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a b s t r a c t

This paper addresses how asymmetric information, fads and Lévy jumps in the price of an asset affect the
optimal portfolio strategies and maximum expected utilities of two distinct classes of rational investors
in a financial market. We obtain the investors’ optimal portfolios and maximum expected logarithmic
utilities and show that the optimal portfolio of each investor is more or less than its Merton optimal.
Our approximation results suggest that jumps reduce the excess asymptotic utility of the informed inves-
tor relative to that of uninformed investor, and hence jump risk could be helpful for market efficiency as
an indirect reducer of information asymmetry. Our study also suggests that investors should pay more
attention to the overall variance of the asset pricing process when jumps exist in fads models. Moreover,
if there are very little or too much fads, then the informed investor has no utility advantage in the long
run.
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1. Introduction

Asset pricing and portfolio selection problems are central issues
in financial engineering. In an efficient market, it is assumed that
asset prices always fully reflect available information, and all
investors have the same amount of information to utilize for port-
folio selection. However, one of the most striking developments of
the last few decades was how the most dearly held notions of mar-
ket efficiency, the positive relationship between return and non-
diversifiable risk, and dividend discount models were put into
question. This was due to the strong unanticipated price volatility
in asset markets such as stock, bond, currency and real estate mar-
kets. Empirical studies in LeRoy and Porter (1981) and Shiller
(1981) were among the first to assert that there are many market
anomalies including excess volatility caused by investor overreac-
tion and under-reaction, fashions and fads (mispricing). More re-
cent behavioral finance articles such as Easley, Hvidkjaer, and
O’Hara (2002), Yuan (2005), Easley, Engle, O’Hara, and Wu
(2008), Bharath, Pasquariello, and Wu (2009), Caskey (2009), Biais,
Bossaerts, and Spatt (2010), Hayunga and Lung (2011), Kelly and
Ljungqvist (2012), Serrano-Padial (2012), Vayanos and Wang
(2012) and Mendel and Shleifer (2012) also argued for the exis-
tence of these market anomalies. Consequently, it is a fact that
the asset pricing and portfolio selection should be studied in an
inefficient framework.

According to Kelly and Ljungqvist (2012), information asymme-
try has a substantial effect on asset prices and demands which af-
fects assets through a liquidity channel. Asset pricing models under
asymmetric information rely on a noisy rational expectation equi-
librium in which prices partially reveal the better informed inves-
tors’ information due to randomness in the assets supply.
Examples of such studies are Grossman and Stiglitz (1980), Admati
(1985), Wang (1993) and Easley and O’Hara (2004) who show that
increases in information asymmetry lead to a fall in share prices
and a reduction in uninformed investors’ demand for the risky as-
set. Thus, asymmetric information plays an important role in asset
pricing models when it exists.

The link between asset mispricing and asymmetric information
was first studied by Shiller (1981) and Summers (1986) in a purely
deterministic and discrete setting, and later extended by Wang
(1993), Guasoni (2006) and Buckley, Brown, and Marshall (2012)
to the purely continuous random environment. In this framework,
it is assumed that the asset has both the fundamental value and
market value, and there are two types of investors: informed inves-
tors (i.e., institutional investors with internal research capabilities),
who observe both fundamental and market values, and unin-
formed investors (i.e., retail investors who rely on public informa-
tion in order to make investment choices), who only observe
market values. The difference between the market value and the
fundamental value represents the current mispricing of the asset.

It is well known that asset return distributions are heavy tailed
and skewed, which are at odds with the classical geometric
Brownian motion models. Lévy models are among the most

0377-2217/$ - see front matter Published by Elsevier B.V.
http://dx.doi.org/10.1016/j.ejor.2013.10.037

⇑ Corresponding author. Tel.: +1 9728832382.
E-mail address: sandun.perera@utdallas.edu (S. Perera).

European Journal of Operational Research 236 (2014) 200–208

Contents lists available at ScienceDirect

European Journal of Operational Research

journal homepage: www.elsevier .com/locate /e jor



Author's personal copy

popular alternative models proposed to address this issue. Jumps
in asset prices can have a very big impact on returns and mispric-
ing. According to Summers (1986), asset prices can have large
jumps away from their fundamental values. This leads to poten-
tially large increases in fads. Consequently, the impact of fads
may be more significant in affecting investment strategies and ex-
pected utility when asset prices jump. In this spirit, we propose a
mispricing model under asymmetric information in a Lévy market
where asset price jumps, while the mispricing is modeled by a con-
tinuous Ornstein–Uhlenbeck process and utility is logarithmic. We
obtain explicit formulas for optimal portfolios and maximum ex-
pected logarithmic utilities for both the informed and uninformed
investors, and prove that the optimal portfolio of each investor is
more or less than its Merton optimal.

Under quadratic approximation of the portfolios, we show that
the investors hold excess risky asset if and only if the ratio of first
and second instantaneous centralized moments of return is greater
than the Merton optimal. We also show that the excess asymptotic
utility of the informed investor has an identical structure to contin-
uous market counterpart, except that it is much less as a result of
having a smaller adjusted mean reversion speed, which has a
dampening effect on the excess utility. This adjusted mean-rever-
sion speed, is a fraction of the original reversion speed of the mis-
pricing process that has been reduced by the extra volatility arising
from the jumps in the asset price. Notwithstanding the presence of
asymmetric information, mispricing and jumps, our model shows
that it pays to be more informed in the long run. However, if there
is no mispricing, the informed investor has no utility advantage in
the long run. Our study also shows that the overall variance of the
asset process becomes more important for investors when jumps
exist in the asset market.

The rest of the paper is organized as follows. In Section 2, we re-
view the related literature. Section 3 presents the model, which in-
cludes filtrations and price dynamics of informed and uninformed
investors. In Section 4, we consider the maximization problem of
logarithmic utilities and obtain the optimal portfolios for informed
and uninformed investors. Asymptotic results and quadratic
approximations of logarithmic utilities and optimal portfolios are
presented in Section 5. Section 6 concludes the paper. All the
proofs and additional results are given in the Appendix.

2. Related literature

Discrete-time mispricing (fads) models for stocks under asym-
metric information were first introduced by Shiller (1981) and
Summers (1986), as plausible alternatives to the efficient market
or constant expected returns assumption (cf Fama, 1970). Bru-
nnermeier (2001) presented an extensive review of asset pricing
under asymmetric information mainly in the discrete setting. He
showed how information affects trading activity, and that expected
return depends on the information set or filtration of the investor.
These models show that past prices still carry valuable informa-
tion, which can be exploited using technical (chart) analysis that
uses part or all of past prices to predict future prices.

