A Model of Efficiency and Trading Opportunities
in Financial Markets

by

Chunyan Jennifer Huang

Submitted to the Department of Mathematics

in partial fulfillment of the requirements for the degree of

Master of Science

at the

MASSACHUSETTS INSTITUTE OF TECHNOLOGY

February 1996

© Massachusetts Institute of Technology 1996. All rights reserved.

Certified by ...

Certified by ..

Accepted by ..

Accepted by....

U

------------

Departmefit of Mathematics
January 10, 1995

................................

Jiang Wang

Associate Professor of Finance, Sloan School of Management

Thesis Supervisor

.............................

- Frank T. Leighton
r, Department of Mathematics
Thesis Supervisor

.............

s suwnard P. Stanley
~i=—-~= Applied Mathematics Committee

................................

- David A. Vogan
Chairman. Departmental Graduate Committee
Department of Mathematics




A Model of Efficiency and Trading Opportunities in Financial Market
by

Chunyan Jennifer Huang

Submitted to the Department of Mathematics
on January 10, 1995, in partial fulfillment of the
requirements for the degree of
Master of Science

Abstract

This papér considers an economy with heterogeneous investors and an incomplete securities mar-
ket. Investors have non-traded income and private information about security payoffs. They
trade in the market to allocate the risk from their non-traded income and to speculate on secu-
rity payoffs. We use the model to examine the equilibrium allocation of risk and the behavior of
security prices under different market structures, as defined by the characteristics of all traded
securities in the market. In particular, we examine how the addition of derivatives securities
affects the trading and prices of existing securities and both the allocational and informational
efficiencies of the market. We show that the introduction of derivatives can decrease informa-
tional efficiency of the market on security payoffs, increase risk premium and price volatility in
the market.
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1. Introduction.

Securities market plays two important roles: to allocate risks and to communicate information
among investors [see, e.g., Arrow (1964), Debreu (1959), Hayek (1945)]. How efficient the
market performs these two roles crucially depends on the market structure, as defined by a
complete characterization of traded securities. The continuous emergence of new securities in
the market and the trading volume they can generate provide clear evidence to this dependence.
In the literature, how changes in market structure (such as introducing new securities) may
affect its allocational and informational roles are mostly studied in separation. For example,
in analyzing the informational impact of opening derivative trading, the allocational trading in
the market is often specified exogenously (as “noise”) [see, e.g., Grossman (1977)]. As argued
eloquently by Grossman (1995), the informational efficiency of the securities market and its
allocational function are fundamentally related. The introduction of futures contracts on S&P
500 stock index, say, not only allows investors to communicate their information on future
distributions of the index through futures prices, but also changes future distributions of the
index itself since now investors can use futures, in addition to existing securities, to achieve
different allocations of the index risk. The interaction between the two roles of the market,
allocational and informational, is important in determining the impact of changes in market
structure. It is this interaction and its effect on the impact of derivative trading that we want
to study in this paper.

We considers an economy in which investors have non-traded income and private information
about security payoffs. The securities market consists of a risk-free security (bond) and a risky
security of non-zero supply (stock) as primary securities, and possibly a futures-type derivative
security on the stock. Investors trade in the market to allocate the risk from their non-traded
income and to speculate on security prices. We solve the equilibrium allocations and security
prices under two different market structures, consisting of, respectively, only the primary securi-
ties, and the primary securities as well as the derivative security. We examine how the addition
of derivative securities changes the trading and prices of existing securities, and how it affects
the allocational and informational efficiencies of the market.

In the absence of asymmetric information, the market structure only affects the risk alloca-
tions in the market. With the securities market being incomplete, investors are often unable to
optimally share the aggregate risk and to perfectly hedge the individual risks. Security prices
not only depend on the aggregate risk, but also depend on investors’ individual risks. The in-
troduction of derivative securities then allows investors to better allocate the risks. [t tends to

decreases the premium on equity and its price volatility.



When there exists information asymmetry among investors, the market also plays the role
of transmitting information. The introduction of derivative securities not only affects the effi-
ciency of the market in allocating risk, but also its efficiency in aggregating and revealing private
information [see, e.g., Grossman (1977)]. On the one hand, additional prices of the new secu-
rities provide more endogenous signals investors can learn from about other investors’ private
information. On the other hand, the expanded trading opportunities allow investors to better
allocate risks, and increase the amount of allocational trading in the market. The increase in
allocational trading can generate additional price movements in traded securities, hence make
them less informative about investors’ private information on security payoffs. In fact, open-
ing derivative trading can worsen the informational efficiency of the market. Contrast to the
case of symmetric information, opening derivative trading can increase stock premium and price
volatility.

The economy we consider has heterogeneous investors, incomplete securities market with non-
traded income and asymmetric information. Many authors have considered the effect of market
incompleteness and non-traded income on investors’ optimal investment behavior.! Market in-
completeness and the presence of non-traded income often make investors’ optimization problem
difficult to solve, and the results on optimal policies are quite limited. Analyzing market equi-
librium with non-traded income then becomes more difficult and is mostly done by numerical
methods.? The existence of asymmetric information makes the problem even more formidable.?
Our approach here is to impose specific restrictions on investors’ preferences and shock distri-
butions, which allows us to obtain closed form solutions of the equilibrium under asymmetric
information and different market structures. We sacrifice on generality for the benefit of being
able to analyze in more detail investors’ portfolio policies, equilibrium security prices and allo-
cational and informational efficiencies under different market structures. The intuition obtained
from the model can be helpful in understanding more general models.

The literature on the informational role of derivatives market includes the first formal discus-
sion of Grossman (1977), using a single-period model, and more recently the work of Grossman
(1988), Back (1993) and Brennan and Cao (1995}, using multiperiod models. All these papers

For example, He and Pearson (1991) and Karatzas, Lehoczky, Shreve and Xu (1991) examine the existence and
characterization of optimal consumption and investment policies (with finite horizon) under incomplete market.
Merton (1971), He and Pagés (1993), Duffie, Fleming and Zariphopoulou (1993), Svensson and Werner (1993),
Koo {1994a,b), Cuoco (1995), among others, consider the problem when investors also have non-traded income.

2For equilibrium pricing models with non-traded income, see, e.g., Scheinkman and Weiss (1986), Lucas (1990),
Marcet and Singleton (1990), Telmer (1993), Heaton and Lucas (1995), and Detemple (1995).

3Wang (1993) and Detemple (1994) solve multiperiod pricing models under asymmetric information with spe-
cific assumptions on preferences and shock distributions. Judd and Bernardo (1994) consider numerical solutions
to equilibrium models under asymmetric information.



use the noisy rational expectations framework, where the allocational trading is introduced ex-
ogenously. We, however, use a fully rational expectations framework and explicitly model both
the allocational and informational trading in the market. For example, investors’ demand in the
derivatives securities after their introduction is derived endogenously from their optimal con-
sumption and investment policies. This allows us to analyze the allocational and informational
efficiency of the securities market, and their interaction in a unified framework.

The paper is organized as follows. Section 2 defines the model. Section 3 considers a
benchmark case in which the securities market is complete. The equilibrium of the economy is
analyzed under symmetric and asymmetric information in section 4 and 5, respectively, with

incomplete markets. Section 6 concludes. Proofs are given in the appendix.

~

2. The model.

We consider an economy of a single good (taken also as the numeraire) defined on a continuous
time-horizon [0, c0). The economy consists of two classes of investors, denoted by i = 1, 2, with
population weight w and 1—w, respectively. Investors within the same class are identical. For
convenience, we will also refer to any investor in class-¢ as investor ¢, i = 1, 2.

Let (£2, F, P) be a complete probability space, where {2 is the set of states of nature describing
the exogenous environment of the economy on [0, c0), F the o-algebra of distinguishable events,
and P the probability measure on (£2, 7). The uncertainty of the economy is generated by an
n-dimensional standard Wiener process defined on (§2, F, P), denoted by w. The exogenous
information flow is given by the augmented filtration {F; : ¢ € [0, 00)}, which are o-algebras of
F generated by w.

There is a competitive securities market with m + 1 traded securities, indexed by k =
0,1,---,m. A complete specification of all the traded securities defines the structure of the
securities market. In this paper, security 0 is assumed to be a risk-free security (bond) with
the price B; = €™ where ¢t > 0 and r is a positive constant. The remaining securities are risky.
Let Ck: be the cumulative cash flow on security & (k > 1), Py; its market price, C; and P,
respectively, the cumulative cash flow and price vector of all risky securities. In particular,
security 1 is a risky security (stock) with a total number of shares outstanding being one (per
capita), and pays a flow of dividends. Let the cumulative dividend process D; on the stock be

given by

t
D, = / Gds + bpdw, (1a)
0
t
Gi=Go+ / e35=9p . (1b)
0
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where t € [0,00), ag < 0 is a negative constant, by and bs are constant matrices of proper
order. Thus, the dividend paid on the stock from ¢ to ¢ + dt is dD; = Gdt + bpdw;, where G,
gives the persistent component in the dividend and b,dw;, the idiosyncratic component. We will
use S; to denote the stock price at t. The remaining securities, i.e., for £ > 1, are assumed to
be contingent claims of zero net supply. In particular, as security 2 we introduce a derivative
security which pays a cash flow at the rate equal to the current stock price S;. This security is
similar to a collar contract in interest rate swaps, hence will be called the collar from now on. Let
H; denote the collar price at ¢.* For any claim traded in the market, being enforceable requires
that its payoff can only be contingent on states of the economy observable to all investors. When
all invest9rs have perfect information about the underlying state of the economy, the payoff of
a contingent claim can in general be made dependent on realizations of the underlying state.
When investors do not all observe the underlying state, the payoff of a traded security should
only depend on publicly observable states. It is for this reason that we consider the addition of
derivative securities such as the collar in changing the market structure since its payoff depends
only on market prices of other traded securities.

