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1 Introduction

In a well known paper]] showed that multi asset noisy rational expectations equi-
librium (NREE) markets display a number ahomaliesIn particular, owing to
correlation effects, traders’ demand functions could be upward sloping in prices.
This “Giffen good” anomaly was attributed to the contemporaneous workings of
an informationand asubstitutioneffect generated by prices in an economy with
asymmetric information. Indeed, a price increase in a NREE could either signal an
increase in the value of the asset pay-off or be the effect of a demand pressure from
noise traders. For some parameter configurations, traders could then interpret such
a price increment agood newsabout the asset’s fundamental and increase their
(long) position in the asset. Recently, Giffen goods anomalies have been related
to market behavior around crashes (§&hd [2]) and tounstable equilibria (see

[4]). Upward sloping demand curves make traders shy away from assets whose
price plummets and increase their long position in assets whose price rockets,
eventually amplifying market movements. In this perspective, understanding the
extent to which information effecfser sedetermine such anomalies is therefore
relevant.

This paper shows that information effeetloneare not responsible for Giffen
goods anomalies: thele that information plays in traders’ strategies also matters.
Intuitively, owing to their superior knowledge, privately informed traders should
be able to better disentangle noise from information and this should lead them to
choose their positions by comparing prices with their private signals. On the con-
trary, traders that only observe (endogenous) public information (i.e. equilibrium
prices) should rely on correlation effects in order to disentangle the informative
content of a price movement. Building on this insight, | show that in a market with
risk averse uninformed traders, informed agents have a dual motive for trading:
speculationrand market makingThey speculateon the difference between their
private signals and equilibrium prices; thegcommodate traders’ total demand
each asset by comparing (common) prior information to equilibrium prices. While
speculation entails assessing the effect of private signal biases, market making re-
quires disentangling noise traders’ effects from fundamental information within
the observed aggregate orders. This complicates the signal extraction problem
and (may) generate upward sloping demand curves. | therefore attribute Admati's
“Giffen” good anomaly to the market making component of informed traders’ de-
mands.

Based on this intuition, | then give sufficient conditions under which the Giffen
goods phenomenon disappears from informed traders’ strategies. Intuitively, this
occurs whenever informed traders find it unprofitable to accommodate liquidity
shocks. Thus, either assuming that competitive, risk neutral market makers price
the assets or letting the risk tolerance parameter of uninformed traders grow un-
boundedly, allows to remove the anomaly from the demand of informed agents but
not from that of uninformed agents.

The paper is organized as follows: in the next section, | outline the model's
assumptions, define notation and recall the equilibrium resultjot fhen show
by means of examples that the market making component of an informed trader’s
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demand is responsible for the Giffen good anomaly. In se@&jdnntroduce risk
neutral competitive market makers in the model and show that this removes the
anomaly from informed demands. In sectiyri generalize the model considering

a market where informed and uninformed traders interact. This allows to show that
the result of sectiol can be obtained as a limit result when uninformed traders’
risk tolerance grows unboundedly.

2 The Model

Consider a market where two classes of agents exchange a veétor-of risky
assets with random liquidation value ~ N(@,TI;') and a risk less one with
return given byR > 1: a continuum of risk-averse informed traders distributed in
the interval[0, 1] and noise traders, trading for liquidity purposes. Prior to trad-
ing, each informed agentreceives akK -dimensional vector of private signals
s; = v+ € Whereg; ~ N(0,IIc"), TIg! # ngl, ande;, €; are indepen-
dent fori # j. Assume that his preferences are represented by a CARA utility
U(Whi) = —exp{—Wi;/v:}, wherev; > 0 is agenti’s coefficient of constant
absolute risk tolerancél; = W,; R + x(v — Rp) indicates his final wealth that
comes from buyinge, = (zi1, 42, ..., 2k ) units of each asset at prige and

W,: > 0 denotes his initial wealth. Let noise traders subniif-@imensional vec-

tor of (price-inelastic) random demands~ N (u, H{Ll). Assume that the random
vectorsv, u, ande; are mutually independeht and that the Strong Law of Large
Numbers holds (i.efo1 e;di = 0, almost surely). Finally, let each al,', IT,",
anng} be positive definite and suppose that the distributional assumptions are
common knowledge among the agents in the economy.

2.1 The Equilibrium

Suppose that in the above market each trader submits a vector of demand functions
indicating the position desired in each asset at every price, contingent on his private
information. Owing to market clearing, the resulting equilibrium price vector will
then reflect all traders’ information. This, in turn, will provide each agent with

an additional signabeyondthe one he privately observes, that he can exploit in
forming his optimal demand. Therefore, in a rational expectations equilibrium,
prices perform two functions: theglearall markets and thegonvey information

to traders. In turn, traders’ beliefs aeadogenousnd their demand functions are
definedonly for equilibrium prices! The following definition formally describes

the rational expectations equilibrium concept for the above market:

Definition 1 A rational expectations equilibriufior the above market is a price
vectorp and demand function§X;(s;, p) }ic(o,1) such that(i) p is (v, u) mea-
surable;(ii) X;(s;, p) € argmaxg, E[U(W1,)|s;, p]; and (iii) [, Xi(s, p)di+
u = 0, almost surely.