Wang (1993) presented the first continuous-time asset pricing
model under asymmetric information, and obtained optimal port-
folios for both the informed and uninformed investors. In this pa-
per, investors have different information concerning the future
growth rate of dividends, which satisfies a mean-reverting Orn-
stein–Uhlenbeck process. Informed investors know the future div-
idend growth rate, while the uninformed investors do not. All
investors observe current dividend payments and stock prices.
The growth rate of dividends determines the rate of appreciation
of stock prices, and stock price changes provide signals about the
future growth of dividends. Uninformed investors rationally ex-

tract information about the economy from prices, as well as divi-
dends. Hence, in this paper, the fundamental value of the asset at
any point is a function of stock price, dividend stream and dividend
growth rate while mispricing is a function of dividend growth rate
only.

Guasoni (2006) extends Shiller (1981) and Summers (1986)
models to the purely continuous random setting. He studies a con-
tinuous-time version of these models both from the point of view
of informed investor, who observe both fundamental and market
values, and from that of uninformed investor, who only observe
market prices. He specifies the asset price in the larger filtration
of the informed investor, and then derive its decomposition in
the smaller filtration of the uninformed investor using the Hitsuda
representation of Gaussian processes. Uninformed investors, have
a non-Markovian dynamics, which justifies the use of technical
analysis in optimal trading strategies. For both types of investors,
he solves the problem of maximization of expected logarithmic
utility from terminal wealth, and obtain an explicit formula for
the additional logarithmic utility of informed agents. He also ap-
plies the decomposition result to the problem of testing the pres-
ence of fads from market data. An application to the NYSE-AMEX
indices from the CRSP database shows that, if the fads component
prevails, then the mean-reversion speed must be slow.

Buckley et al. (2012) extended Guasoni’s model for stocks fol-
lowing geometric Brownian motion to constant relative risk averse
investors when mispricing follows a continuous mean-reverting
Ornstein–Uhlenbeck process. They obtained analogous but more
general results which nests those of Guasoni (2006) as a special
case of the relative risk aversion being one. Even though the no-
tions of asymmetric information and fads in our model is analo-
gous to Guasoni (2006), Buckley et al. (2012) and Wang (1993),
we model the asset dynamics using a Lévy process motivated by
Schoutens (2003), Cont and Tankov (2004), Kyprianou, Schoutens,
and Wilmott (2005), Singleton (2006), Kou (2007), Øksendal and
Sulem (2007) and Wu (2007). Our model applies to any asset that
has a fundamental value and the mispricing is simply the differ-
ence between the fundamental value and the observed value of
the asset. Hence, our model is applicable to broader class of assets
such as stock, bond, currency and real estate. Furthermore, we ob-
tain the maximum expected utilities for both the informed and
uninformed investors in a Lévy jump market. Hence, our model
is more general and applicable, since it captures jumps, and as
such, practically different from the extant literature.

It is also worth noting that our specification of the information
asymmetry is different from that of the insider trading models
such as Karatzas and Pikovsky (1996) and Amendinger, Imkeller,
and Schweizer (1998). Like Guasoni (2006), we specify the price
dynamic in the larger filtration of the informed investor, and then
obtain the dynamic for the uninformed investor by contracting the
larger filtration using the Hitsuda representation. In contrast, insi-
der trading models specify the asset price dynamic of the smaller
filtration of the uninformed investor. The novel information avail-
able to the insider (informed) investor is then added to the filtra-
tion of the uninformed to create the filtration of the insider
investor by enlargement.

3. The model

The model consists of two assets, namely a riskless asset B
called bond, bank account or money market, with price
Bt ¼ exp

R t
0 rs ds

� �
, and a risky asset S, called asset in the sequel

for simplicity. The bond earns a continuously compounded risk-
free interest rate rt , while the continuous component of asset’s per-
centage appreciation rate or expected return is lt , at time t 2 ½0; T�.

W. Buckley et al. / European Journal of Operational Research 236 (2014) 200–208 201



Author's personal copy

The asset is subject to volatility rt > 0. Market parameters lt ; rt

and rt are assumed to be deterministic functions.
There are two investor classes consisting of informed and unin-

formed investors. The informed investor indexed by i ¼ 1, has
knowledge of both the asset price and its fundamental or true va-
lue. Consequently, the informed investor has knowledge of the
mispricing in the asset price at each time t, in the investment per-
iod ½0; T�. The uninformed investor, indexed by i ¼ 0, has knowl-
edge of the asset price only. Although this investor is aware of
the existence of mispricing, it cannot be observed directly. This
investor therefore resorts to the use of technical analysis to assist
in trading. Parameters and other characteristics of informed and
uninformed investors, are indexed by ‘‘1’’ and ‘‘0’’, respectively.
Investors have filtrations (information flows) Hi

t contained in F ,
where H0

t � H1
t � F ; t 2 ½0; T�. All random objects for the ith inves-

tor live on a filtered probability space ðX;F ;Hi;PÞ.
Although each investor observes the same asset price S, its dy-

namic depends on the filtration of the observer. We assume that
the asset has log return dynamic:

dðlog StÞ ¼ ðlt �
1
2
r2

t Þdt þ rtdYt þ dXt; t 2 ½0; T�; ð1Þ

Yt ¼ pWt þ qUt ; p2 þ q2 ¼ 1; p P 0; q P 0; ð2Þ
dUt ¼ �kUt dt þ dBt ; k > 0; U0 ¼ 0; ð3Þ

Xt ¼
Z t

0

Z
R

xNðds; dxÞ; ð4Þ

where W and B are independent standard Brownian motions inde-
pendent of X, while U ¼ ðUtÞ is a mean-reverting Ornstein–Uhlen-
beck process with rate k, and X is a pure jump Lévy process
having a sigma-finite Lévy measure v on BðR� f0gÞ, with triple
ðc; 0;vÞ where c ¼

R
jxj<1 xvðdxÞ. N is a Poisson random measure on

Rþ � BðR� f0gÞ that is linked to the asset. It counts the jumps of
X in the time interval ð0; tÞ.