In addition to the traded securities, each class of investors are also endowed with non-traded

income. Let N;; denote the cumulative non-traded income of investor 7, ¢ = 1,2. It is given by

t
Nig= fo (BiyYs + B: 2 2Z,) dN, (2a)
t 3

Y, =Y+ / 2 (=9 du, (2b)
0
t

7= Zo+ f 2z(t=9)p_ oy (2¢)
0

Nt = wat (2d)

where 7 = 1,2, ay, a; are negative constants, by, by, b, are constant matrices of proper order.
For simplicity, we have assumed that all the non-traded income are risky (i.e., there is no drift
for the non-traded income process), and N, characterizes shocks to the non-traded income.
(Bi,yYi+Bi,2Z:) then determines investor i’s total exposure to the risk of non-traded income.
(Extending the current model to allow a linear drift is straightforward.)®

Investors may have different information about the economy. They observe the dividend

“The collar contract defined here represents a series of bets on future stock prices. For positive stock prices,
S: > 0, the long side of the contract receives payments at rate Sy, while for negative stock prices, the short side
receives payments at rate —S;. Note that payments here are in the form of continuous flows instead discrete
lumps.

SHere we have assumed that investors’ non-traded risks (all determined by N:) are perfectly correlated. In-
troducing additional independent shocks is straightforward and does not change any qualitative nature of our
results.



payments and market prices of all traded securities, their own exposure to the non-traded risk
and realizations of their non-traded income. However, they may have different information
concerning the rate of dividend growth G, and other investors’ exposure to the non-traded risk.
Let F;: denote the filtration generated by the information set of investor 7 at ¢t € [0, co) and
.7-}{0’ P} denote the filtration generated by the path of prices and dividends {C%, P}, which is
the public information set. Clearly, ft{c‘ P} C Fip € F;, i = 1,2. The investors’ information
sets will be specified in detail in the different situations to be considered.

For investor ¢ (i = 1,2), let {c;¢ : t € [0, 00)} be his consumption policy and {6;; : t € oo}
his trading policy where 6;; denotes his holdings in the risky securities at ¢. His policy is
adapted to Fi+. Consumption policies are restricted to integrable processes, and trading policies
are restricted to predictable, square-integrable processes with respect to the gain processes of
traded securities [see, e.g., Harrison and Pliska (1981) for a discussion on the requirement of
square-integrability]. (Here, the integrability is defined over any finite horizon [0. T)).

In order to obtain solutions of the equilibrium, we assume that all investors maximize the

expected utility of the following form:
E [— / e“’(s*t)"yc‘--'ds‘]’i,t] , i=1,2 (3)
t

where p and v (both positive) are the time discount coefficient and the relative risk-aversion
coefficient, respectively.

The economy as defined above exhibits the following features. The securities market is in
general incomplete when m < n, i.e., the number of risky securities is less than the dimension of
uncertainty [see, e.g., Harrison and Kreps (1979) for a formal definition of market completeness).
The existence of non-traded income and its correlation with returns on traded securities will
generate trading in the market for allocational reasomns, i.e., investors will use the securities
market to allocate the risk of their non-traded income. The existence of asymmetric information
in the market about the stock’s future payoffs gives rise to the informational trading among
investors. They speculate in the market based on their private information and expect to
earn excess returns. Although the prices of all risky securities will be determined by market
equilibrium, the prices of the risk-free security has been exogenously specified for tractability.
The assumption of constant absolute risk-aversion implies that investors’ holdings of the risky
securities may be independent of their wealth. This assumes away any income effect on the
investors’ trading policies (for the risky securities) and consequently the equilibrium prices.

In this paper, we consider two possible structures of the securities market. The first market
structure is when the stock and the bond are the only traded securities. The second market

structure is when the collar is also traded in the market, in addition to the stock and the bond.



We will denote these two market structures as I and II, respectively.

In what follows, we use upper case letters to denote random variables and lower case letters
to denote deterministic variables (e.g., constants) with only a few exceptions. We use con-
ventional notation ¢ and @ for investors’ choice variables, consumption and security holdings,
respectively, and w for standard Wiener processes. For a set of elements (of proper order), let
diag{ai, az,- -, axr}, (a1, ag, -, ax) and stack{a;,as,---,ar} denote, respectively, the diagonal
matrix, row matrix and column matrix with elements a,, az, - - -, ax. Also let ¢ denote the identity
matrix of any order and trace(-) denote the trace of a matrix. Furthermore, we introduce the in-
dex matrix 1§I;;k') defined as a (kxk’) matrix with its (j, j/) element being 1 and all other elements
being zero. Also, for any two random variables X;; and X3, where dX;; = a;.dt + b;dw,,
j = 1,2,. let o;; = bjb;, denote the instantaneous cross-variation between X; and X and
a} = 055, §,J' = 1,2 [see, e.g., Karatzas and Shreve (1988) for a discussion of cross-variation

~1/2 -1/2

processes]. Also define x;; = 0, “0j50,

In order to be more specific, we further assume that w has the following decomposition

as the instantaneous cross correlation.

wy = stack{wpt, Wat, Wy,t, Wat, Wa,e }, Where all the components are standard Wiener processes
and mutually independent. (wpt, we ., etc., need not be one-dimensional, although they can be

assumed so in most of future discussions.) Furthermore, we assume

bp = 05(4,0,0,0,0), bs=0s(0,¢0,0,0)
by = Uy(0,0, L,O, 0), bz = GY(O»analﬂO)’ bN =0N (KDNL)Ovoi()? V ]'_HzDNl’) .

This specification about the underlying shocks to the economy has simple interpretations. In
particular, wp; and wg,; characterize shocks to the stock’s dividend flow, wy; and w;, char-
acterize shocks to investors’ exposures to the non-traded risk. All the shocks are mutually
independent. The above assumptions about the &’s impose specific structure on the correlation
among the shocks. In particular, stock dividends and investors’ non-traded income are corre-
lated when kpy # 0. To fix ideas, we maintain the assumption that kpy > 0 in our future
discussions. The specific correlation structure assumed here will simplify our analysis without
great loss of generality on the points we want to make.

For future convenience, define ¥, = stack{l, D¢, Ny, G4, Y, Z;} as the vector of underlying
state variables, and X; = stack{1,G.,Y;, Z;}, X, = stack{1,Y:, Z;} as two sub-state vectors.
(Here, a constant is included as the first component of the state vector to simplify presentation.)

Both X; and X; follow Gaussian Markov processes:

dXt = G,x)(tdt + bxdwt
dXt = a;(X'tdt + b;(dwt



where ay = diag{0,ac,ay, a5}, bx = stack{0,bs,by,b;}, ax = diag{0,ay.az}, and bz =
stack{0, by, bz}. Let 8; = stack{0,5:y,05: 2}, i = 1,2. (Here, we use 0 to denote matrices
-of zeros without specifying their order, which can be inferred from the context.) Investor i’s

non-traded income can then be expressed as
. .
Nig= / X!Bibydw,, i=1,2.
0
Also define
oo
F,=E [/ e“"(s“)dCs4.7-'t]

0

which gives the expected values of future cash flows on all risky securities, discounted at the risk-

1
r—ag

free rate..In particular, for the stock, F =

let

Gy, b3 = ;:%Ebp and 0% = b5b5’. Furthermore,

dQ: = dCy + dP, — rPdt

denote the vector of excess share returns of all risky securities. Its first component d@Q; =
dD;+dS;—rS.dt gives the dollar return on one share of stock financed by borrowing at the
risk-free rate. Similarly, its second component dQf = S;dt+dH;~rH,;dt gives the excess share
return on the collar.

Prices of all risky securities are determined by the equilibrium of the economy. The equi-
librium notion here is the standard one of rational expectations [see, e.g., Radner (1972)]. It
is defined as the price process {P;} such that investors adopt consumption and trading policies
that maximize their expected utility

Ji: = sup E[-—/ e—p(s—t)—wc‘,sdssfi,t] (4)
t

S H

s.t. dWi‘t = (T‘VVi_t—Ci’t)dt + 6§‘t th + dNi't
where 7 = 1,2, and the market clears
B¢+ (1-w)by, = 1i™Y 5
wby s + W)og.t 11 (5)

The transversality condition of the Merton type (1971) will be imposed on investors' control
problem: limy.oo E [J;s|Fi:] = 0.2 We only consider stationary equilibrium of the economy.

Furthermore, we maintain the following conditions on the parameters throughout the paper:

NYY 2\/51"7, NYZ 2\/57'7-

8For the infinite horizon control problem to have well posed solutions, appropriate boundary conditions are
needed. Imposing the above transversality condition is equivalent to the following procedure: first solve the
control problem with finite horizon and a bequest function of the terminal wealth in the same form of the utility
function, and then let the terminal date goes to infinity.

10



in order to guarantee the existence of linear equilibrium. (6) requires that the variability in

investors’ non-traded income cannot be too large.

3. The benchmark case of complete market.

In this paper, the securities market is incomplete in general. Before analyzing the general cases,
we first consider the case in which the market is complete as a benchmark case. It provides some
basic understanding about the economy, which is useful in analyzing more complicated cases.

With complete securities market, prices fully reveal investors’ private information (or provide
an efficient aggregation).”