! For noisy rational expectations equilibrium models with a single risky assetldge [

[7] and [9].
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The first condition requires pricemtto depend on single signals’ realizations.
Indeed, in the large market as each informed agent is small and private signals are
independently distributed, equilibrium prices should only veither because of
changes in the value of the pay-off vectr because of noise traders’ demand
realizations. The second condition requires traders to choose optimal equilibrium
demand functiongjiven the equilibrium priceand their private information. Fi-
nally, the last condition requires the price vector to clear all the markets.

To apply definitionl to the current context, assume each informed trader
submits a vector of demand functiod§;(s;, p) and restrict attention tdinear
equilibria where, thus, the price is a linear function of informed traders’ aggregate
signals and noise traders’ demands. Owing to CARA utility and the normality
assumption, an informed agent’s equilibrium demand is linear in his private signal
s; and in the equilibrium price vectgr: X;(s;,p) = A;s; + ¢:(p), whereA;
and ¢;(p) denote respectively the matrix of trading aggressiveness and a linear
function of the price to be determined in equilibrium. The market clearing equation
thus reads asi;‘o1 A;s; + ¢;(p)di +u = 0, and the following result holds:

Proposition 1 In the market outlined above there exists a unique linear equilib-
rium. Agents’ strategies are given by

Xi(si,p) = (1)
Ai(si — Rp) + (7:/7) (A™* = A) (8 — Rp) — 7 (I + 7AIly) "' Allya,

and the vector of equilibrium prices is given by
p=(1/R)Az+ (1/R)(I — AA)o — (7/R)(IL + A) "' Allya,

VyhereAi = ’Xiﬂeu v = fol ’yvdl, A = fol rYiHE,,di- z = A'l)7+ u, A = (’_)/H +
A)~1 (I + ¥AIly), andIl = (Var[v|z])~! = ITy + ATIyA.

Proof See the appendix.

The vectorz denotes the intercept of the total net demand due to traders’ private
information and noise traders’ supply shocks. Insofar as it conveys a signal about
the “true” value of the asset payoffs, it captures the “informational content” of the
order flows. The matriA ~' maps equilibrium prices into the traders’ total net de-
mand: forR = 1 and for a unitary price vectgy’ = (1,1,...,1), A~! measures

the size of the traders’ aggregate demand intercept in each asset that is either due
to private information or to a liquidity shock.

According to () an agent’s demand function has two components. The first com-
ponent A;(s; — Rp)) reflects the agent’s “speculative” position based on pri-
vate information. The second componeft (7)(A™! — A) (o — Rp) + (I +
ATl )~ ATl u) denotes his position in (potentially) accommodating both the
expectedy; (I+7ATIy) "' ATl w)), and theunexpected(y; /7) (A~ —A)(v—

Rp)) net demand in each asdet

Traders’ speculative aggressiveness is given by the conditional precision matrix
of their private signals weighted by their risk tolerance coefficidnt:= ~,I1¢,.

As Ilg, is positive definite;y; > 0, andR > 1 the speculative component of a
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trader's demand in an asdets decreasingn its own price for every assét The
aggressiveness of their unexpected “market making” component is captured by the
difference between traders’ total net demand and informed agents’ speculative ag-
gressiveness in each asset for a unitary price vector (anfd ferl), weighted by

their relative risk-tolerance via-vis the whole market. This matrix has no partic-
ular structure and thus nothing can be said a priori about the sign of its diagonal
elements. Indeed, giveR, p differs from v either because of noise traders’ lig-
uidity shocks, or because of informed traders’ demands; thus, an informed agent
attempts to establish whether the order he faces is due to the former or to the latter.
If (Afl)kk — Ay > 0, then he attributes it to a supply shock and thus accom-
modates it? This corresponds to the “normal goods” case of consumer theory in
which the cheaper is an asset, the more of it a trader wants to buy. If, however,
(A_l)lck — Ay, < 0, then the trader attributes the total net demand he faces to
informed trading, refrains from taking the other side of the trade and a Giffen good
may arise.