The return of the asset has three components; a continuous
component l�t ¼ lt � 1

2 r
2
t ; a diffusive component rtYt which is

random, and a discontinuous component Xt , which is also random.
The process Y ¼ ðYtÞtP0, the continuous random component of ex-
cess return, and the mean-reverting O-U process U ¼ ðUtÞtP0 repre-
senting the mispricing, are defined as in Guasoni (2006), where U
satisfies the Langevin stochastic differential Eq. (3). This admits a
unique solution

Ut ¼ U0 e�kt þ
Z t

0
e�kðt�sÞdBs ¼

Z t

0
e�kðt�sÞdBs;

with EUt ¼ 0 and EU2
t ¼ VarðUtÞ ¼ 1

2k ð1� e�2ktÞ. Applying Itô’s for-
mula to (1) yields the percentage return dynamic:

dSt

St�
¼ ltdt þ rtdYt þ

Z
R

ðex � 1ÞNðdt;dxÞ; t 2 ½0; T�: ð5Þ

By solving the Eq. (5), we have

St ¼ S0 exp
Z t

0
ðls �

1
2
r2

s Þdsþ
Z t

0
rsdYs þ Xt

� �
:

3.1. Filtrations or information flows of the investors

For the informed investor, we take H1 ¼ ðH1
t ÞtP0 to be the com-

pleted filtration generated by W; B and X, augmented by the P-null
sets of F . That is, the filtration of the informed investor is

H1
t , r ðWs;Bs;Xs : s 6 tÞ _ r ðN Þ;

where N ¼ fD � X : 9A 2 F ;D � A;PðAÞ ¼ 0g.
The uninformed investor observes only the asset price S and

does not have any information on the mispricing process U,

although that investor may be aware that mispricing exists. These
investors have filtration H0 ¼ ðH0

t ÞtP0 defined as

H0
t ¼ F 0

t _ rðXu : u 6 tÞ; t 2 ½0; T�;

where F 0
t ¼ rðYs : s 6 tÞ with Y and X are defined by Eqs. (2)–(4).

Note that X and Y are independent, since X; W; U are independent.
Clearly, F 0

t � H0
t � H1

t � F .

3.2. Asset price dynamics for the investors

We shall establish asset price dynamics for the two types of
investors based on the corresponding information flows of the
investors. For the informed investor, from (2) and (3), we have

dYt ¼ t1
t dt þ dB1

t ; ð6Þ

where t1
t ¼ �kqUt , and B1 ¼ pW þ qB. By using Lévy Characteriza-

tion Theorem (cf Applebaum, 2004 or Protter, 2004), it is easy to
see that B1 is an H1-adapted Brownian motion. Applying the Eq.
(6) to Eq. (5) yields the percentage return dynamic of informed
investor

dSt

St�
¼ l1

t dt þ rtdB1
t þ

Z
R

ðex � 1ÞNðdt;dxÞ; ð7Þ

where l1
t ¼ lt þ t1

t rt . For the uninformed investor, from Theo-
rem 2.1 of Guasoni (2006), there exist an F 0-Brownian motion B0

and a process t0
t adapted to F 0

t , such that for each t 2 ½0; T�,

dYt ¼ t0
t dt þ dB0

t ; ð8Þ

where t0
t ¼ �k

R t
0 e�kðt�uÞð1þ cðuÞÞdB0

u with cðuÞ ¼ 1�p2

1þp tanhðpkuÞ � 1.
Since F 0

t � H0
t , then B0

t and t0
t are also adapted to H0

t . Applying
the Eq. (8) to Eq. (5) yields the percentage return dynamic of unin-
formed investor

dSt

St�
¼ l0

t dt þ rtdB0
t þ

Z
R

ðex � 1ÞNðdt;dxÞ; t 2 ½0; T�; ð9Þ

where l0
t ¼ lt þ t0

t rt .

4. Optimal portfolios and utility maximization

We obtain optimal portfolios and derive closed-form solutions
of the maximum expected utilities for both the informed and unin-
formed investors in this section. We first need to introduce some
preliminary definitions before we present our main results of this
section.

4.1. Portfolios and wealth processes of the investors

Definition 1. The process p � pi : ½0; T� �X�!R is called the
portfolio process of the ith investor, if pi

t is Hi
t-adapted and

E
R T

0 ðpi
trtÞ

2
dt <1.

Note that pi
t is really pi

tðxÞ; x 2 X and hence, is a random
process. pi

t is the proportion of the wealth of the ith investor that
is invested in the risky asset at time t 2 ½0; T�. The remainder,
1� pi

t , is invested in the bond or money market. Where it is clear,
we drop the superscript ‘‘i’’ and simply use p for the portfolio
process.

Definition 2. The wealth process for the ith investor is
Vi;p; x : ½0; T� �X�!R where Vi;p; x

t is the value of the portfolio
consisting of the risky asset and bond at time t, when pi

t is invested
in the risky asset and the initial capital is x > 0.

For brevity, we denote this process by Vi;p ¼ ðVi;p
t Þ or simply

Vi ¼ ðVi
tÞ; t 2 ½0; T� when the context is clear.
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4.2. The dynamics of the wealth processes of the investors

Let Vi
t be the wealth of the ith investor at time t resulting from the

investment of pi
t in the risky asset. Assume that the bond earns contin-

uously compounded risk-free interest rate rt . Let ni
t � nt be the number

of risky assets in the portfolio at time t. Then pi
t ¼ nt St�

Vi
t�

, where Vi
t� is the

value of the portfolio just before time t. It follows that

dVi
t ¼ ð1� pi

tÞV
i
t� rt dt þ ntdSt ¼ ð1� pi

tÞV
i
t� rt dt þ pi

t V i
t�

dSt

St�
:

Therefore dVi
t

Vi
t�
¼ ð1� pi

tÞ rt dt þ pi
t

dSt
St�

. By using the asset percentage

return dynamics (7) and (9), the wealth process Vi of the ith inves-
tor has dynamic

dVi
t

Vi
t�
¼ ðpi

trth
i
t þ rtÞdt þ pi

trtdBi
t þ
Z

R

pi
tðex � 1ÞNðdt;dxÞ; ð10Þ

where hi ¼ li�r
r is the Sharpe ratio. By applying Doleans-Dade expo-

nentials to the Eq. (10), we find that the discounted valueeV i
t ¼ Vi

t exp �
R t

0 rsds
� �

is given by

eV i
t ¼ Vi

0 exp
Z t

0
½pi

srsh
i
s �

1
2
ðpi

sÞ
2r2

s �dsþ
Z t

0
pi

srsdBi
s

�

þ
Z t

0

Z
R

logð1þ pi
sðex � 1ÞÞNðds; dxÞ

�
: ð11Þ

From the foregoing, we may effectively set the interest rate r to
be zero, and use the discounted wealth process eV i instead of the
wealth process Vi, to analyze the utility from terminal wealth. Thus
Vi

T is equivalent to the discounted terminal wealth eV i
T . Conse-

quently, we maximize the utility from terminal wealth using the
discounted terminal wealth eV i

T .