In equilibrium, investors are equally informed. Or equivalently, we can start by assuming
the same information set for all investors. For simplicity we assume F;; = F;, i = 1,2. Without
loss of generality, also let wf;,y+ (1-w)B2,y = 1 and Bz = wP,z+ (1—w)B2,z < 1 in this section.

Since the market is complete, investors can completely eliminate the idiosyncratic risks in
their non-traded income. Consequently, the equilibrium allocation and security prices only
depend on the aggregate risk, including the risk in the stock’s future payoffs and aggregate
exposure to non-traded risk. Since the equilibrium allocation and security prices does not
depend on the market structure imposed as long as it satisfies the spanning property [see, e.g.,
Duffie and Huang (1985)] , we omit detailed specifications of the market structure. We have the

following theorem:

Theorem 1 When F;; = F; V t and the market is complete, the economy has a unique linear,
. ey . . . . . —nfe— 7 1y v
stationary equilibrium. In particular, investors’ value function is J;; = —e Pt Witz Xivke

their optimal consumption policy is
1 &4, & 1
Cit = T'W,',t - _XtUXt ——Inr
2y Y

the stock price is

St=

L G: + A5 X,
ag

where

—TY0pn [Udeg + (r_az_dngZ)]
(r—az—02vs;)(r—ay—oivyy) — vi,020%

x\f,:

"When investors have asymmetric information, appropriate enforcement mechanism is needed to introduce
securities with payoffs contingent on state variables that are not publicly observable. Otherwise, it would be
infeasible to include these securities in the market. This may be one of the reason the actual market is incomplete.
If, however, the contractual terms of traded securities can be enforced by a court with superior information on
the true state variables, then any state-contingent claims can be traded in the market.

11



—TYOpnN [Uyzo'g, + (7' Ay — U%Uyy)]
(r—az—02vzz){(r—ay—oivyy) — v2,0202

1
A5 = =7 [0'129 + moc + Aol + ’\Zaz]

and v is @ (3x3) constant matriz given in appendiz A.2. For any other traded security k > 1
with cumulative payoff Cy = [3 f( Xy, t)dt + bedws, its price at t is P(Xy,t). If P(X,,t) is twice

differentiable with respect to X, and once differentiable with respect to t, it then satisfies the

S =

following equation:
1
rP=0P+ f+X'dx0xP + 3tr (0xx0%P) = [ryA%bx + (ryBby—vbx) Xl (i 0x P+bL)

where § = (0,1,82), OxP denotes the vector of first order derivatives of P with respect to
elements of X, 0% P the matriz of second order derivatives, and 9,P its derivative with respect

tot.8

No statements about investors’ security holdings are made since no specification of the traded
securities is given (other than the bond and the stock).
In order to better understand the results, we consider the simple case when Z; = 0 V ¢

and Y; fully characterizes the aggregate exposure to non-traded risk. In this case, we can write

v = diag{voo, vyy, 0},

-1
e = (208) ™ [(r=20) = 20 P~ alrRet | > 0
Voo = %U‘zlvyy + 7‘7&5) + —f—(r—p—rln 7‘)

and A\§ = —ryopy/(r—ay—oivyy) and A§ = —y[oi+0%+(A$0y)?). Furthermore, vyy, |A§| and
|AY| increase with oy. It then follows that investors’ optimal consumption decreases with their
exposure to non-traded risk (i.e., ¢;; decreases with Y; holding wealth constant). This reflects
the investors’ precautionary saving. When investors face higher risk in their future non-traded
income, their marginal utility for future consumption increases. Given the interest rate, they
want decrease current consumption and save more for future consumption.

G+

s future cash flow

The stock price is a simple linear function of the underlying state variables, S; =
A§ + AYY;.

discounted at the risk-free rate. A§+A3Y; then gives the risk premium on the stock. The constant

TaG

component of the risk premium A§ is simply proportional to the investors’ risk aversion and the

instantaneous variance of the stock price. This is because that investors’ consumption co-varies

8For X = (1,G:, Y4, Z¢), its va.ria.ble elements are G:, Y:, Z;. Let X,, t = 1,---,n, be the variable elements

of X, then 8xP—stack{aX yeo o »ax } and 9% P = {a;?zapx

12



linearly with the stock price (since their wealth doeé). The covariance between consumption
changes and stock returns, which determines the premium, then increases linearly with the
variance of stock returns.

The time-varying component of the risk premium is linear in Y; with proportionality coeffi-
cient A$. It is easy to show that r—ay —o2vyy > 0. Hence, AS has the opposite sign of &DN.
Note that oy being positive implies positive correlation between shocks to investors’ non-traded
income and shocks to the stock’s payoff. Investors want to use the stock to hedge the risk in
their non-traded income. When Y; > 0, investors have a positive exposure to the non-traded
risk. Hence, they would like to short the stock in order to reduce the overall risk of their future
income. In equilibrium, the stock price has to decrease. Thus AJ is negative when opy > 0.
Also, |Aj| increases with oy, the variability in the aggregate exposure to non-traded risk. As
oy increases, investors’ expected utility becomes more sensitive to changes in the exposure to
non-traded risk (i.e., vyy increases). Consequently, they use the stock (as well as other traded
securities) to hedge more actively against these changes. The stock price then becomes more
sensitive to Y;, hence |AJ| increases.

The price of any derivative securities must satisfy the pricing equation (7). Given the ap-
propriate boundary conditions of a security, its price can be obtained by solving (7). As an
example, we solve for the collar price. It pays a dividend at a rate equal to current stock price.
H; should be a function of X; only, independent of the calendar time ¢, i.e., Hy = H(.X;). Given

that X; follows a Gaussian Markov process, it can be shown that H(:) is linear. Thus.
H; = H(X:) = A" X, (R)
where A¥ = (AF, A5, A¥, A%) is a constant matrix. Substitute this into equation (7). we obtain
AH = )% [m—ax+(r7)oxx/\s'1§11’4) + (rYoxn —OxyVyy) 1&13‘4)]_1 .

which fully specifies the equilibrium collar price. (The matrix in the square bracket is full
ranked.)

4. The case of symmetric information.

We now consider the case of incomplete market, but with symmetric information., and examine
how market incompleteness affects the allocation of risk among investors and security prices.
Again, we assume F;; = F;, ¢t = 1,2. We start with some general discussions about the
equilibrium of the economy, and then examine the equilibrium under market structures [ and

I1, respectively.

13



4.1. General discussions on equilibrium.

For the risky securities we allow in market structure I and II (stock and collar), their payoffs are
governed by Gaussian processes with drifts linear the underlying state vector ¥, which follows

a Gaussian Markov process itself. In particular, we can write
¢
C= / A X, ds + boduw,
0

Given the constant risk-aversion preferences of the investors, the equilibrium can exhibit certain
linearity (see, e.g., Campbell and Kyle (1992) and Wang (1993)]. Thus, we restrict our analysis

to the linear equilibrium of the economy which requires
P, = /\PXt

for prices of all traded securities. Here, A° = (A§, AG, AS, AS), AT = (A5, A5, A2, A2) and b, are

(m x4) constant matrices. The process of excess share returns is then
th = aQ./Ytdt + de?Ut

where ag = A(ax —rt)+A° and by = APbx + be. Thus, X, fully characterizes the expected
excess share returns on all risky securities considered here. Also, let A® = (A§,AS, AS) and
AP = (A5, AL, AP) denote the sub-vectors of A° and A? that correspond to Xj, respectively.

We have the following result concerning the properties of the linear, stationary equilibrium

of the economy:

Proposition 1 Suppose that F;y = F; ¥V t. i = 1,2. In a linear, stationary equilibrium of the

economy, the price vector has the form

P, = A\PX,, (9)
investor t’s optimal policies (i = 1,2) are
1 5, = 1 ~
cip =W — —Xw; Xe — =lnr, 6;;=h;: X; (10)
2y 2

P Ly J' . P
pt—riWe+s XivXe where i = 1,2,

and his value function J;; = —e
hiy = %Uaé (ag+oqxvi—ryoonpi),
aq = AP(ax—rt)+ A%, by = APbyx + be, 0gq = bobly, and AP, v; satisfy
0 = (rv)2hioqohi— (ryBiby —vibx) (ryBiby —vibx) +rv; — (viax+a’ v;) — Cv,lﬁ‘“ (11a)
1™ = why + (1-w)hy (11b)

with 0; = 2(r—p—rlnr) + tr {b\v;bx}, and A5, v; are constant matrices.

14



Note that the expected excess share returns on traded securities depend only on X, the vector
of state variables that affects investors’ exposure to non-traded risk, and so do the investors’
investment-consumption policies and their value functions. In particular, the expected excess
share return on the stock is independent of expectations about its payoffs, which is determined
by Gy.

Following Merton (1971, 1989), we can interpret investors’ security holdings as consists of
three sets of portfolios. The first portfolio is the growth portfolio, agéaQX ¢. The second set of
portfolios, defined by each column of 6530¢x, are portfolios used to hedge changes in the state
variables. The third portfolio, defined by o550y, is the portfolio used to hedge the risk in
non-traded income. Investor i’s holding in these three sets of portfolios are (ry)~!, (ry)~'v; X
and ﬁ{-X’,. respectively.

In the remainder of this section, we let w = 1/2, 8;y = 1 and B3;; = (-1)"!, i =1,2. In
this case, Y; characterizes the aggregate exposure to non-traded risk and Z; characterizes the

idiosyncratic exposure.