Notice that Giffen goods in the present context have a different interpretation from
the one they have in consumer theory. Indeed, in the latter setting pricesage-
nousto traders’ demands whereas in the former pricegadogenousquilibrium

prices and demand functions arguilibriumdemands. Furthermore, a Giffen good

in consumer theory is due to the presence of a strong income effect that offsets the
substitution effect and leads to an increase (decrease) in the trader's demand when
the good’s price increases (decreases). However, in the current setting, owing to
the assumed exponential utility function and the presence of a risk-less asset, in-
come effects do not exist. As the following examples show, an asset here can be a
Giffen good as a result of the information extraction problem that informed traders
face when forming the market making component of their demand functions.

Example 1SupposeX’ = 2 and indicate withr,, and p,, respectively the pre-
cision of the random variable; and the correlation coefficient of the random
variablesz,, z2. Suppose thak = 1, u = 0, Il¢, = Il¢, and~y; = v, for every
agenti € [0, 1]. Then, ifp, = p. = p, =0,

_ _ Teq 0 _ )\10
Al_A_7<0762>’ A_(())\2>’

where), = (1+vyag7u,,)/(ak+77k), ax = Aggp = y7e,, andr, = (Var[vg|z]) =1

= 7, + ajr,, indicate, respectively, the reciprocal of market depth, the trader
private signal aggressiveness, and the public precision associated with market
1,2. Hence, a tradef’s strategy in asset is given by X;.(s;,p) = ar(six —

) + (1 4+ y7u,ar) "7, (Uk — pi)- As explained above, informed traders have
two trading motives: they speculate on private information, and they absorb the

2 To be sure:A~! and A respectively measure the size of total traders’ demand in-
tercept and the average speculative component of informed trader's demand for a uni-
tary price vectorg’ = (1,1,...,1)) and risk less asset returi (= 1). Therefore if
(A" Yrr — Agr > 0, (A1) kx — Ay captures the part of the total net demand for akset
that for a unitary price vector, in the trader’s opinionnat due to informed agents’ superior
information about assét
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supply shock taking the counterpart of each limit order book and clearing markets
(i.e. buying when the price declines and selling when it increases w.r.t. its expected
value). While speculation is due to private information, “market making” is the
result of the price discount (premium) informed traders receive on each transaction
because of risk aversion. To see this, rewrite prices and strategies as follows:

Top,
QA Ty, (ag + y7)
VTkToy,
Ak Ty, (ak + '777@)

pr = Evg|z] — (U — E [vk2]),

Xik(si,p) = ar(sik — pr) + (U — E [vg|2]) -

Whenever the traders in the market for agsdielieve that on average asses

value is lower than its unconditional expectation (iig.> E[v|2]) an informed

trader buys the asset at a discount (g~ E[vg|z]) to be compensated for the

risk thatv, < E[vi|z]. The opposite occurs when traders on average believe the
asset value to be higher than its unconditional expected value: in this case a trader
sells the asset at a premium. Cleadly,= 7., > 0 and(r,, /(1 + 7y, ar)) > 0.

Thus, no Giffen good appears in this case.

Example 2Keeping the assumptions of the previous example, suppose now, as in
[1], thatA = I and

-1 _ 15 -1 _ 53
Iy _<526>’ Ty _<32>'

—0.02 0.19 1 15.6 —3

A= (—0.45 1.08) AT A= ( 7 —1.3) ’
and a trader’s strategies are given B§; (s;,p) = s;1 — p1 + 15.6(01 — p1) —
3(172 — pg), Xig(Si,p) = Sj2 — P2 — 1.3(1_)2 — pQ) + 7(’1_)1 — pl)- Notice that
asset 2 is a Giffen good: an increase (decrease) in its price leads the trader to in-
crease (decrease) his position in the asset. Furthermore, notice that the Giffen good
“anomaly” isentirelydue to thenarket makingcomponent of the trader’'s demand.
In particular, wheneved, > po, the trader is no longer willing to accommodate
the supply shock (as in examgdlg Rather, for any given value of the speculative
component of his demand, in the presence of a price decrease he reduces his po-
sition in the asset. This is so because of the information he extracts frotwdhe
order flows. Indeed, suppose > p; andvs > ps. Should the trader attribute
this price realization to informed trading or to a supply shock? The positive cor-
relation across pay-offs makes a contemporaneous value reduction in both assets
likely. However, as the distribution of asset 1 is more concentrated than the one of
asset 2y; > p; is probably due to a selling pressure from noise traders; on the
contraryu, > po may be the result of “bad news.” Such inference is reinforced by
the higher dispersion of noise traders’ demand in asset 1 (w.r.t. asset 2) and by the
fact that noise traders’ demands are positively correlated. Hence, informed traders
align their behavior to the rest of the market in asset 2 and “lean against the wind”
in asset 1.

Then
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Expressing the equilibrium price and traders’ demands as done in example
sheds further light on the agents’ demand market making component. Indeed, re-
arranging the equilibrium price vector in propositibgives:

p = (1/R) (Ev|z] - (Alu(A +510)) ™' My (@ - E[v]2]) + @) .
Hence,

Xi(si,p) = Ai(si — Rp)
+T1 ((ATTy(A +510) " Ty (0 — Efvl2]) + ) .

