition 2 and proposition 3.

Proposition 2.As volatility of X;decreases, type 2 hedgers can speculate on 8, more accurately, and increases the sensitivity
of price to ;. As volatility of prior belief on 8, increases, type 2 hedgers rely more on price to speculate on 8, which
makes price more sensitive to ;. As the relativity between asset 1 and asset mdecreases, type 2 hedger can speculate
6,more accurately, which makes price more sensitive to 8. As volatility of X,decreases, type 1 hedgers can speculate on
6,more accurately, and increases the sensitivity of price to 8,. As volatility of prior belief on 8,increases, type 1 hedgers
rely more on price to speculate on 8,, which makes price more sensitive to ,. As the relativity between asset 2 and asset
mdecreases, type 1 hedger can speculate 6,more accurately, which makes price more sensitive to 8,.

Proposition 3. If p; > 0, market price will decrease as X, increases. If p; < 0, market price will increase as X, increases.|If
p» > 0, market price will decrease as X,increases. If p, < 0, market price will increase as X,increases.

VI.  PRICE INFORMATIVENESS
In measurement of price informativeness, we try to capture the amount of uncertainty about 6_;that is reduced by observing
asset mprice p based on knowingtheir non-tradable asset position X; , and their private signal 8; for i € {1,2}. Thus, we
define type 1 and type 2hedgers’ price informativeness as:

_ Van (§2|§1'X1) 2 Tx2 Tx2
1= 1= o N LS T TS o (19)
Var, (92|91'X1'P) Toz  (V0:20,202)%To2
, = VaT'z €91l92,~X22 _ _ 522 E _ TXl _ ’ (20)
Var, (91|92'X2'P) To1  (VO:1041P1)To1

1

where the second equality follows from Var;(8_;|8;,X;) = Var(6_;) = #and Var;(0_,6;, X, p) = , third
it 4

2
Te-i+S; Tx~i

. 1
equality flows from s; = E—
Proposition 4. The price informativeness of ,increases with precision of X,,&, and decreases with precision of 8,,
volatility of i,, p,and risk aversion coefficienty. Similarly, price informativeness of 8,increases with precision of X;,&;
and decreases with precision of 8, volatility of ii,, p,and risk aversion coefficient y.

Proof. It is easy to see from (19) and (20).

The influence of these coefficients comes from two sources. Firstly, they can influence the accuracy of estimation on
counterparts’ private signal and speculation demand further. Secondly, they can influence the risk exposure of holding
non-tradable asset and hedging demand further. Through demand, they influence the competition of the market and price
informativeness.

The decreasing of y, 0., 0,,,and p;increase the estimation accuracy of type 2 hedgers on 6, and decrease type 1
hedgers’ hedging demand. Both effects are beneficial to increase type 2 hedgers’ price informativeness I;. The increasing of
Ty increase the estimation of type 2 hedgers on 8, which increases the price informativeness I,. The increasing of
T, decreases the price informativeness I, because hedgers rely more on their prior belief to decide.
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We can see the price informativeness is irrelative to the proportion of different types of hedgers. Minor type hedgers do not
have information strength as other models. That is because increasing hedgers number in one type do not expose more
information to the other type hedgers.

VII.  COST OF CAPITAL
We examine the implication of price informativeness on asset price and define risk premium as the cost of capital given any
non-tradable asset, that is
cC = E(7—plX., X,).
From proposition 1, we know that

n & +& n+1n2 5
cC=—--— — X
A At A T

n
W T—q
— =
(rg2+s?txz) +02,+02,  (tg1+sitx1) +o2 +02,

KY Tg10u1P1 _ (A-)saTx1
— =1
2 2 L2 2 2 2 L2
(toat+sitxz) +ofi+0d (791+527X1)[(791+527X1) +U81+U82] p
U 3+ 1-u 1
— =0
2 2 o2 2 2 .2
(toztsitxz) +oZitok  (Tertsitx1) tofitod,
(1-pyos20u2p2 _ Us17x2
=1 2 2.0 V1152 152
(tg1+s3tx1) +oZ+02,  (Tatsitxz)[(ter+sitx2)"1+od +ady]

1 1-u 2

— + =1
(tg2+s2txz) +02,+02%,  (tg1+sitx1)  +oZ +oZ,

If p, > 0, Cost of capital increases as X increases because both type 1 hedgers’ hedging demand and type 2 hedgers’
speculation demand decrease which decreases the price. And risk premium increases.If p, < 0, Cost of capital increases as
X, depends because type 1 hedgers’ hedging demand increases and type 2 hedgers’ speculation demand decrease. We cannot
tell which effect is in dominance. The analysis on p;and X,is similar.

To further analyze the situation of p; < 0, we can see that the coefficient of X,is positive if 4 = 0 and negative if u = 1.

By continuity, there exista j € (0,1)rendering

HYOe10y1P1

(1 = Ws,tx1 0.

(Toz + 57Tx) L+ 04 + 0% (Tor + 55Tx1) [(Tor + $5Tx1) "L + 04 + 03]

For u > fi, cost of capital decreases as X, increases, because increasing of hedging demands of type 1 hedgers is greater
than decreasing of speculation demands of type 2 hedgers. For u < i, cost of capital increases as X, increases, because
increasing of hedging demands of type 1 hedgers is less than decreasing of speculation demands of type 2 hedgers. X, is

similar.

VIII. CONCLUSION

In our model, we analyze the market with two types of
hedgers who own different kinds of non-tradable asset and
know different information about the payoff of a tradable
asset. Through market clearing, they can estimate
counterparts’ information about the tradable asset and their
position in non-tradable asset by equilibrium price. And
make their decision to enter market trading.

We separate hedgers’ demands into two parts:
speculation demand and hedging demand. Speculation
demand derives from hedger’s own information about
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payoff of tradable asset and estimation of counterpart’s
information. Hedging demand derives from his position on
non-tradable asset. All types of hedgers’ demand decide
the equilibrium price. We conclude that the market price
cannot fully reflect the influence of private information
because there are always some other type hedgers who do
not know accurate information about the payoff. As prior
belief of holding position on non-tradable becomes more
inaccurate, the market price reacts less to the information
because it is more difficult for different type hedgers to

estimate others’ private information. As prior belief of
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private information becomes more inaccurate, the price
reacts more to the information because they have to rely
more on price to maker estimation on others’ private
information. More importantly, the increasing of relativity
between non-tradable asset and tradable asset decreases the
accuracy of others’ estimation on their private information
because more hedging demand is not benefit for market

efficiency but decreases it by reducing speculation demand.

Further, we find that tradable asset price is positively
related to non-tradable asset position if they have negative
correlation. It is because non-tradable asset and tradable
asset are complements if their payoff are positively related.
And tradable asset price is negatively related to

non-tradable asset position if they have positive correlation.

It is because non-tradable asset and tradable asset are
substitutes if their payoff are negatively related.

Later, we research price informativeness of market
clearing. The more accurate estimation is, the more
informative price is. And less hedging demands can
increase price informativeness. If the correlation between
non-tradable asset and tradable asset is positive, risk
premium increases with non-tradable position increasing.
If the correlation between non-tradable asset and tradable
asset is negative, the relation between risk primum and
non-tradable asset position is unclear depending on

hedgers’ proportion.
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APPENDIX
Proof of proposition 1.
Substitute $; =8, + s;'X,and S, = 0, + s;1X;into
(14), we have
1 U
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(Tgr +53Tx1) "t + 04 + ‘7822]
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_7 u
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Simplify it, we get
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