4.3. Optimal portfolios and logarithmic utility maximization

For analytical tractability, we assume that all investors have log-
arithmic utility function uðxÞ ¼ log x. Let GðpÞ ,

R
R

logð1þ
pðex � 1ÞÞvðdxÞ for p 2 ½0;1�. From the terminal wealth eV i

T given
by (11) with t ¼ T and Vi

0 ¼ x, we get

uðeV i
TÞ ¼ log xþ

Z T

0
ðpi

srsh
i
s �

1
2
ðpi

sÞ
2r2

s Þdsþ
Z T

0
pi

srsdBi
s

þ
Z T

0

Z
R

logð1þ pi
sðex � 1ÞÞNðds;dxÞ: ð12Þ

Taking expectation of (12) yields

EuðeV i;pi

T Þ � E log eV i;pi

T ¼ log Vi
0 þ E

Z T

0
ðpi

srsh
i
s �

1
2
ðpi

sÞ
2r2

s Þds

þ E
Z T

0
pi

srsdBi
s þ E

Z T

0

Z
R

logð1þ pi
sðex � 1ÞÞNðds;dxÞ;

¼ log Vi
0 þ E

Z T

0
ðpi

srsh
i
s �

1
2
ðpi

sÞ
2r2

s Þdsþ E
Z T

0
Gðpi

sÞds:

Since pi
trth

i
t � 1

2 ðpi
tÞ

2r2
t ¼ 1

2 ðh
i
tÞ

2 � 1
2 ðpi

trt � hi
tÞ

2
, the expected loga-

rithmic utility from discounted terminal wealth eV i
T for the ith inves-

tor is given by

EuðeV i;pi

T Þ ¼ log Vi
0 þ

1
2

E
Z T

0
ðhi

tÞ
2
dt þ E

Z T

0
f iðpi

tÞdt; ð13Þ

where

f iðpi
tÞ ¼ �

1
2
ðpi

t rt � hi
tÞ

2 þ Gðpi
tÞ: ð14Þ

Now let Vi
0 ¼ x. We seek a portfolio process p ¼ ðptÞtP0 in an admis-

sible set AiðxÞ defined by

AiðxÞ ¼ fpi;pi is Hi � predictable such that eV i;pi

t > 0 a:s: 8t 2 ½0; T�g:

p is predictable if it is measurable with respect to the predictable
sigma-algebra on ½0; T� �X, which is the sigma-algebra of all left
continuous functions with right limits on ½0; T� �X. The optimal
portfolio for the ith investor is p�;i 2 AiðxÞ such that

Eðlog eV i;p�;i
T Þ ¼ max

p2AiðxÞ
E log eV i;p

T :

That is, p�;i ¼ arg maxp2AiðxÞE log eV i;p
T .

Since ht � hi
t does not depend on pt , we see from (13) that

E log eV i;p
T is maximized if and only if E

R T
0 f iðpi

tÞdt is maximized.
That is, if f ðpÞ is maximized on the admissible set AiðxÞ. This ap-
proach is similar to the optimization method used by Liu, Longstaff,
and Pan (2003), and yields the same optimal as the HJB approach.
We can now present the main results of this section.

Theorem 1. Assume that Gð�Þ is twice differentiable with respect to p.

ðaÞ Let pi 2 AiðxÞ and hðpiÞ ¼ �pi þ hi

r þ
G0ðpiÞ
r2 with i 2 f0;1g, then

f iðpÞ is strictly concave on R, with unique maximum at p�; i, which is

the optimal portfolio for the ith investor and satisfies hðp�; it Þ ¼ 0, i.e.

p�; it ¼
hi

t
rt
þ G0ðp�; i

t Þ
r2

t
; t 2 ½0; T�. Furthermore, if hð0Þ ¼ hi

r þ 1
r2

R
R
ðex � 1Þ

mðdxÞP 0 and hð1Þ ¼ �1þ hi

r þ 1
r2

R
R
ð1� e�xÞmðdxÞ 6 0, then there

exists a unique admissible optimal portfolio p�; it 2 AiðxÞ.ðbÞ For the ith
investor, the maximum expected logarithmic utility from terminal
wealth is given by

uiðxÞ � max
p2AiðxÞ

E log eV i;p
T ¼ log xþ 1

2
E
Z T

0
ðhi

tÞ
2
dt þ E

Z T

0
f iðp�; it Þdt;

where p�; it 2 AiðxÞ is the optimal portfolio for the ith investor.

We first note that the optimal portfolio p�; i is random in general
and becomes deterministic when there is no information asymme-
try. When there is information asymmetry, the drift term in the re-
turn dynamics are random, and hence, the optimal demand for the
risky asset is random. If there is no information asymmetry, then
both investors observe both fundamental and market values of
the asset. Hence, there is no mispricing, which means U � 0, and
therefore the return dynamics are the same, yielding a common
deterministic Merton optimal for the demand of the risky asset.

We can also analyze our results in Theorem 1 in terms of con-
tinuous and discrete parts, in line with the Merton’s GBM model.
The Merton (1971) optimal portfolio p�Mer for an asset with GBM
dynamics: dSt ¼ ltStdt þ rtStdBt , is p�MerðtÞ ¼ ht

rt
¼ lt�rt

r2
t

. We now de-

fine for t 2 ½0; T�;pi
t; c ¼ hi

rt
;pi

t; d ¼
G0ðpi

tÞ
r2

t
;ui

T; cðxÞ ¼ log xþ 1
2 E
R T

0 ðh
i
tÞ

2
dt

and ui
T; dðxÞ ¼ E

R T
0 f iðpi

tÞdt, where pi
t; c and pi

t; d are the continuous
and discrete components, respectively, of the portfolio pt , and
ui

T; c and ui
T; d are corresponding components of the maximum ex-

pected logarithmic utility based on an optimal portfolio p with
investment horizon T. The processes pi

t; c and pi
t; d are assumed to

be adapted to their filtrations Hi for i 2 f0;1g.
With these notations, part ðaÞ of Theorem 1 states that for both

the informed and uninformed investors, there is a unique optimal
portfolio p�; i 2 AiðxÞ, such that p�; i ¼ p�; ic þ p�; id � p�; iMer þ p�; id , where
p�; ic is the Merton optimal1and p�; id is the excess asset holding result-
ing from the jumps for ith investor. Furthermore, part ðbÞ establishes

1 The classical definition of the Merton (1971) optimal portfolio, p�Mer is presented
for an asset with GBM dynamics, and p�Mer is deterministic. In our case, p�; iMer is defined
for asset dynamics dSt ¼ li

tStdt þ rtStdBi
t , for each investor with mispricing, and p�; iMer

is random. However, we still call p�; iMer the Merton optimal portfolio as the underline
definitions are identical.
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that the maximum expected logarithmic utility from terminal wealth
for each investor, having x > 0 in initial wealth, is given by
uiðxÞ � ui

TðxÞ ¼ ui
T; cðxÞ þ ui

T ; dðxÞ. That is, uðxÞ � uTðxÞ ¼ uT; cðxÞþ
uT; dðxÞ, where uT; cðxÞ is the maximum expected logarithmic utility
from terminal wealth for the purely continuous Merton case with
optimal portfolio p�c and uT; dðxÞ is the excess utility resulting from
the jumps.