Using the above parameter valups:= F[v,|z] —9.7(v1 — E[v1|z]) + 1.85(v2 —
E[’U2|2D,p2 = E[UQ‘Z]—QO.S(’T)l—E[Ul |Z])+3.98(@2—E[’U2‘Z]), and,Xil(si, p) =

Si1 —p1+ 105.3(171 — E[v1|z}) — 20.14(@2 — E['UQ‘Z]), Xig(si,p) = Sjo — P2+
47.19(91 — E[v1]2]) —9.02(92 — E[v2]z]). Notice that differently from example

a trader isnot willing to accommodate the total net demand in asset 2. Whenever
the traders in the market for asset 2 believe that on average asset 2’s value is lower
than its unconditional expectatioms( > E[vs|z]), an informed tradesells the

asset at premium(instead ofbuying it at a discoun} to be compensated for the

risk thatvy > Elvs|2]. 3

Summarizing, when all traders in the market are risk averse, the demand of an
informed agent can be decomposed into a speculative and a market making com-
ponent. Owing to correlation effects, the market making component may make

informed agents willing to increase (decrease) their position in a given asset when
its price increases (decreases). Thus, intuitively, if an informed agent were to find

it unprofitable to accommodate the unexpected net demand, the market making
component should disappear rendering his demand well behaved in prices. The
next section shows that this intuition is indeed corréct.

3 The Market with Risk Neutral Market Makers

In this section | keep the same information structure of se@iamd introduce
competitiverisk neutralmarket makers as irlp] and [5]. Market makers can be
seen asininformedagents that aggregate all traders’ orders and set a single market
clearing price vector. As a result of risk neutrality, pria#s notincorporate a

risk premium and informed traders findutprofitableto accommodate traders’
total orders. Hence, they only trade to speculate on private information and their

3 strictly speaking, the tradefecumulatesis long position ifs;» — p2 > 0 andaccu-
mulatesit if the reverse occurs.

4 Itis important to emphasize, though, that such a decomposition is based on the trader’s
private information. As traders’ information is diverse, what a trader thinks of being a non-
information-driven trade may be perceived as information-driven by another tradet (ee [
for a discussion of this issue in the context of a one-asset, dynamic, noisy rational expecta-
tions equilibrium model).
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demand functions are well behaved. However, insofar as market makers clear all
trades, they use the equilibrium price to disentangle noise from information and
correlation effects can induce the Giffen phenomenon in their demand functions.
More formally, let each informed tradésubmit a vector of demand functions
Xri(ss:, p), indicating the position desired in each adset every price vectop,
contingent on his private information. Denote Witfy1; = Wi,; + 7,(v — Rp),
the informed trader final wealth, and witfy his risk tolerance coefficient. Noise
traders’ demandk is price inelastic and random. Risk neutral market makers ob-
serve the aggregate order fldwp) = fol Xi(s:,p)di + w and set priceeffi-
ciently. p = (1/R)E[v|p]. ° Restricting attention to linear equilibria, the follow-
ing result holds:

Proposition 2 In the market with competitive, risk neutral market makers, there
exists a unique linear equilibrium. Informed tradef$ &énd market makers\{ M)
trade according to the following strategies:

Xri(si,p) = Ai(s; — Rp), 2
Xy (p) = (Azy — A)(v — Rp) — a, 3)

and the vector of equilibrium prices is given by
p = (1/R)Elv|z] = (1/R)(Arn(z — @) + (I — ArnA)D),

whereA,; = ville,, 7 = fol v;di, A = fol ville, di, z = Av + u, Agn =
1~ ATly, andIl = (Var[v|z])~! = Iy + AT, A.

Proof See the appendix.

Remark INotice that as the matrix of traders’ average speculative aggressiveness
(A) coincides in propositions and2, the informational content of the order flows

(z) does not change in the two equilibria. As a consequence, the inference traders
can make by observing equilibrium prices in the two markets iséme

Informed traders’ behavior has now changed. Owing to market makers’ risk neu-
trality, the risk premia incorporated into asset prices disappear and market making
becomesunprofitableto risk averse, informed traders. ThereforeAass positive
definite (andR > 1), no Giffen good appears in their demand functions. On the
contrary, market makers’ demand may still display the anomaly as the following
example shows.