4.2. Under market structure 1.

We now consider the case when the stock and the bond are the only traded securities. The
market is incomplete in this case since there are no securities that allow investors to perfectly
hedge their non-traded risk (as characterized by dV;) as well as changes in their exposures to
non-traded risk [as characterized by (8;yY: + 5;,27:)]. We have the following result on the

equilibrium of the economy:

Theorem 2 When Fiy = F: Vi, w=1/2, B;y =1, Biz = (1)}, i = 1,2, and under market
structure I, the economy has a linear, stationary equilibrium of the form in propesition 1 for
small values of 05. In particular, the stock price and investors’ stock holdings are
1
r—ag
bit =1+ 0py <0qwﬂi,z - /\iaf,vi,yz) Z;

Sy = G + 5\5)@

where XS and v; are determined by equation (11) with ag = AS (ax—rt) and by = ASbx+bp.

Given the symmetry between the two classes of investors, the aggregate exposure is evenly
allocated among themselves. Changes in aggregate exposure would not generate trading among
investors since it affects everyone the same way. Investors’ stock holdings only depend on their

idiosyncratic exposures to the non-traded risk.
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Since the market is incomplete now, the equilibrium stock price and allocation in general
depend on investors’ idiosyncratic exposure to non-traded risk. In particular, investors have
to use the stock to hedge their non-traded risks. This leads to inefficiencies in both allocating
aggregate risk and mutually insuring individual risks. In order to develop some intuition about
the equilibrium allocations and the stock price, we first consider special cases in which the
aggregate and idiosyncratic exposures to the non-traded risk do not coexist and then discuss

the more general case in which they do.

4.2.1. With only aggregate non-traded risk.

One special situation is when there is no idiosyncratic exposure in investors’ non-traded risk, i.e.,
when Z; = 0 V t. In this case, all investors are identical and the market is effectively complete
[see, e.g., Lucas (1978)]. The equilibrium allocation and the stock price are the same as in the

case of complete market, which are given in theorem 1.

4.2.2. With only idiosyncratic non-traded risk.

Another special situation is when there is no aggregate exposure in investors’ non-traded risk,
i.e., when B;y = 0. Investors, however, do face idiosyncratic non-traded risk, which cannot
be eliminated. The equilibrium then has the form in proposition 1 with AS = (A§,0,0) and
h; = (1,0, h; ;) where A§ = —y(02+02), hiz = B;,20px5/(0%+0%) and

1 _
Vi,zz = 952 [(r-2az) - \/(7“2az)2 - 4(77)2‘7% (U%*Uqéa%zv):l
Z
rv)2o 1 2
vioz = F:%l%;’v‘"ﬂ vigo = —ry} (07 +05)+ 0% (vios +vizz) + Z(r—p—rinr).

In this case, the distribution of investors’ exposure to non-traded risk, as determined by a; and
0, does no affect the equilibrium stock price. As a matter of fact, the stock price is the same
here as in the case of complete market (without non-traded risk at the aggregate level). Given
any idiosyncratic exposure of the individual investors to the non-traded risk, some investors sell
the stock while others buy to hedge their non-traded risk. With the perfect symmetry among
investors in this case, the net buying/selling will be zero. All the trades can be accommodated
without moving the price. Investors’ utility, however, does depend on the distribution of their
exposure to non-traded risk since they cannot perfectly insure their individual through the
securities market. The stock only provides an imperfect hedge. When an investor uses the stock
to hedge, he incurs the basis risk from price movements as G; changes. Increasing os increases

the basis risk and decreases |h; z|, hence decreases investors’ hedging activities.
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4.2.3. With both aggregate and idiosyncratic non-traded risk.

When there are both aggregate and idiosyncratic components in investors’ exposures to the
non-traded risk, the interaction between them will affect the stock price and investors’ trading
policies. In this case, we no longer have closed form solutions to the equilibrium. Thus we rely
on numerical solutions to equation (11) in analyzing the equilibrium.

Since our future discussions will be based on numerical illustrations, a few comments are in
order. Given the large number of parameters in the model, only the results for a small range of
parameter values are presented for brevity. The parameter values are chosen to be compatible
to the estimated price process in Campbell and Kyle (1993), which has the linear form similar
to ours. The remaining degrees of freedom are used to fix a particular set of parameter values
which can generate simultaneously all the results in the paper. As a cost, some of the effects
may seem small for this particular set of parameter values even though they can be larger for
other parameter values. When a particular result under consideration changes qualitatively
with certain parameters, we try to show the changes by varying the relevant parameters in the
numerical illustrations or to discuss them verbally. However, our exploration of the parameter

space and the results presented in the paper are by no means exhaustive.

!
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Figure 1: Stock price coefficients plotted against oy and ¢z under symmetric information and market
structure I. The parameters are set at the following values: p = 0.1, v = 20, r = 0.05, ag = —0.2,
ay =—0.2,az =—-0.5, 6p =0.7, 606 = 0.2, on = 0.2, kpn = 0.6.

Figure 1 shows how A§ and A$ change with oy and o,, measuring the variability in aggregate
and individual exposures to the non-traded risk, respectively. Same as in the case of complete
market, A§ and Aj are both negative and their absolute values increase with oy. Furthermore,
as we increase the dispersion between the investors in non-traded risk o, both |Aj| and |A\3]

increase. This is different from the results in the absence of the aggregate non-traded risk. When

17



investors face more idiosyncratic risk, which cannot be completely hedged away due to market
incompleteness, the aggregate risk becomes even more undesirable since it is correlated with the
idiosyncratic risks. This implies that the absolute value of AJ increases and so does the price
volatility. Consequently, the stock’s risk premium as measure by |A\j] increases.

We now examine investor 1’s trading strategies. Given that his stock holding is a linear
function of the underlying state variables, 6f, = hls,0+hf’YYt+hf’ZZ,, we can simply look at the
coefficients, hy,0, h1,y and hy, z, which characterizes the intensity of his trading in response to the
shocks. Given the symmetry between the two classes of investors in the current case, hig=1
and hj, = 0, implying that on average each investor holds his market share of the stock and
bears equal amount of the aggregate non-traded risk. However, h{ , is not zero, reflecting the
trading between the two classes of investors to mutually share their individual risks. Figure 2
illustrates how h; ; changes with oy and o,. Note the hy ,; = ~h; , as the market clearing
condition requires. hf‘ , is negative (for ooy > 0) since investor 1 wants to short the stock when

he has a positive exposure to non-traded risk.

sigma_y : sigma_z
Figure 2: Investor 1’s trading policies under symmetric information and market structure I plotted against
oy and oz. The parameters are set at the following values: p = 0.1, ¥ = 20, r = 0.05, ag = —0.2. uy, = -0.2,
Az = —0.5, Op = 0.7, oG = 0.2, oN = 02, KpN = 0.6.

As oy and oz change, two factors affect the intensity of the hedging activity. measured by
|h1,z|, First, when oy or o4 increases, the stock price becomes more volatile (since A increases).
Taking any stock positions becomes riskier and investors hence reduce their trading in hedging
individual risks. Second, increasing oy or o, makes investors’ expected utility more sensitive to
changes in their exposures to non-traded risk, hence increases their trading in hedging against
these changes. The net effect of an increase in oy or o; on |hy ;| depends on the trade off

between these two factors. For the parameters chosen in figure 2, |hy ;| increases with o, or 5.
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4.3. Under market structure II.

We now consider the case when the collar is added to the market. With both the stock and
the collar being traded, investors can synthesize a larger set of possible payoffs. In particular,
they can construct trading strategies to better hedge their individual risks without bearing too
much additional risk. The new trading opportunities created by the introduction of derivative
security certainly affects the stock price and the equilibrium allocation. We have the following

proposition about the equilibrium:

Theorem 3 When F;; = F;, Vt, w=1/2, By =1, Biz = (—1)"‘1 where 1 = 1,2, and under
market structure 11, the economy has a linear, stationary equilibrium of the form in proposition

1 for small values of oy and o,. In particular, the security prices and holdings are

St = ‘—}‘_‘Gt +A°X,, H,= ——1———Gt + M X,
(r—ac) (r—ag)?

— k. -1 . 2 .
gi,t - hz,O - UQQ (UDN/BLZ - Uy)\sz,Yz) Zt

where X = stack{A%, A%}, A% = (A3, A3,0), A = (AE, A\, 0), and v; are defermined by equation

(11) with aq = Aax—rt) + ;\Slg’l) and by = Mby+stack{bp,0}.

The equilibrium looks formally similar to that under market structure I. Figure 3 shows how the
price coefficients of the stock and collar change with o, and ;. Qualitatively, the stock price
coefficients behave the same way as under market structure I.

In order to see more clearly how the introduction of collar changes investors’ hedging strate-
gies, let us first consider the special case when oy = 0, i.e., there is no aggregate exposure to
non-traded risk. When Z; > 0, investor 1’s non-traded income is positively correlated with the
stock’s dividends. He then wants to short the stock to hedge the non-traded risk. The stock,
however, is an imperfect hedging vehicle since its price can changes as G; changes, which gives
rise to a basis risk. When the collar is introduced, its price only depends on G;. Consequently,
investors can use it to completely eliminate the basis risk. In particular, investor 1 can short
the stock to hedge the non-traded risk and long the collar to offset the basis risk incurred from
his stock position. The net position of the stock and the collar provides a perfect hedge against
the hedgable part of the non-traded risk.® Investors now can hedge more aggressively using the
off-setting positions in the stock and the collar. Consequently, the level of trading in the stock

increases significantly as the collar is introduced. The results carry over to the general case when

°The non-traded risk also has a non-hedgable part, associated with wy ¢, which is independent of the returns
on all traded securities (i.e., the stock and the collar).