The value uT; dðxÞ depends on the growth rate of G. We achieve
optimality if G is twice differentiable. That is, if

G00ðpÞ ¼ �
R

R

ðex�1Þ2vðdxÞ
ð1þpðex�1ÞÞ2

finitely exists. If we restrict p to the interval

½0;1Þ, then G00ðpÞ <1 whenever
R

R
ðex � 1Þ2vðdxÞ <1. If p ¼ 1,

then G00ðpÞ exists if
R

R
ðe�x � 1Þ2vðdxÞ <1. Therefore, if no short-

selling ðp < 0Þ or borrowing ðp > 1Þ from the bank account is al-

lowed, and
R

R
ðe	 x � 1Þ2vðdxÞ <1, then Theorem 1 holds.

In the sequel, we assume that p 2 ½0;1� unless GðpÞ can be
explicitly computed, such as in the special case where jumps are
driven by linear combinations of Poisson processes, in which case
the restriction p 2 ½0;1�, is relaxed. This restriction is required to
ensure that the second derivative of the partial objective function
GðpÞ exists which then leads to the existence of an optimal portfo-
lio. If the Lévy measure is such that the second derivative exists in
a wider interval ½a; b�, with a < 0 and b > 1, then the restriction of
no short selling and borrowing is not required. Alternatively, since
GðpÞ is defined as an integral dependent on the Lévy measure, one
could numerically determine its support, and hence the admissible
set, by finding the largest interval ½a; b� for which the integral and
its derivatives exist. If a < 0 and b > 1 we drop the no borrowing
and short selling constraints. The restriction holds for most other
cases such as markets driven by Variance Gamma (cf Madan & Mil-
ne, 1991; Madan, Carr, & Chang, 1998; Madan & Seneta, 1990 &
Barndorff-Nielson, 1995), CGMY (cf Carr, Geman, Madan, & Yor,
2002), and Jump-diffusion processes (cf Merton, 1971; Kou, 2002).

4.4. Excess asset holdings of investors

The following useful result is presented without the superscript
‘‘i’’.

Proposition 1. Assume that p 2 ½0; 1� and
R

R
ðe	 x � 1Þ2vðdxÞ <1.

Let a ¼ p�c ¼ p�Mer be the Merton optimal for each investor. Then, there
exists wa between a and p� such that the optimal portfolio that
maximizes the expected logarithmic utility from terminal wealth,

p� ¼ aþ G0ðaÞ
r2þjG00ðwaÞj

.

For each investor, the excess asset holding over its Merton opti-

mal a, is p�d ¼
G0 ðaÞ

r2þjG00 ðwaÞj
. Note that this excess holding of asset is

strictly due to the presence of jumps. Observe that we have a posi-
tive or negative excess over the Merton optimal in lock-step with
the sign of G0ðaÞ. That is, the investor holds a positive or negative
excess depending on whether G is increasing or decreasing at the
Merton optimal, a.

In general, we have to use numerical methods to compute G0ðaÞ
as it may not be possible to find the value analytically. However,
the numerical procedure should be viable for most of the widely
used jump processes. Here we provide some sufficient conditions
on the sign of G0ðaÞ for Kou (2002) Jump-Diffusion model. In the
Kou model, jump sizes follow an asymmetric double-exponential
distribution with Lévy density of the form

mðdxÞ ¼ j pujþe�jþxIfx>0g þ ð1� puÞj�e�j�jxjIfx<0g
� �

dx; ð15Þ

where jþ > 0; j� > 0 govern the decay of the tails for the distribu-
tion of positive and negative jump sizes respectively and pu 2 ½0;1�
represents the probability of an upward jump. Here j is the

intensity of the Poisson process that drives the jumps-diffusion pro-
cess. After some basic calculation, we find that

G0ðaÞ ¼ j
Z 1

0

pue�jþx

ðaex þ ð1� aÞÞ2
� ð1� puÞe�j�x

ðð1� aÞex þ aÞ2

" #
exdx:

Now let q ¼
ffiffiffiffiffiffiffiffi
1�pu

pu

q
. Then, in terms of the values of the involved

parameters, some sufficient conditions on the sign of G0ðaÞ can be
categorized as follows. First, in the case of jþ ¼ j�, we have that
(a) if pu P 1

2 and a < 1
1þq, then G0ðaÞ > 0; (b) if pu 6

1
2 and a > 1

1þq, then

G0ðaÞ < 0; (c) if pu ¼ 1
2 and a ¼ 1

2, then G0ðaÞ ¼ 0. Second, in the case of
jþ > j�, if pu 6

1
2 and a P 1

1þq, then G0ðaÞ < 0. Third, in the case of

jþ < j�, if pu P 1
2 and a 6 1

1þq, then G0ðaÞ > 0. This type of character-

ization using the model parameters would be useful for an investor
to determine whether he has to hold an excess in practice.

5. Asymptotic utilities and their quadratic approximations

We present the asymptotic results of the maximum expected
utility and approximated results of the utilities and optimal portfo-
lios of both the investors in this section. These results are impor-
tant to understand the long run behavior of the investors. We set
r ¼ 0 without loss of generality.

5.1. Asymptotic utilities of investors

Let ui
TðxÞ be the maximum expected logarithmic utility of the ith

investor resulting from an optimal portfolio p�; i over the invest-
ment horizon T. Since r ¼ 0, the asset’s Sharpe ratio for the ith
investor is hi ¼ li

r ¼
lþtir

r ¼ l
rþ ti. We now provide the asymptotic

utilities of investors.