Example 3Keeping the data of examp® A = I and

_(—0.110.21 1 ~ (115 =22
Ary = (—0.65 1.11)’ ARN_A_<68 —13)'
5 As will become clear in the proof of propositi@ in equilibriump is observationally
equivalent toz. Thereforep = (1/R)E[v|z] = (1/R)E][v|p]. Efficient pricing can be

seen as the result of Bertrand competition among risk neutral market makegctmsset
order flow (seel4)).
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Hence, X1 1(si,p) = si1 — p1, X1i,2(84,P) = si2 — p2, Xy (p) = 115(1_71 -
p1) — 22(02 — p2), andXarar,2(p) = —13(V2 — p2) + 68(01 — p1). Asset 2 is the
Giffen good and an intuition along the lines given in exan#pplies here too.

Therefore, combining the intuition drawn from examp®sand 3 with propo-
sition 2, and remarkl, information effectsper-secannot be responsible for the
Giffen goods anomaly. For, if this was the case, they should also affect the strat-
egy of an informed trader displayed in proposit@rRather, theole that prices
have in agents’ strategiegso matters

With no risk neutral market makers, prices have two roles: (1) they allow to
disentangle error terms from information in traders’ private signals; (2) they allow
to separate noise from information in the observed order flow realizations. The first
role is related to thepeculativecomponent of the trader’'s demand; the second role
is related to thenarket makingcomponent. Indeed, assuming for simplicity that
u =0andR =1, for p,, pu, pe # 0, according to propositioh whenK = 2, an
informed strategy is given by

Xir(si,p) =
ViTeip o _ YiPeir/Tein Tein o
1= pgl (Szk Pk) 1 _ sz (51h ph)
2
HE) X a7 -A), 6

=1

To see how prices perform thést role, assume that.,, > 0 and that tradef
receives two signals;, s;, such thats;, > px ands;, > pp. This can happen

for two reasons: either both assets are worth more than what the market thinks
(i.e. asset prices are biased downward e.g. by noise traders’ selling pressure); or
both signals are biased upward. The existence of positive correlation across signal-
error terms strengthens the hypothesis of a contemporaneous, upward bias into the
trader’s signals’ Given this, he reinforces his belief that the good news he received

is due to the effect of error biases and reduces his demand for both assets.

As far as thesecondrole, example2 provided an intuition for it. As soon as risk
neutral market makers are introduced in the model, informed traders find no longer
profitable to absorb the liquidity shock and prices cease to perform the second
role for them. However, since market makers take the counterpart of the order
books and clear markets, such a second rotelevantto their objectives. Hence,

the Giffen good anomaly only characterizes risk neutral market makers’ demand
functions.

Remark 2The above conclusion also clarifies the effect of assuming infinitely
dispersed noise traders’ demands (sHef. 647). Formally, lettingll, — 0
in propositionl1 (in any norm on matrices) implies tha& — A* = (3IIy +

6 See [l], p. 645.

” This is the case because an error that biases upward the information contaipei$in
more likely to happen together with an error biasing upwards the information abouhasset
as well.
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A)~!. Thus,p andX;(s;, p), converge respectively (and almost surelypto=
(1/R)(A*z+ (I — A*A)v) andX}(s;, p*) = Ai(s; — Rp*) +7: Iy (v — Rp*).

As IIy, is positive definite and; > 0, the market making component of an in-
formed trader’s demand is well behaved, and Giffen goods disappear. Indeed, as
noise traders’ demand dispersioreiveryasset increases without bound, informed
traders cannot use prices to disentangle noise from information in the observed or-
der flows’ realization. Furthermore, the risk of trading with an informed agent
vanishes and risk averse traders are always willing to accommodate the total net
demand they face. Notice, however, that pridesaggregate information (i.e. re-
flect the value o&) allowing informed traders to use them to disentangle the error
terms affecting their signals. Therefore, in this Walrasian equilibrium, prices per-
form thefirst role but not thesecondrole.®

Remark 3The result that Giffen goods only characterize market makers’ demand
functions, is likely to depend on the competitive assumption about informed traders’
behavior. Indeed, a strategic insider could exploit such anomalous market makers’
behavior and induce a price increase to speculate on it. This possibility leads to
conjecture that in the presence afienatomistic trader, the Giffen good anomaly
should disappear also from market makers’ strategies. Indglid, & multi-asset
generalization of12], find that in equilibrium the matrix mapping order flows into
prices must be positive definite, ruling out the existence of Giffen gdods.

4 The Market with Uninformed Traders

In this section | generalize the model studied in secfi@uding a sector of risk-
averse uninformed traders. This allows to obtain a model where the equilibrium of
proposition2 arises as a limit result when the risk-bearing capacity of uninformed
traders grows without bound.