19



<
A

%001S 10} 0" EpqUIE}

w g
3
&
)

sigma_z

]

sigma_y

08

Y

sigma

8 T 93 ¢
¢ 7999

%5018 10) A epquie;

-0 48

rTH
CEE\ 8
pietiataaae

0 ..«»-««»nmmnn )
A e
\WisiusSessste
§essetstasius
%.%‘-““““““‘
sinsesietonte
slesgetignudion
uhisistssiesssas
151051885 us el g8
sitislesietleg s e
TP
I P
itesisiess
s

08

02

08

sigma_y

sigma_z

o8

Y

sigma_|

()

flicients of the stock and collar plotted against oy and ¢z under symmetric information

rice coe

P
and market structure II. The parameters are set at the following values

Figure 3

p = 0.1, v = 20, r = 0.05,

= 02, oTNn = 02, KpN = 06

0.7, [efe]

—'02, Az = —05, Cp

aAg = '—02, Ay

20



there is aggregate exposure to non-traded risk, except that now the collar can only be used to
partially reduce the basis risk of stock.

Figure 4 illustrates the different components in investor 1’s trading strategies in both markets.
Only A{ , and h{, are shown there since the other components are the same as under market
structure I. As discussed earlier, A{ , < 0 since investor 1 uses the stock to hedge his non-traded
risk, and k', > 0 since he uses the collar to reduce the basis risk. Comparing figure 4 with
figure 2, we observe that the absolute value of ki , is much larger under market structure II than

under market structure I, reflecting the increase in stock trading when the collar is introduced.

s H
hi z hiz

(a) (b) )

Figure 4: Investor 1’s trading policies, plotted against oy and oz under symmetric information and market
structure II. The parameters are set at the following values: p = 0.1, v = 20, r = 0.05, ag = -0.2,
ay = —=0.2,az = —0.5,0p =0.7, 0 = 0.2, on = 0.2, Kpxy = 0.6.

In order to see more clearly the impact of derivative trading on the equilibrium, we illustrate
in figure 5 the differences in stock risk premium and price volatility between market structure
I and II. From the above discussion, opening trading in the collar allows investors to better
hedge their idiosyncratic non-traded risk. This tends to reduces the individual risk they are left
with. Consequently, the stock price becomes less sensitive to changes in the aggregate exposure
to non-traded risk. Thus, the risk premium and price volatility of the stock decrease. Figure
5(a) shows that the risk premium on the stock, as measured by |Aj|, decreases as the derivatives

market opens, and figure 5(b) shows that the stock price volatility also decreases.

5. The case of asymmetric information.

We now study the equilibrium of the economy under asymmetric information. We will examine
how market incompleteness affects its information efficiency, the resulting equilibrium allocation

and security prices.
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Figure 5: Percentage change in stock risk premium |A§| and price volatility os from market structure I to
1T under symmetric information, plotted against oy and o;. The parameters are set at the following values:
p=0.1,vy=20,r=0.05 a6 = -0.2,ay = ~-0.2, az = =0.5, 0p = 0.7, 06 = 0.2, on = 0.2, Kpny = 0.6.

For simplicity, we let 31,y = $1,z =1 and B2,y = B2,z = 0 in this section. Hence only class-1
investors face non-traded risk. The non-trade_d income of investor 1 now has the form dN;; =
(Y: + Zy)bydw;. We will assume that |ay] < |az|. Thus Y; and Z; correspond, respectively,
to the relatively more persistent and more transitory components of investor 1’s exposure to
non-traded risk. We assume that class-1 investors observe the actual dividend growth G, their
exposure to non-traded risk, ¥; and Z;, as well as realizations of their non-trade income MN;.
Class-2 investors, however, only observe publicly available information, which include dividends
paid on all traded securities and their market prices. Thus, 7y = F; and Fy; = ]-'t{c' £} C Fis.
The actual form of F;; crucially depends on the market structure.

In what follows, we first make some general statements about the equilibrium under asym-
metric information in the current setting. The actual equilibrium is then examined under market

structure [ and II.

5.1. General discussions on equilibrium.

Under asymmetric information, class-2 investors do not observe all the underlying state vari-
ables, in particular the actual dividend growth and class-1 investors’ exposure to the non-traded
risk. Their trading policies then depend on their expectations of the unobserved variables. Con-
sequently, their expectations will affect the market prices of traded securities and the equilibrium
allocations. Thus the state of the economy under asymmetric information depend not only on
the underlying state of the economy, but also on the less informed investors’ expectations. Let

© = E[-|F2,4 denote class-2 investors’ conditional expectation of variable -. In the economy de-
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fined here, ©; = stack{G,Y;, Z:} is the vector of state variables that class-2 investors do not
directly observe. &, = E[é|.7-'g,t] then gives their conditional expectation and 4, = 6.-6,
their estimation error. Note that E[A;|F;,] = 0. Replacing X; as a state vector, we now need
X1, = stack{l,Gy, s, Zy, As} = stack{X;, A;}. More generally, higher moments of class-2 in-
vestors’ conditional expectation can also come in as part of the state vector. However, in a
linear equilibrium we consider in this paper, the first moments will be sufficient. For future
convenience, also define X, = stack{1,0;} = E [X:|F2. = X:. For convenience in exposition,
let AG; = Gi—G; and AY, = ¥,-Y,.10

In a linear equilibrium, the expected cash flows and market prices of all traded securities are

linear functions of the state variables. The linearity requires that

t

o / (A°X 1 ods + bedw,) (122)
0

B = /\P.«Yl,t. (12b)

Let A? = (A§, A5, A%) and A° = (A§, Ag, AS). Since Cy, P, C Fy 4, we must have (A5 —-AR)O; =
(,\g—,\g)ét. If the rank of AL is greater than or equal to three, which is the number of
state variables unobservable to investor 2, the equilibrium will be fully revealing. Thus in the
remaining discussions, we assume that the rank of (A5 —AZ) is less than 3 and the equilibrium
is not fully revealing. Furthermore, we can write (A5 —-A5)A; = 0. Let m = 3 — rank{A5 - \5}.
It follows that the dimension of investor 2’s estimation errors is 3 — m. Let A; be the subvector
of 4A; that is not mutually dependent. We then have 4A; = aAt, where « is full-ranked matrix
of order 3 x (3—m). For future convenience, we define the reduced form sub-state vectors,
X1:=(1,Y:, Z;, Ay) and Xy = (1, Z:).

Note that observing P; is equivalent to observing (A5 —A5)0;. Define &; = stack{C’,. (A}, -
AR)O:}. &, gives the information of class-2 investors, i.e., Foy = ft{é}. We now can derive

class-2 investors’ expectation of ©, given Fy ;. First,
dB; = 4,6 + bodw;
where ao = diag{ag, ay, a5} and be = stack{bg, by.bz}. Next note that
dd, = (ag +al0; + a‘gét) dt + bsdw;

where af = stack{A§,0}, af = stack{(A—29), (AL = AB)ae}, af = stack{A$,0}. and b, =
0] [0] (o] A @ P @ A

stack{bc, (A5 — A\R)be}. Let o = E[A;|F2,] denote the conditional covariance matrix of the

"®For a more detailed discussion on the nature of equilibrium under asymmetric information, see Wang {1993).
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unobserved state variables by class-2 investors. It then follows that o is deterministic and
d6; = apBydt + k (d; — E [dP,| F2.]) (13a)
6 = (ag0+o0ay) + bobly — k (byb),) &’ (13b)
where k = (0oal,+bob})(bsb}) ! [see, e.g. Lipster and Shriyayev (1979)]. Also,
dA; = asAudt + b sdw,

where ¢z and b; are the sub-matrices of the first (3—m) rows of matrices (ap—ka,)a and kbs—be,

respectively. Furthermore,
dX;,t = a,-,g)?,-,tdt + b xdw;s, 1=1,2

where a; x = diag{0,ae,a4}, b1,x = stack{0,be,b4}, az,x = diag{0, as}, b x = stack{0, kb,},
dwys = dws and dwy; = (bgbly) ~1bs(dP: —E [dD;|F2 ).
Given the dynamics of investor 2’s conditional expectations, the excess share returns on the

risky securities can be expresses as
th = dCt + d.Pt - T'Pt(lt = al,le,tdt + dewt

where a1 o = AP (a1,x~r¢) +A° and by = APb; x + bc. The expected excess share returns then
are

EldQ:Fit] = a; o Xi dt, i=1,2

where agq = [A§+A% (ag—rt)]. Since X;; follows a Gaussian Markov process under the
filtration F;;, it fully characterizes the investment opportunities for investor .
Applying the results in appendix A.l1. we obtain the following proposition about the equi-

librium under asymmetric information:

Proposition 2 Suppose that F1; = Fy, For = .7-}{0‘13}, Biy =Biz = %[1+(—1)i‘1], andi=1,2.
In a linear, stationary equilibrium of the form (12), the investors’ optimal policies and value

functions are

1o, o 1 .
cip=rWis— ZXE,tUiXi,t -3 Inr, ;1 =h;X;,
Jig = _e—pt—r'vW‘,c+§X’,’_tv¢)?¢,:

where i = 1,2, h; = (r')/be’Q)~1 (ai,Q+be§’Xv,~—-r7be’Nﬁl") . Here, v; and A satisfy the following

equations:
0 = (ry)%h] (bgby) hi — (ryBibx+vibix) (ryBiby+vib; x) + rv; — (aé,xvi'{“vi(li‘x)
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_ g (142)

1™ = why + (1-w)her (14b)
where 7; = 2(r—p—rln r)+tr(b§,xv,-bi,x), di =5+2(=1)" and 7 = (1. &).