Theorem 2. Let x > 0 be the initial capital of the investors and
i 2 f0; 1g. As T�!1, the maximum expected logarithmic utility from
terminal wealth for the ith investor, is ui

TðxÞ given by

ui
TðxÞ ¼ui

T; cðxÞ þ ui
T; dðxÞ 
 log xþ 1

2

Z T

0

lt

rt

� �2

dt

þ kT
4
ð1� pÞð1þ ð�1Þiþ1pÞ þ T /p�; i ðiÞ;

where p 2 ½0; 1�, and ui
T; cðxÞ 
 log xþ 1

2

R T
0

lt
rt

� �2
dtþ k T

4 ð1� pÞ
ð1þ ð�1Þiþ1pÞ, ui

T; dðxÞ 
 T /p�; i ðiÞ, and /p�; i ðiÞ 
 limt!1Ef iðp�; it Þ.
Moreover, the asymptotic excess utility of the informed investor is

u1
TðxÞ � u0

TðxÞ 

kT
2

p ð1� pÞ þ T ð/p�; 1 ð1Þ � /p�; 0 ð0ÞÞ:
Theorem 2 provides the long-term behavior of the logarithmic

utilities for both informed and uninformed investors. Compared
to the purely continuous fads models, we have extra asymptotic
utilities ui

T;dðxÞ due to jumps, which depend on the equilibrium
states of the optimal portfolios. In addition, the asymptotic excess
utility of informed investor also has an extra term due to jumps.
However, it is not easy to give analytic expression for this extra ex-
cess utility. In the Appendix, we give an approximated explicit for-
mula for /p�;i ðiÞ based on our results in next sub section.

5.2. Optimal portfolios and utilities under quadratic approximation

In this section, for a ¼ h=r (Merton optimal portfolio), we de-
rive some useful formulas based on the assumption that GðaÞ is
approximated by a Taylor expansion built from two instantaneous
centralized moments M1 and M2, defined below. This approxima-
tion leads to very nice consequences under the assumption that
there exists k P 2, such that

R
R
ðe	 x � 1ÞkvðdxÞ <1 to ensure that

GðkÞðaÞ exists on ½0; 1� and G00ðaÞ < 0.
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We first introduce some extremely useful objects linked to the
Lévy measure that will be instrumental in computing
approximations.

Definition 3. (Instantaneous Centralized Moments of Return) Let
j 2 f1;2; . . . ; kg. Define the jth instantaneous centralized moment
of return for the asset with dynamics (1) by the prescription:
Mj ,

R
R
ðex � 1ÞjvðdxÞ.

Mj is well defined because
R

R
ðe	 x � 1ÞjvðdxÞ <1, and

GðjÞð0Þ ¼ ð�1Þj�1ðj� 1Þ!
R

R
ðex � 1ÞjvðdxÞ ¼ ð�1Þj�1ðj� 1Þ!Mj,wh-

ence Mj ¼ ð�1Þj�1 GðjÞð0Þ
ðj�1Þ! .

Now define the functions A; B; C of t; r; M1; M2, by the
prescriptions:

At ,
�M2

2ðr2
t þM2Þ

; Bt ,
M1rt

ðr2
t þM2Þ

; Ct ,
M2

1

2ðr2
t þM2Þ

:

Let QðhÞ � Qðh : r; M1; M2Þ ¼ Ah2 þ Bhþ C, A1 ¼ limt!1At ¼
� M2

2ðr2
1þM2Þ

and r1 ¼ limt!1rt . We have the following important

result.

Theorem 3. ðaÞ Let GðaÞ be defined on ½0; 1�. Under quadratic
approximation of G, the optimal portfolio for each investor is

p� � aþM1 �M2a
r2 þM2

:

ðbÞ The jump component of the maximum expected utility for the ith
investor resulting from quadratic approximation of G is

ui
T; dðxÞ � E

Z T

0
Q hi

t : rt ; M1; M2

� �
dt; i 2 f0;1g: ð16Þ

ðcÞ Under quadratic approximation, as T�!1, the maximum expected
logarithmic utility from terminal wealth for the ith investor with x > 0
in initial wealth, is

ui
TðxÞ 
 log xþ 1

2

Z T

0

lt

rt

� �2

dt þ
Z T

0
Q

lt

rt

� �
dt þ

~k
4
ð1� pÞð1þ ð�1Þiþ1pÞT;

ð17Þ

where ~k , kð1þ 2A1Þ ¼ k r2
1

r2
1þM2

is the adjusted mean-reversion rate of
the driving O-U process.
ðdÞ The excess asymptotic optimal utility of the informed investor is

u1
TðxÞ � u0

TðxÞ 

~k
2 p ð1� pÞT.

We first observe from part ðaÞ of Theorem 3 that under qua-
dratic approximation, an investor holds excess risky asset if and
only if the ratio of first and second instantaneous centralized mo-
ment of return (M1

M2
) is greater that the Merton optimal, a. These mo-

ments are determined strictly by the Lévy measure driving the
jumps in the asset price and can be computed easily for a given
Lévy density.

We also note that part ðdÞ of Theorem 3 is analogous to Guasoni
(2006)’s major result of Theorem 3.1 for excess asymptotic utility,
given by k

2 p ð1� pÞT, where k is the mean-reversion rate for the
Ornstein–Uhlenbeck process. Its maximum is still achieved at
p ¼ 1

2, which is equivalent to a market where the mispricing level
is at 75%. Note in our case, the influence of the mean-reversion rate

for the O–U process on the expected logarithmic utilities is reduced

to ~k ¼ k r2
1

r2
1þM2

, instead of k as in the purely continuous GBM market.

The quantity r2
1 þM2 is the total variance or squared volatility of

the asset pricing process, where M2 is the contribution due to jump
risk. Thus, the effective mean reversion speed of the mispricing pro-
cess is reduced to a fraction of its original speed when jumps exist,
thereby reducing the overall long-run excess utility advantage of
the informed investor in contrast to the strictly GBM continuous
case where asset price diffuses only without jumps. Consequently,
if mispricing is continuous, jumps in asset price appear to add more
efficiency to the market by reducing the end of period utility advan-
tage of the informed investor. That is, it appears that jumps indi-
rectly increase the informational advantage of the uninformed
investor (information asymmetry) by directly reducing the utility
advantage of the informed investor. This is a surprising conse-
quence of our model. However, if the diffusive variance (r2) is large
relative to the jump variance (M2), then for all practical purposes,
the excess utility is essentially its continuous counterpart, which
is its maximum possible level.

Fig. 1. Excess utility versus proportion of fads ðq2Þ and volatility ðrÞ.
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It is also worth noting that, whether or not jumps exist, there is
no excess utility advantage of the informed investor when the
market is totally free of mispricing or is completely mispriced.
The excess expected optimal utility is proportional to pð1� pÞ,
where p ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1� q2

p
and q2 is the proportion of mispricing. If there

is no mispricing, then q2 ¼ 0 and the fundamental and asset prices
are equal. This yields p ¼ 1, and hence there is no excess utility. If
the market is completely mispriced, then q2 ¼ 1, and hence p ¼ 0
which leads to no excess utility. Equivalently, both return dynamics
are equal since they are driven by a common Brownian motion B.
This yields the same optimal demand for the risky asset for
each investor, and hence the same optimal expected utility. Thus,
there is no difference in optimal utility. Therefore, superior knowl-
edge of the informed investor does not translate to any utility advan-
tages when the market is symmetric (q ¼ 0) or totally asymmetric
(q ¼ 1). However, from a psychological standpoint, there is comfort
in being more informed, even if excess utility is non-existent.