Formally, assume that a continuum of uninformed traders distributed in the inter-
val [0, 1] is added to the market of secti@ Every uninformed tradef’s pref-
erences are represented by a CARA utilifyWy1;) = —exp{—Wu1;/7v;}
whereyy; > 0 indicates the agent’s coefficient of constant absolute risk tolerance,
Wu1; = Wuo; R+ 25 (v — Rp) denotes his final wealth that comes from buying
a:’Uj = (zyj1,2vUj2,--.,Tuj k) Units of each asset at prige andWy,; > 0

8 Itis interesting to contrast this equilibrium with its counterpart in the market with risk
neutral market makers. As shown in proposit®rthe equilibrium price there is given by
p = (1/R)Ev|z]. However, as noise traders’ demand is infinitely dispersed, market mak-
ers cannotextractany information fromz to estimatev. As a consequence, = (v/R),
informed traders cannot use the information conveyed tiydisentangle the error terms in
their private signals, anX7;, = A(s; — (9/R)). Thus, differently from the case analyzed
above, the presence of competitive, risk neutral market makers prevents the equilibrium
price from aggregatingnyinformation about the asset payoffs.

° Being a generalization oflp], the insider in Caball and Krishnan's model submits
non price-contingent orders to competitive, risk neutral market makers differently from the
informed traders of the present context.
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designates his initial wealth. Assume that every uninformed trader submits a vec-
tor of demand functionXy;(p) indicating the desired position in each asket

at every price vectop. Finally, indicate withyy; the risk tolerance coefficient of

an informed tradei. Restricting attention to linear equilibria, the following result
applies:

Proposition 3 In the market with a sector of (CARA) uninformed traddrd, (
there exists a unique linear equilibrium. Agents’ strategies are given by

Xri(si,p) = Ai(si — RP)
+ (v1:/7) ( A) (0 — Rp) — v1:(I + 7AIly) ' Allya,
Xuj(p) = (w;/7) (Ay' —A) (0 - Rp)
— (I +7AIly) ' Allya,
(4)
and the vector of equilibrium prices is given by
= (1/R)(Avz + (I — AyA)v) — (3/R)(A +711) ' Allya,

whereA; = yIle,, z = Av +u, A = j;)l Adi, Ay = (A +AI1) 1T +
¥ATly), II = (Var[v|z]) 7! = Iy + ATl A, andy = fol Yridi + fol Yujidj.

Proof See the appendix.

Notice that informed traders speculate on private information (as in propog)tion
and, together with uninformed traders, accommodate the total net demand. Also,
as in propositiori, the Giffen good anomaly (potentially) comes from the market
making component of a trader’s demand.

Corollary 1 Assume thaty; = vu, Vi € [0,1]. Then, ifyy, — oo the equilibrium
of proposition3 converges (almost surely) to the one of proposiéion

Proof It follows immediately from the fact thaA does not depend on; and as
yu — o0, Ay — Agn. Thus,p converges (almost surely) to/R) E[v|z].

Therefore, when uninformed agents display homogeneous risk attitude, if their
risk-bearing capacity grows unboundedfy), the risk premia incorporated into
equilibrium prices disappeafij) informed traders find no longer profitable to ac-
commodate the total net demand they face, @iid their demand function be-
comes “well behaved” in prices.

5 Conclusions

Recent work in finance theory has highlighted the role played by Giffen goods in
affecting stock market behavior around “unusual” events. Giffen goods character-
ize both unstable equilibria and episodes of market crashes. Indeed, when faced
with the problem of extracting a signal about the asset fundamentals, traders with
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a “backward bending” demand curve shy away from assets whose price plummets
and increase their position in assets whose price rockets. Depending on the specific
model, this eithedestabilizes the market (as id]) or introduces discontinuities in

the function mapping the asset supply into its equilibrium price (a8liarid [2]).

These contributions testify the importance of understanding the conditions under
which Giffen goods arise in markets with asymmetric information.

Building on [1], in this paper | have shown that contrary to previous intuitions in a
market where informed and noise traders exchange vectors of assets, information
effectsper seare not responsible for the existence of Giffen goods. Toke that

prices play in informed traders strategies also matters. In particular, | have demon-
strated that whenever all agents in a market are risk averse, an informed trader has
two trading motivesspeculationand market makinglInsofar as the trader uses
equilibrium prices to separate informed from noise traders’ orders, the presence
of correlation effects can lead him to attribute the total net demand he faces to in-
formed trading. As a consequence, he may thus refrain from taking the other side
of the trade, giving rise to the Giffen good anomaly. | have then given sufficient
conditions that allow to remove the anomaly from informed traders demands.
While the results are robust to general model specifications, the analysis clearly re-
lies on the competitive assumption about informed traders. Indeed, as conjectured
in the paper, the presence of a non-atomistic trader, should rule out the Giffen phe-
nomenon fromall traders’ strategies. In particular, it would be interesting to study

a model where imperfectly competitive insiders submit multidimensional demand
functions to risk neutral market makers. In this setup, one could analyze the be-
havior of the equilibrium price mapping as the number of insiders grows large,
gauging what is thelegreeof competition beyond which a Giffen good appears.
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Appendix

The following lemma, which is useful to compute conditional expected values,
adapts a standard result from normal theory to the present context (se€].e.g. [
Theorem 1, section 9.9).