Similar to proposition 1, the above proposition only provides a characterization of a linear,
stationary equilibrium of the economy under asymmetric information if it exists. In the rest
of this section, we will examine the existence and the properties of equilibrium under market

structure I and II.

5.2. Equilibrium under market structure I.

The economy under asymmetric information and market structure I is similar in spirit to the
model considered in Wang (1993). Instead of exogenously introduce noise into the market, here
we explicitly model investors’ allocational trading which endogenously introduces noise into the
market and prevents market prices from revealing too much information. We have the following

result on the equilibrium under market structure I.

Theorem 4 When Fi; = F;, For = E{C’P}, Biy = Biz = 3[1+(-1)""1], where i = 1,2, and
under market structure I, there ezists a linear stationary equilibrium of the form in theorem 2
for w close to 1. In particular, X, = Xl,t = (l,Yt,Zt‘@t—Gt,f/t—Yt)', Xz,t = (1,}73,2),

where A = (A§, A3, A5, A5y, AS,), b1 = (B0, Biyy b1 2y b1 acs h1,ay) and by = (Bgo, ha.y, ha.z)

are determined by (14).

The state vector now includes class-2 investors’ estimation errors of G; and Y;. Given that they
observe the stock price, which reveals the following combination of the unobserved state variables

( 1 —-)\Z) Gi+ (A3 =25, Yi + (A5 —A3) Z;, the estimation error in Z; can be expressed as a

r—ag

linear combination of the estimation errors of G; and Y;.

The above existence result is based on a continuation argument (see appendix B). Knowing
that a unique equilibrium exists at w = 1, we can show the generic existence of an equilibrium
for w close to one by appealing to the continuity of equation (14). The proof, however, does
not yield explicitly the range of w where the continuation can be extended to. In our numerical
solutions, we always start from the equilibrium at w = 1 and then reduce w gradually to get to

the particular value we want.
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Figure 6: Conditional variance of G: and Y: for class-2 investors under market structure I and asymmetric
information. The parameters are set at the following values: p = 0.1, v = 20, r = 0.05, ag = -0.2,
ay = ~0.2,az = ~0.5, 6p =0.7, 06 = 0.2, o = 0.2, kp~ = 0.6.

An important element in characterizing the equilibrium is the information asymmetry be-
tween the two classes of investors. It can be measured by investor 2’s conditional variance of
the unobserved state variables, ogg = E [(@t—Gt)2|f2,t] and oyy = E [(?t-Yt)zlfz,t]. O
measures the information asymmetry concerning future cash flows of the stock, and oyy mea-
sures the information asymmetry concerning class-1 investors’ hedging needs. The conditional
variance of Z;, 053, is omitted since it can be expressed as linear function of ogc and oyy (see
the discussions in section 4.1). Figure 6 plots o5¢ and oyy against oy and w. The effects of o,
on ogg and oyy are similar to those of oy.

As oy increases, class-1 investors trade more in the stock to hedge their non-traded risk.
The increase in allocational trading introduces additional movements in the stock price and
reduces its informativeness about future cash flows. Thus o0s¢ increases with oy. Increasing
w, however, has two off-setting effects. On the one hand, as the fraction of informed investors
increases, more information is impounded into the prices through their speculative trading. On
the other hand, the amount of allocational trading also increases when more informed investors
are hedging their non-traded risk. The net change in 05s as w increases depends on which of the
two effects dominates. In the case shown in figure 6(a), 0gs increases with w. The behavior of
oyy can be analyzed similarly. In particular, increasing oy increase the variability in Y;, hence
can increase oyy. But it also increases the allocational trading and stock price sensitivity to
changes in Y}, hence makes the price more informative about Y;.

Figure 7 illustrates how the stock risk premium and price volatility change with the un-

certainty in class-1 investors’ exposure to non-traded risk oy and their population weight w,
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Figure 7: Stock risk premium and price volatility under market structure I and asymmetric information.
The parameters are set at the following values: p = 0.1, ¥ = 20, r = 0.05, ag = —0.2, ay = —0.2, az = —0.5,
Op = 07, Og = 02, Oz = 04, oNn = 02‘ kpon = 0.6.

respectively. For the given set of parameter values, the risk premium |\j| increases with oy
and decreases with w. This pattern mirrors the pattern in ogg, i.e., the risk premium increases
(decreases) when the information asymmetry between the two classes of investors increases (de-
creases). Clearly, as class-2 investors become less informed, they will demand higher premium
to compensate the increase in their perceived uncertainty about future stock dividends.

The stock price volatility increases with ¢ when w is close to one, i.e., when there is a
large population of class-1 investors. This result is quite intuitive since higher oy gives higher
volatility in class-1 investors’ hedging demands, which determines the price volatility when w is
close to one. For w close to zero, however, the stock price volatility first decreases with o and
then starts increasing. In this case, the stock price varies for two reasons: changes in class-1
investors’ hedging needs and changes in class-2 investors’ expectation of future dividends. On the
one hand, increasing oy increases the volatility of class-1 investors’ hedging needs, hence ténds
to increase price volatility. On the other hand, increasing oy reduces the amount of information
class-2 investors extract from prices about future dividends. Less information tends to reduce
the variability in their expectation of G; and the price volatility. This second effect tends to

dominate when the population of class-2 investors is large.

5.3. Equilibrium under market structure II

The introduction of the collar changes the risk allocations in the market as discussed in the case
of symmetric information. It also has significant impact on the informational efficiency of the

market when there is asymmetric information. Introducing a derivative security has the direct
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impact of providing additional sources of information to the less informed investors through its
market prices. In addition, it has the indirect impact of changing the information content in the
prices of existing securities by changing the patterns of investors’ allocational trading as well as
their informational trading. The interaction between these two can give rise interesting changes

in equilibrium as the collar market opens.

The formal results about the equilibrium is summarized in the following theorem.

Theorem 5 When Fi;: = F;, Fop = ft{C‘P}, Biy = Biz = %[1-{-(——1)""1], where 1 = 1,2,
and under market structure I, the economy has a linear, stationary equilibrium of the form in

theorem 2 for w close to . In particular, X, = Xl,t =(1,Y;, Zt,@t—-Gt)’, Xz,t = (1,?1,2,:),

St = ;\S/;(t, Ht = ;\H}{’t
10 =mX1s 20 =hoXo,

where ;\S = (1’/\?/1’\3”\26)’ ;\H = (11)\5’)‘?1’\25;)’ hy = (hl,OahI,Ys hl,z,hl,ac) and hy =
(ha.0, ha,y, h2,z) are determined by (14).

For class-2 investors, there are three unobservable state variables, G, Y; and Z;. The prices
of the stock and the collar, however, provide two endogenous signals as linear functions of the
unobserved variables. Thus there is only one degree of uncertainty remaining. The estimating

errors of the three variables are then perfectly correlated.
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Figure 8: Conditional variance of G and Y for investor 2 under market structure I and II under a~symmetric
information. The parameters are set at the following values: p = 0.1, v = 20, r = 0.05, a; = —0.2,
ay = —0.2, az = —05, Op = 0.7, O = 02, Oz = 0.4, oN = 0.2, KpN = 0.6.

Again, we first examine how the information asymmetry between the two classes of investors
changes with oy and w. Figure 8 shows o5 and oy for different values of oy and w. As in the

case of market structure I, ogg can either increase or decrease with w, the fraction of class-1 (i.e.,
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the informed) investors. As oy increases, oyy increases when the population of class-1 investors
w is small, also similar to the result under market structure I. However, when the population
of class-1 investors is large (i.e., close to one), oss increases with oy initially but then starts
decreasing,. _
Figure 9 plots the risk premium and price volatility of the stock for different values of oy

and w. They behave in the similar way as under market structure I.
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Figure 9: Stock risk premium and price volatility under market structure II and asymmetric information.
The parameters are set at the following values: p = 0.1, ¥ = 20, r = 0.05, ag = —0.2, ay = —0.2, az = 0.5,
Op = 0.7, O = 0.2, Oz = 04, onN = 02, KpN = 0.6.

5.4. Comparison between market structure I and II.

In order to analyze the impact of derivatives trading on the informational efficiency of the
securities market, we now compare the equilibrium of the economy under market structure I
and II.

We first consider the change in 0gc from market structure I to II, which is plotted in figure
10 for different values of oy and w. For most values of ¢y and w under consideration, ogq
decreases from market structure [ to II, indicating that the information asymmetry between the
two classes of investors about the stock’s future cash flow decreases after the introduction of
collar. However, for certain values of w and oy, especially when w is small, the introduction of
collar trading can increase the information asymmetry in the market about the stock’s future
cash flow. In general, oyy decreases from market structure I to market structure [I. This is
not surprising since the addition of collar allows class-1 investors to more actively hedge their
non-traded risks. The increase in their hedging activities reveals more information through the

stock and collar prices about their hedging needs.
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Figure 10: Relative change in information asymimetry, as measured by class-2 (uninformed) investors’ con-
ditional variance of future dividends and class-1 (informed) investors’ exposure of non-traded risk, from
market structure I to II, for different values of w and oy. The figure in the right panel plots the intersection
at oy = 0.3. Other parameters are set at the following values: p = 0.1, v = 20, r = 0.05, ag = —0.2,
ay = —-0.2,az =—-0.5,0p =07, 06 =0.2, 07 =04, oy =0.2, kpn = 0.6.