We plot the surface of the excess utility over the proportion of
mispricing, q2 and the volatility, r for the Kou (2002) Jump-Diffu-
sion model with Lévy density given by Eq. (15). We use j ¼ 10 per
year, 1=jþ ¼ 2%; 1=j� ¼ 4%; pu ¼ 0:3; T ¼ 1 year in Fig. 1. The
computed value of M2 ¼ 0:0225 in this case. Observe that we have
maximum excess utility when mispricing is at 75% (i.e. q2 ¼ 3

4). Ex-
cess utility increases at a decreasing rate with mispricing up to 75%
and decreases thereafter at faster rates. It also increases with the
diffusive component of the overall variance of the asset process
when jump exists. However, if there are no jumps in asset price
(i.e. M2 ¼ 0), then the excess utility is surprisingly independent
of the overall variance of the asset price process. Thus, our results
also show that the overall variance of the asset price process be-
comes more important for investors when jumps exist in the asset
market.

6. Conclusions

We studied how asymmetric information, fads and Lévy jumps
in the price of an asset affect the optimal portfolio strategies and
maximum expected utilities of informed and uninformed investors
in a financial asset market, and derived some explicit and informa-
tive results about the optimal portfolios and expected logarithmic
utilities of each investor. Moreover, our study analytically en-
hances the extant literature on the fads models for asset under
asymmetric information.

Under quadratic approximation of the portfolios, we show that
excess assets are held by an investor if and only if the ratio of the
first and second instantaneous centralized moments of return is
greater than the Merton optimal portfolio of that investor. We also
show that jumps reduce the excess long run utility for the in-
formed investor relative to that of the uninformed investor, which
implies that jump risk may be good for market efficiency as an
indirect reducer of information asymmetry. In the presence of
asymmetric information, mispricing and jumps, our model shows
that it pays to be more informed in the long run, but the excess
utility of the informed investor is less than that obtained in the
purely continuous GBM market. However, if there is no mispricing
(or too much mispricing), the informed investor has no utility
advantage. Our results also suggest that investors should pay more
attention to the overall variance of the asset process when jumps
exist in the financial asset market.
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Appendix: Proofs and additional results

Proof of Theorem 1

(a) For simplicity, we drop the superscript i in the proof. Let
f � f i and assume that G00ðpÞ exists on R. From (14),

f ðptÞ ¼ � 1
2 ðptrt � htÞ2 þ GðptÞ, whence f 0ðptÞ ¼ �rtðptrt � htÞþ

G0ðptÞ ¼ �rðptrt � htÞ þ
R

R

ðex�1ÞvðdxÞ
1þpt ðex�1Þ and f 00ðptÞ ¼ �r2

t þ G00ðptÞ ¼

�r2
t �

R
R

ðex�1Þ2vðdxÞ
ð1þptðex�1ÞÞ2

< 0. Thus f is strictly concave on R, and there-

fore admits a unique maximum p�t , where f 0ðp�t Þ ¼ 0. Thus

p�t rt � ht ¼ G0 ðp�t Þ
rt

, which gives p�t ¼ ht
rt
þ G0 ðp�t Þ

r2
t

, i.e. hðp�Þ ¼ 0. The result

follows from the fact that, for each t 2 ½0; T�, maxpt2Rf ðptÞ ¼ f ðp�t Þ.
Note that h0ðptÞ ¼ �1� 1

r2
t

R
R

ðex�1Þ2vðdxÞ
ð1þpt ðex�1ÞÞ2

< 0. Hence hðptÞ is a strictly

decreasing function of pt . It follows that there exists a unique
admissible optimal portfolio p�t 2 ½0;1� such that hðp�t Þ ¼ 0 when
hð0ÞP 0 and hð1Þ 6 0.

(b) Since G00ðpÞ exists, then by part (a) we have an optimal port-

folio p� given by p�; it ¼
hi

t
rt
þ G0 ðp�; i

t Þ
r2

t
, and maxpt2Rf iðpÞ ¼ f iðp�; it Þ. As-

sume that p�; i 2 AiðxÞ. Then E
R T

0 f iðptÞdt 6 E
R T

0 f iðp�; it Þdt, whence

maxpt2AiðxÞ E
R T

0 f iðptÞdt ¼ E
R T

0 f iðp�; it Þdt. Therefore by (13) with

Vi
0 ¼ x, we get

uiðxÞ � max
p2AiðxÞ

E log eV i;p
T ¼ log xþ 1

2
E
Z T

0
ðhi

tÞ
2
dt þmax

p
E
Z T

0
f iðpi

tÞdt;

¼ log xþ 1
2

E
Z T

0
ðhi

tÞ
2
dt þ E

Z T

0
f iðp�; it Þdt: �

Proof of Proposition 1

Recall that the optimal portfolio p� for any investor is given by
Theorem 1, as

p� ¼ h
r
þ G0ðp�Þ

r2 ¼ aþ G0ðp�Þ
r2 :

By the Mean Value Theorem there exists wa between p� and a, such
that

G0ðp�Þ ¼ G0ðaÞ þ ðp� � aÞG00ðwaÞ:

Thus p� � a ¼ G0 ðp�Þ
r2 ¼ 1

r2 ðG0ðaÞ þ ðp� � aÞG00ðwaÞ. Rearranging yields

p� ¼ aþ G0ðaÞ
r2 � G00ðwaÞ

¼ aþ G0ðaÞ
r2 þ jG00ðwaÞj

: �

Proof of Theorem 2

Let x > 0; i 2 f0;1g and T�!1. From Theorem 3.1 of Guasoni
(2006), we have

ui
T; c 
 log xþ 1

2

Z T

0

lt

rt

� �2

dt þ kT
4
ð1� pÞð1þ ð�1Þiþ1pÞ:

Since f iðpÞ is continuous, then by L’Hospital’s rule

lim
T!1

ui
T; dðxÞ

T
¼ lim

T!1

1
T

E
Z T

0
f iðp�; it Þdt ¼ lim

t!1
Ef iðp�; it Þ ¼ /p�; i ðiÞ:

Thus ui
T; dðxÞ 
 T /p�; i ðiÞ: �

Proof of Theorem 3

(a) We now assume that k ¼ 3, whence
R

R
ðe	 x � 1Þ3vðdxÞ <1,

and so G000ðaÞ exists on [0,1]. Expanding GðaÞ at a ¼ 0, yields
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GðaÞ ¼ Gð0Þ þ aG0ð0Þ þ 1
2 a2G00ð0Þ þ 1