Lemma 1 Suppose thaX;, X,, ..., X, is a random sample from a multivariate
normal distribution with unknown mean veciet and specified precision matrices
3,1 =1,2,...,n. Suppose also that the prior distribution ™ is multivariate
normal with mean vectog and precision matrix® such that € R and X is

a symmetric positive definite matrix. Then the posterior distributioivioivhen
X; = x; (i = 1,2,...,n) is a multivariate normal with mean vectqr and
precision matrixt = X + Y"1 | 3;, wherep = £~ 1(Zp + (3, ;) z) and

T = (3, ) (I Bi).

Proof For M = m andX; = =; (: = 1,2,...,n), the likelihood function
fu(z1, 2, ..., x,|m) satisfies the following relation:

fo(x1, T2, ..., Tp|m) o exp {—(1/2) 2:(:13Z —-m)'E;(z; — m)} . (5)

i=1

HoweverY "  (z;—m)'E;(z;—m) = (m—z) (>, E;)(m—z)+> i (z;—
x)'X;(x; — ), and since the last term in the previous equation does not involve
m, we can rewriteq) as follows:

fo(xy,®o, ..., @, |m) o exp {—(1/2)(m —z) <Z z) (m — 5,»)} . (6)

The prior p.d.f. ofM satisfies
p(m) ocexp {—(1/2)(m — p)’S(m — p)}, (7)

and the posterior p.d.§(-|x1, x2, .. ., x,) of M will be proportional to the prod-
uct of the functions specified b)Y and ). However,(m — p)'3(m — p) +
(m—z)(>X, Z)(m—z) = (m— p)E(m — ) + terms not involvingm.
Hence, we can writg(m|x, x2, ..., x,) x exp{—(1/2)(m — p)'X(m — p)}.
This is the p.d.f. of a multivariate normal distribution for which the mean vector
and the precision matrix are as specified in the statement of the lenima.

Proof of propositionlL

As is well known the assumption of a CARA utility function and multivariate
normality imply thatE[— exp{v; *Wy;}|si, p] = —exp{—; *(E[W1i|si,p] —
(1/2v;)Var[Wi;|si, p]) }- Therefore, the agent's demand is givenXy(s;, p) =
vi(Var[v|s;, p]) ~1(E[v|s;, p]| — Rp).

Consider a candidate linear equilibriddy (s;, p) = A;s; — B;p+ C;, where
A;, B,;, andC; denote matrices of parameters to be determined in equilibrium. The
market clearing equation reads as foIIoWéXi(si,p)dHu =2-Bp+C =0,
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wherez = Av +u, A = [} Aidi, B = [ Bydi, andC = [ C;di. Given
the market clearing equation, and assuming Bas non singularp and z are
observationally equivalent, and traders condition indifferentlypoar z when
determining their positions. To compute equilibrium strategies, assume that the

matrix A is invertible. ThenA ™' (z — @)jv ~ N(v, A 'TI;'(A")1). Also,
si|v ~ N(v,l‘[gil). Therefore, applying lemma, with n = 2, 1 = s;, 2 =
Az - @), andm = v, E[v|s;,p] = (Ily + ATIuA + TIe,) ! (o +
A'TIy(z — @) + g, s;), and Vafu|s;, p] = (ITy + ATy A + II¢,) L. Substi-
tuting these expressions into the agent strategy and simplifying

X;(si,p) = ville, (s; — Rp) + 7i(Tlyo + A'Tly(z — @) — RIIp),  (8)

wherell = ITy+A'TIA. Hence A; = v, I1¢, and the matrixA is symmetric and
positive definite. Substitutingj into the market clearing equation and solving for
the equilibrium pricep = (1/R)(Az+(I—AA)®)—(7/R)(A+7I1) "t Ally @,
whereA = (A +711) "1 (I +7ATly,), andy = fol v:di. Thus,B = (1/R)A, and
given our assumptions this matrix is non singular. Solvingzfar the equilibrium
price, and substituting it intd8], gives

Xi(si7p) =
Ai(si —p) +7 (I +7ATLy) ' (Myo — @)
+ (AT (I +7ATIy) A — (I + 7ATIy) Ty
—(I + yATly) 'ATly4A)Rp) .

Notice thatATIq, (1 +5ATly ) tA = (I +5ATIly,) ' AII, A, hence using the
definition of A and simplifying the previous expression gives the traders equilib-
rium demand functions displayed in propositthn O

Proof of propositior?