Using a static, noisy rational expectations setup, Grossman (1977) argues that adding secu-
rities to the market should reveal more private information through a larger set of prices and
improve its informational efficiency. His results depend on the assumption that the allocational
trading (or noise trading) is exogenously specified and unchanged as new securities are intro-
duced. But allocational trading cannot be exogenously specified, especially when we consider
changes in the market structure. As we discussed in section 3, when the collar is introduced, in-
vestors change their stock trading significantly. An increase in allocational trading can actually
make stock prices less informative about its payoffs. In the case that the loss of information con-
tained in the stock price exceeds the gain of information from the collar price, the information
asymmetry in the market increases as the collar is introduced. Thus, opening the derivatives
market can actually reduce the informational efficiency of the market.

We now can examine the differences in equilibrium stock price between market structures
I and II. Figure 11(a) demonstrates changes in stock risk premium when the market structure
changes from I to II for different values of w and oy. At w = 1, the economy is only populated
with class-1 investors, hence becomes a case of identical investors. Changing market structure
does not change the equilibrium and security prices since the market is effectively complete in
this case. For most values of w < 1, opening the collar trading decreases the stock risk premium
since it reveals more information to class-2 (uninformed) investors about future stock dividends.
However, for certain values of oy when w is small, the stock risk premium can increase with the

opening of the collar trading. Not surprisingly, the values of ¢y and w for which the premium
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Figure 11: Relative change in stock risk premium and price volatility from market structure [ to II under
asymmetric information, for different values of w and &y. The figure in the right panel plots the intersection
at oy = 0.3. Other parameters are set at the following values: p = 0.1, ¥ = 20, r = 0.05, ac = —0.2,
ay = —0.2,az = —0.5, 0p = 0.7, 06 = 0.2, 0z = 0.4, on = 0.2, kpy = 0.6.

increases correspond to the same values for which the information asymmetry among investors
increases from market structure I to Il

Figure 11(b) shows changes in stock price volatility when the market structure changes from
I to II for different values of w and o,. The impact on stock price volatility by introducing
the collar into the market is ambiguous. It can either decrease or increase the stock price
volatility, depending on the parameter values. When the economy is mostly populated with
class-1 investors (but not completely), collar trading tends to reduce price volatility, which is
similar to the case under symmetric information. When the economy is mostly populated with
class-2 investors, the effect of information asymmetry is important. Here, for certain ranges of

oy, the stock price volatility increases when the collar trading opens.

6. Conclusion

In this paper, we analyze the impact of derivative trading on the allocational and informational
efficiencies of the securities market in a fully rational expectations framework. We show that
endogenous changes in investors’ allocational trading can make the market informationally less
efficient when new derivatives are introduced. We also show that introducing derivatives can

increase the stock risk premium and price volatility.

31



Appendix

A.1. Solution for investors’ optimization problem.

This appendix considers the solution to investors’ control problem when the vector of expected
excess share returns on all risky securities follows a continuous Gaussian Markov process. This
result will be used repeatedly in further deriving the equilibrium of the economy in different
situations.

Suppose that given the information of an investor ¢, F;, the vector of excess share returns is

governed by the process

th = (LQ.X’tdt + dewt
(LXt = (Lx.Xtdt + bxdwt

where w; denotes the innovations under F;. Here, we have omitted the index ¢ for F; and
w; for simplicity in notation. Also suppose his non-traded income follows the process dN; =
(BX:)bydw;. Further assume that ag, ax, bg, bx, by and 3 are constant over time. The investor’s
optimization problem can then be stated as

o
J: = sup E {—/ e"’(s"”)""c’dslft}
c, 8 t

s.t. th = (rWt—ct)dt + Hngt + (,BXt)bNdwt

where {c, 6} belong to the feasible policy set. We solve this problem by conjecturing that his

—pt—r'th-i-%X;vXc .

value function has the form J; = e It is easy to verify that J; satisfies the

Bellman equation when v solves the following equation:
0= (r7)%h ogoh ~ (ryBby—vbx) (ryBby—vbx) + rv — (vax+a,v) — 51{7™ (A.1)

where
1 _
= ané (ag+bob v—rybgd' 5 .
Also, J; satisfies the specified transversality condition. In this case, J; is indeed the value

function and the optimal policies are
1 1
Cy = TW: - :—.X{U)(t — —~1In r, gt = hXt
2 2
Thus, the solution to the investors’ optimization problem reduces to solving the algebraic matrix

equation (A.1).
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We now consider the solution to (A.1). Define three matrices ms, m; and mg by
maml = b [1 — bl (beby) ~bg| by
my = bgbgagé(aq—r‘ybqbgﬂ') + (;;—L—w() + ryBbyb'y (A.2)
momp = (ag—r7bgbkB) 054 (aq—r1bobyf') — (ryon) 288 - 51577
(A.1) can then be expressed as
momg + mjv + vm; — vmembv = 0. (A.3)

(A.3) is called the algebraic Riccati equation. The algebraic Riccati equation in generl have
multiple solutions. We need the “smallest” solution for the value function. For two square
matrices m and n, we define m > n if m — n is positive semi-definite. The strict inequality
applies when m — n is positive definite.

There exists the following result on the algebraic Riccati equation [see, e.g., Willems and
Callier (1991)]:

Lemma 1 If my and mg are full ranked, the algebraic Riccati equation (A.3) has a unique

largest (smallest) solution, which is symmetric and positive (negative) definite.

Thus, we only need m4 and mg to be full ranked for asolution to (A.1). Let v = stack{(rng. o). (05, D)}
where U is the sub-matrix of v that corresponds to the variable part of in X; (vop corresponds
to the constant part and ¥ the cross part). Also let g, My, M2 denote the sub-matrices of mq.

m, and my that correspond to 0. We then have the following equation for o:
oty + ™0 + 0my — UMty = 0. ()

We only need to solve for ¥ since given 9, solving 9 and vgp is trivial. It is obvious that 1,
is positive definite, since it is the conditional variance of X given (). Hence 7y is full ranked.
The existence of desired solution of ¥ only requires /g to be full ranked. The following lemma

is immediate:

Lemma 2 In the absence of non-traded income, the investor’s control problem given by (A.1)

has a unique solution.

Proof. Given linear price, momy = a,055aq if there is no non-traded income. Here

ag = :\P(ax——m) + A°. Since both 054 and —(ag —re) are symmetric positive definite, m =

<=l
(ag—ri)o55(ag—re) is also symmetric and positive definite. Thus, mo = (/\Pm%./\‘ 004 ) has
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full rank, and so does g. By lemma 1, there exists unique, smallest solution to investor’s

control problem. |

If investors have non-traded income, to ensure the existence of the solution, we need to

impose conditions on the parameters so that (mg, m,) is observable.

A.2. Equilibrium Under Complete Market.

Proof of theorem 1. In a complete market, investors can perfectly hedge the idiosyn-
cratic risk in their non-traded income. Therefore, the equilibrium with two heterogeneous
investors is the same as the case with one representative investor who has total exposure to
non-traded risk w(biyYe + 51,22:) + (1 — w)(BavYs + B2,27:) = Y; + B;7Z;. We conjecture
a linear equilibrium with price process P, = A?X;. The representative agent solves his con-
trol problem as defined in appendix A.1 with market clearing condition A = l’l’fi“. Define
b = {{vyy, Vyz}; {Vyz,vzz}}. Then ¥ satisfies the algebraic Riccati equation (A.3). The coeffi-
cients are my = diag{oy, 05}, m; = diag{§ — ay, § — az}, mo = ryon(1, B2).

Let do = r®y%0%, d) = (r—2ay)?/4 — dool, d3 = (r—2a;)%/4 — dooiB2, dz = —doB;, and
dy = \/d1dy — 020%d3. The condition (6) ensures that didz — 0202d% > 0. Solution % has the

following form:

dy+dy+2d
vyz=i\/[ 1 2 4

(dy — d2)/d3]% + 40%0%

1 .

Vyy = 292 [(f'—Qay) + davy; + [(dl—d2)/d3]vvz]
Oy
1

Ve = o7 [(r~205) + dsv7} ~ [(d1~ d2) /ds]y ]

1 2 :
voy = Voz =0, vgo =ryAj+ ;(Uf,vyy+a§vzz) + ;(r—p—rln r)
Note we have four different roots for © corresponding to the four choices of vy ;. We denote 9~

as the one corresponding to

o = dy +dy — 2d4
Y27V (di = d2)/ds]? + 40202

It is easy to check that the difference matrix between o~ and the other ¢’s is always negative

._pt—r'vW¢+%Xt’v/\'¢ Having

definite. Therefore, ¥~ maximizes investors’ value function J; = —e
solved ¥, we can easily solve A from the market clearing condition and consequently v =
diag{voo, 0}. The equilibrium stock price is

1

r—ag

St = Gt + :\S)Zt
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where

s _ —r70on [Vyz20% + (r=az—-0%vz5))
(r—az—0%vzz)(r—ay—oivyy) — vi,020%

AS = —TrY0pyN [UYZU?I + (r—ay—oZvyy)]
27 (r—az—02vzz)(r—ay—oivyy) — vi,0k02

1
3= =7 |0+ et + Akl + Ao

(r—ag)

The optimal consumption policy is
1 -, ¢ 1
et =rWy - —XjwX;— =Inr
2y v

Using optimal consumption policy, we can solve the price for any traded security using

Ci4-dts t+ dt)

4
rhdt = Ey [“ : w'(ct, t) (dct+dﬂ)}

where u' denotes investor’s marginal utility, and Cy = f(f f( Xt t)dt + bedws is the cumulative
payoff for the security. Using Ito’s lemma, we can get the following differential equation for any

price process P.
1 .
rP =8P+ f+X'd 0xP+ St (axxaiP) ~ [ryA%by + (ryBby—vbx) Xy (b 0x P+b.) (A.5)

where 3 = (0,1, 82). ]

A.3. Proof of proposition 1 and 2.