3 a3G000ðwaÞ;wa 2 ð0;aÞ. With error
term R3ðaÞ ¼ 1

3 a3G000ðwaÞ, we have quadratic approximation of GðaÞ

GðaÞ ¼ aG0ð0Þ þ 1
2
a2G00ð0Þ þ R3ðaÞ ¼ M1a�

1
2

M2a2 þ R3ðaÞ:

Thus GðaÞ � M1a� 1
2 M2a2, whence G0ðaÞ � M1 �M2a and

G00ðaÞ � �M2. Thus the optimal portfolio becomes (cf Proposition 1)

p� ¼ aþ G0ðaÞ
r2 � G00ðwaÞ

� aþM1 �M2a
r2 þM2

:

Thus, the excess asset holdings due to jumps is p�d ¼ p��a � M1�M2a
r2þM2

:

(b) Expanding Gðp�Þ at a, there exists ga between a and p� such
that

Gðp�Þ ¼ GðaÞ þ ðp� � aÞG0ðaÞ þ 1
2
ðp� � aÞ2G00ðgaÞ

� GðaÞ þ ðp� � aÞG0ðaÞ � 1
2

M2ðp� � aÞ2:

We now compute the integrand f ðp�Þ in the excess utility formula
E
R T

0 f ðp�Þdt, which is defined by Eq. (14). Under quadratic
approximation

f ðp�Þ ¼ Gðp�Þ � 1
2
r2ðp� � aÞ2 � GðaÞ þ G0ðaÞp�d �

1
2

M2ðp�dÞ
2 � 1

2
r2ðp�dÞ

2

� GðaÞ þ ðp�dÞ
2ðr2 þM2Þ þ

1
2
ðð�M2 � r2ÞÞðp�dÞ

2 ¼ GðaÞ þ 1
2
ðp�dÞ

2ðr2 þM2Þ;

whence

f ðp�Þ � M1a�
1
2

M2a2 þ 1
2
ðM1 �M2aÞ2

ðr2 þM2Þ
¼ �M2h

2 þ 2M1hrþM2
1

2ðr2 þM2Þ
¼ Ah2 þ Bhþ C ¼ Qðh : r; M1; M2Þ:

Therefore, by the definition of ui
T; dðxÞ, we get (16).

(c) By part (b), the excess optimal utility due to the jumps for
the ith investor is given by

ui
T; dðxÞ , E

Z T

0
f iðpi

tÞdt � E
Z T

0
Q hi

t ;rt ;M1;M2

� �
dt

¼ E
Z T

0
Atðhi

tÞ
2 þ Bth

i
t þ Ct

� �
dt ¼

Z T

0
AtEðhi

tÞ
2 þ BtEhi

t þ Ct

� �
dt:

ð18Þ

Since hi
t ¼

li
t

rt
¼ ltþti

trt

rt
¼ lt

rt
þ ti

t , and with Eðti
tÞ ¼ 0, then Eðhi

tÞ ¼
lt
rt

.
Therefore

Eðhi
tÞ

2 ¼ lt

rt

� �2

þ 2
lt

rt
Eðti

tÞ þ Eðti
tÞ

2 ¼ lt

rt

� �2

þ Eðti
tÞ

2
:

So by (18), we have

ui
T; dðxÞ �

Z T

0
At

lt

rt

� �2

þ Eðti
tÞ

2

" #
þ Bt

lt

rt

� �
þ Ct

 !
dt

¼
Z T

0
Q

lt

rt
: rt ; M1; M2

� �
dt þ

Z T

0
At E ti

t

	 
2
dt: ð19Þ

Note that as t !1, Eðti
tÞ

2�! k
2 ð1� pÞ ð1þ ð�1Þiþ1pÞ. By (19), as

T !1, it follows that

ui
T; dðxÞ 
 E

Z T

0
Q

lt

rt
: rt ; M1; M2

� �
dt þ

Z T

0
AtEðti

tÞ
2
dt


 E
Z T

0
Q

lt

rt

� �
dt þ Tlim

t!1
AtEðti

tÞ
2

¼ E
Z T

0
Q

lt

rt

� �
dt þ T A1lim

t!1
Eðti

tÞ
2


 E
Z T

0
Q

lt

rt

� �
dt þ k

2
A1ð1� pÞð1þ ð�1Þiþ1pÞT: ð20Þ

From Theorem 2, the total optimal asymptotic utility of the ith
investor is:

ui
TðxÞ ¼ ui

T; cðxÞ þ ui
T; dðxÞ:

By Theorem 3.1 in Guasoni (2006), we know that

ui
T; cðxÞ 
 log xþ 1

2

Z T

0

lt

rt

� �2

dt þ kT
4
ð1� pÞð1þ ð�1Þiþ1pÞ: ð21Þ

By adding (20) and (21), we get (17).(d) The excess asymptotic opti-
mal logarithmic utility of the informed investor is

u1
TðxÞ � u0

TðxÞ ¼ ðu1
T; cðxÞ � u0

T; cðxÞÞ þ ðu1
T; dðxÞ � u0

T; dðxÞÞ


 k
2

p ð1� pÞT þ kA1 p ð1� pÞT ¼
~k
2

p ð1� pÞT: �

An explicit formula for /p�; i ðiÞ

We can give an explicit formula for /p�;i ðiÞ of Theorem 2 under
quadratic approximation.

Corollary 1. For i 2 f0;1g, under quadratic approximation of G, we
have

/p�;i ðiÞ , lim
t!1

Ef iðp�t Þ 

1
T

Z T

0
Q

lt

rt

� �
dt þ k

2
A1 ð1� pÞð1þ ð�1Þiþ1pÞ:

Proof. From Theorem 2, as T !1, we have

ui
TðxÞ 
 log xþ 1

2

Z T

0

lt

rt

� �2

dt þ kT
4
ð1� pÞð1þ ð�1Þiþ1pÞ þ T/p�ðiÞ:

By Theorem 3, under quadratic approximation,

ui
TðxÞ 
 log xþ 1

2

Z T

0

lt

rt

� �2

dt þ
Z T

0
Q

lt

rt

� �
dt þ

~k
4
ð1� pÞð1

þ ð�1Þiþ1pÞT:

Thus, under quadratic approximation, we find

T/p�;i ðiÞ 

Z T

0
Q

lt

rt

� �
dt þ

~k
4
ð1� pÞð1þ ð�1Þiþ1pÞT

� k
4
ð1� pÞð1þ ð�1Þiþ1pÞT ¼

Z T

0
Q

lt

rt

� �
dt

þ k
2

A1 ð1� pÞð1þ ð�1Þiþ1pÞT;

from which the result follows. �
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