Consider a candidate linear equilibriuky;(s;,p) = A;s; + ¢;(p), where
A; and ¢;(-) denote respectively the matrix of trading intensities and a linear
function of current prices. Owing to linear strategies, the aggregate order flow
is given byL(p) = fol Xri(si,p)di + u = z + ¢(p), wherez = Av +
u, A = fol A,di, and ¢(p) = fol ¢i(p)di. Because of competition for each
order flow and risk neutralityp = (1/R)E[v|z]. Assume thatA is invertible
and notice thatA ' (z — @)|v ~ N(v,A 'TI;'(A’)~!), hence we can ap-
ply lemmal withn = 1, m = v andz; = Afl(z — @) to obtain:p =
(1/R)IT Y (TIyo + A'TIy(z — w)) = (1/R)(Arn(z — @) + (I — ApnA)D),
wherell = (Var[v|z])~! = Iy +A'TIy A andA gy = IT-'A'TIy,. Let us now
turn attention to traders’ strategies. As seen in the previous proof, the assumptions
of a CARA utility function and multivariate normality imply that the agent’s de-
mand is given byX;(s;, p) = vi(Var(v|s;,p]) ' (E[v]s;, p] — Rp). As si|v ~
N (v, Hgl_l), andp is in equilibrium observationally equivalentfb_l(z —u), we
can again apply lemmawith n = 2, 1 = s;, 5 = Afl(z —u), andm = v.
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This givesE[v|s;,p] = II; (TIIRp + Il¢,s;), whereIl; = (Varfv|s;, p])~!
= Iy + ATIyA + II¢,. Plugging these expressions into the equilibrium strat-
egy and simplifying,

X71i(si,p) = ville, (si — Rp).

Thus,A; = yillg,, andg;(p) = —A;Rp. As A; = A} = v;Il¢,, the assump-
tion thatA is nonsingular is correct in equilibrium. To determine market makers’
demand, consider the market clearing condition

z—ARp+ Xuu(p) =0. %)

Solving forz from the equilibrium pricez = (ATly,) ' (TIRp—IIyv+ATly ).
Substituting the latter expression B) (and isolatingX s s (p) gives: Xy (p) =
(Agy —A)(® - Rp) —u. O

Proof of propositior3

Along the same lines of the previous proofs, CARA utility functions and multi-
variate normality implyX;(s;, p) = vr:(Var[v|s;, p]) 1 (E [v|s;, p] — Rp), and
Xy;(p) = yu;(Var[v|p]) "' (E [v|p] — Rp). Consider a candidate linear equi-
librium Xﬁ(si,p) = Aisi — Bhp + C]Z‘, XU](p) = CUj — BUjPa where
A;, Br;, Byj, Cy;, andCy; denote matrices of parameters to be determined in
equilibrium. The market clearing equation reads as f0||0ﬁ§1$X17:(Si,p)di +
fol Xyi(p)dj +u=2z—-Bp+C = 0, wherez = Av + u, A = fol A, di,

B = [, Bydi + [, By;dj, andC = [, Cpidi + [, Cy;dj. Given the market
clearing equation, and assuming tBais non singularp andz are observationally
equivalent, and traders condition indifferently pror z when determining their
positions. To compute equilibrium strategies, assume that the mtisxinvert-
ible. Then, A ™" (z — @)[v ~ N(v, A” T (A")™1). Also, s;[v ~ N(v,IIg}).
Therefore, applying lemma E[v|s;, p] = (Ily + ATl A + Il¢,) " (Tyo +
A'TIy(z — @) + g, s;), and Vafu|s;, p| = (Tly + A'TIy, A + Tl¢,) L. Substi-
tuting these expressions into the informed agent strategy and simplifying

X71i(si,p) = vrille, (si — Rp) + vri(My + A'Tly(z — @) — RIIp), (10)

whereIl = I, + A'TIA. Hence A; = ;,I1e, and the matrixA is symmetric
and positive definite. Similarly,

Xu;(p) = yv;j(Tlyv + Ally(z — u) — RIp). (11)
Substituting £0) and (L1) into the market clearing equation and solving for the

equilibrium pricep = (1/R)(Ayz+(I—AyA)v)—(7/R)(A+~IT) "L ATl u,
whereAy = (A + AI1) "' (I + 7ATly), andy = [, vrdi + [ vu;dj. Thus,
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B = (1/R)Ay, and given our assumptions this matrix is non singular. Solving for
z in the equilibrium price, and substituting it int@@), gives

Xr1i(si,p) =
Ai(si —p) + 71 (I +YAIIy)  H (TIyo — u)
+(ATIy (I + 7ATIy) ' A — (I + 7ATIy) Ty
—(I +7AIly) 'AIl4A)Rp) .

Notice thatATIy, (I + ATy ) 'A = (I + JAIIy) 'ATl4 A, hence using
the definition of Ay and simplifying the previous expression gives the informed
traders equilibrium demand functions displayed in proposi8ioflong the same
lines, one obtains the second equationdf ( O
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