Proof of proposition 1. Given linear stock price P, = A?Xy, the expected returns on the
securities follow continuous Gaussian Markov process. Applying the result in appendix A.1, we
conclude that v satisfying (11a) solves investors’ control problem. To show that the economy is
in equilibrium, we only need to check that under this linear price, investors’ total demand clears
the market. The market clearing condition is described by equation (11b). Therefore, solving

the equilibrium under linear price is equivalent to solving the system (11a)-(11b). |

Proof of proposition 2. It is similar to the symmetric case. As shown in section 5.1, under the
linear price, the uninformed investors’ conditional expectation of the unobserved state variables
solves the Riccati equation in (13b). Also, the expected returns on the securities follow continu-
ous Gaussian Markov process. From appendix A.1, we know that v satisfying (14a) solves both

investors’ control problems. The market clearing condition should be
1Y = by Xy + (1—w)ha Xy
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As defined in section 5.1,
Xo; = stack{1,6,} = stack{1, A,+6,} = stack{l, adi+0,} = (1) X1y

Thus, we have (14b) as market clearing condition. Solving the equilibrium under linear price is

then equivalent to solving the system (13b), (14a) and (14b). n

A.4. Existence proofs.

In this section, we prove the existence of a solution to the systems described in theorem 2 and 3
using Implicit Function Theorem[see, Protter and Morrey (1991)]. The proof sketches as follows:
First, we'show that for a fixed parameter, the system has a solution. Then, we show that at the

solution, Jacobian matrix is generically non-degenerate.

Definition 1 Let D be an open set in R™. A function f : D — R™ is called generically non-

degenerate if the n-dimensional Lebesgue measure of its zero set {z : f(z) = 0} equal to 0.

Therefore, by Implicit Function Theorem, the system has a solution in a neighborhood of the

initial parameter.

Lemma 3 (Implicit Function Theorem) Let D be an open set in R™+™ containing the point
(zo,Yo). Suppose that F : D — R™ is continuous and has continuous first partial derivatives in
D. Suppose that

F(zo,90) =0 and det(V.F(zo,y0)) # 0. (A.6)

Then positive numbers ¢, and €, can be chosen so that:

1. the direct product of the closed balls By, (2o, €;) and By (yo, €,) with centers at zq,yo and

radii €; and €, respectively, is in D;

2. €; and €, are such that for each y € B, (yo, €y) there is a unique x € By, (2o, €;) satisfying
F(z,y) = 0. If f is the function from B, (yo, €y) to By (zo, €;) defined by these ordered pairs
(z,y), then F(f(y),y) = 0; furthermore, f and all its partial derivatives are continuous

on Bn(yo, €y).

Lemma 4 Let f: D — R be a real analytic function, where D = D1®---QD,, is an open subset
of R*. Let N = {z € D: f(z) = 0} be its zero set. Then either N' =D or p,(N) = 0 where p,

is the n-dimensional Lebesgue measure.
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Proof. We will prove by induction. First note that A is closed and therefore measurable. For
n = 1, N is either finite, or has an accumulation point. In the latter case we have from [see,
Ahlfors (1979)] that the function f is identically zero on D. Noting that any finite set has zero
Lebesgue measure concludes this part of proof.

Let us assume the conclusion of the lemma holds for certain £ > 1 and prove it for n = k+1.
Denoting f as a function of two variables f(¢,z) on " D1@D2, where Dy = D2®- - -@Dj41. We see
that f is a real analytic function in both ¢ and z separately as well. Consider the set S = {te
Dy :Vz €Dy, f(t,2)=0}. Fort¢S we have [, f(t.2) dz = 0 by the inductive assumption. If set
S is finite, it is of zero Lebesgue measure in D,. Therefore un(N) = fp fp, 1f(t12)=0dz dt =0
by Fubin§ theorem [see, e.g., Doob(1991)]. If, on the other hand, S is not finite, then it has
an accumulation point. From the result of n = 1, we see that for any fixed z € D,, f(t,2) is

identically zero in D;, and therefore identically zero on D = D;®D; which closes the proof. =
Lemma 5 Under symmetric information, system (11a)-(11b) has a solution for o, = 0.

Proof. When o, = 0, the two investors are facing the same non-traded risk. Therefore,
the market is essentially complete in the sense that no trading will occur. Applying result in
appendix (A.2), we conclude that there exists a solution. ]
Proof of theorem 2. To conform to the notation of the Implicit Function Theorem, we
reformulate our system as F(z,y) = 0, where F = (Fy, Fy, F3), with Fy, F, corresponding
to equation (1la) for ¢ = 1,2, respectively, and F3 corresponding to equation (11b). Define
x = [[v1], [ve], AT], where [v1], [ve] are the coefficients in investors’ value function, and A? is
the coefficient of the price process. (Here we use [v] to denote the vector of all non-identical
entries in matrix v.) Define y = [r, v, p,w, a¢, ay,az,0p,0¢, 0y, 02,0, [k]] ([] is the covariance
coefficients among all shocks) as the vector of all parameters for system (11a)-(11b). We denote
y = (7, 9), where § = 05 is the variable and g is rest of the parameters.

From lemma 5, 3¢, such that F'(zo, Jo, J) = 0 for Jo = 0. By lemma 6, the Jacobian of F at
point (o, Yo, §) is generically non-degenerate. Therefore, by Implicit Function Theorem, there

exists a solution to system (11a)-(11b) for o, close to 0. |
Lemma 6 det(V,F(zo, 9o, 7)) is generically non-degenerate.

Proof. Define f(§) = det (V.F(zo,J0.7)). It is clear that f(g) is analytic. Also, for go =
1,1,1,.5,0,0,0,1,1,1,0,0], f(gho) # 0. Applying the result of lemma 4, we conclude that
det (V; F(zo, Jo, 7)) is generically non-degenerate. [

Proof of theorem 3. The proof is similar to that of theorem 2. =
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Lemma 7 Under asymmetric information, if the parameters satisfy assumption (6), then sys-
tem (13b), (14a)- (14b) has a solution for w = 1.

Proof. When w = 1, the equilibrium price should be the same as the representative investor case
with all investor being informed. This is because the uniformed investor has no impact on the
equilibrium prices. Therefore, in equilibrium, the informed investor solves his control problem
without any consideration to the uninformed investor. The uninformed then takes prices as
given and form his rational expectation about the unobserved state variable. Consequently, he
solves his control problem based on his new information set. '

From appendix A.2 we know that there exists a solution to the informed investor’s control
problem and the stock price process.

The uninformed investor’s expectation of the unobservable state variable satisfies equation
(13b). Let a be the 3x(3—m) matrix that maps A; to A, in section 5.1, then 0 = a — o, where
— is full rank sub matrix of 0. Simple algebra shows that equation (13b) reduces to the algebraic
Riccati equation (A.3) with mamh = o/a}y (bsbly) "tasa, my = [ (al(beb}) ™ (bob}) + @6)] |(3-m)x(3-m)
and mom{ = [(bebl) (bsb}) ™1 (bob}) + bobly] |(3-mix(3-m)- Here |(3m)x(3-m) means taking the first
(3—m) x (3—m) sub matrix. Using the same argument as in appendix A.1l, we can see that

mam} = o' Am(a’))’ where m = ajo;;

ae is symmetric and positive definite. Therefore, ms
is full rank. mgmy is the sum of two covariance matrix and is therefore both symmetric and
positive definite. So, mg has full rank. We conclude that (my, mj) is controllable and (my. nzl)A
is observable. By lemma 1, the conditional expectation has unique positive definite solution.
The uninformed investor has no non-traded income, and he takes prices as given. Civen
his rational expectation about the unobserved state variables, he solves his control problem as
defined in appendix A.1. By lemma (2), his control problem has a solution. Thus. for w = 1,

system (13b), (14a)-(14b) has a solution. ]

Proof of theorem 4. To conform to the notation of the Implicit Function Theorem. we
reformulate our system as F(z,y) = 0, where F = (F, Fy, F3, Fy) with Fy, F; corresponding to
(14a) ¢ = 1,2, respectively, F3 corresponding to (14b) and Fy to (13b).

Similar to the proof of theorem 1, we define & = [[v], [v2], A¥, [0]] where o is uninformed
investor’s conditional variance of the unobserved state variables. Define y to be the »ame as in
theorem 1. Denote y = (g, §), where § = w is the variable and 7 is rest of the parameters.

From lemma 7, 3z¢, such that F(zo, §o, J) = 0 for §o = 1. By lemma 8, the Jacobian of F' is
generically non-degenerate at (zq, o, J). Therefore, by Implicit Function Theorem, there exists

a solution to system (13b), (14a)-(14b) for w close to 1. =
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Lemma 8 det (V. F(zo,J0,J)) is generically non-degenerate.

Proof. The proof is similar to that of lemma 6. Note that f(7) is analytic, and f(fo) # 0
at % =[1,1,1,0,0,0,1,1,0,0,0,0]. By lemma 4, we see that det (V. F(zo, Jo, 7)) is generically
non-degenerate. |

Proof of theorem 5. The proof is similar to that of theorem 4. =
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