C Appendix: Strategic trading with heterogenous hori-

zon and dispersed information

In this Appendix, I consider the effect of public information on strategies and prices in
modified versions of a standard Kyle (1989) model of strategic trading. I show that as the
number of agents grows without bound the analyzed version of the model converges to the
standard competitive REE model with dispersed information analyzed in the main text.?
I deviate from Kyle (1989) along two main dimensions. First, I consider the general
information structure. Second, I allow for the interaction of two groups who consume at

different time points.

C.1 Set-up

I consider two groups of traders, A and B trading the same risky asset and a riskless bond,
where A-traders and B-traders are indexed by ¢ = 1,...N and j = 1,...N respectively. The
return on the bond is normalized to 1. There are three periods, ¢ = 1,2,3. The uncertain
fundamental value 6 is realized in period 3. The equilibrium price of the risky asset is
denoted p; in period t. Each agent has CARA utility over final wealth with the identical
risk-aversion parameter . The total supply of assets,u;, in period 1 and us = u; + Aus in
period 2 are normally and independently distributed.?® The strategy of a trader in period
t, is to submit a demand schedule d: (p;, Z;) or d{ (pt,Itj ), her desired gross holding of the
risky asset conditional on the price, to a ”Walrasian auctioneer” given her information set,
Zi or Itj . The auctioneer picks an equilibrium price which equals the total demand of agents

to the random supply.2” We denote the market clearing rule as

pe = Pt (Dy) (71)

25 As it is explained in Kyle (1989), the limiting properties of the model depends on how the limit is
exactly taken. In particular, whether the total precision of private information or the standard deviation of
per capita noise in the economy is held constant. In our specification we choose the latter which ensures
that our Nash equilibrium in demand schedules converges to the REE equilibrium.

26The independence of u; and u, implies that the additional supply in period 2, Auy has to be perfectly
negatively correlated with u;. This is clearly a stark assumption, but leads to the simplest analysis. The
model can be generalized to include any correlation structure across the noise terms. The main results are
robust to this treatment.

2T Just as Kyle (1989), we allow any convex-valued upper-hemicontinous correspondences mapping from
prices to [—00, 00] as demand shedules and we require the same market clearing rules. These rules specify
what the auctioneer should do in case of infinite orders for a given price and in case of multiple or non-
existing finite market clearing price. Although these rules are part of the description of the game, they do
not come into play in our equilibrium, so, to safe space we refer the reader to Kyle (1989) for the details.




where D; is the vector of strategies of all traders active in period t.

In this Appendix, I consider only Case 1, where A-traders trade in period 1 and sell their
portfolio to B traders in period 2 and consume the proceeds, while B traders liquidate their
portfolio in period 3 for the fundamental value 6 and consume the proceeds. In period 1,
only A-traders trade. B-traders arrive and trade in period 2 only. Thus the utility of traders

and the market clearing conditions are determined as follows.

Case 3 Fach A-trader solves

max E |—e"Wa \Iﬂ (72)
GRS

Wi = d (p1,Z}) (p2 — p1)
and each B-trader solves

max F [—e‘”Wé ]I%] (73)
dj (p2,73)

Wh = & (p2,T3) (0 —pa).

Components of the random supply, uy and us are drawn independently from the distributions

N? N?
ulNN<O,?),U2NN(O,?)
1 2

The information structure is defined in the main text in equations (1)-(5). The informa-

tion sets of agents are

i = {z',y}
7 = {<.y}
I% = {Zj7yap1}~

We are looking for a Perfect Bayesian Equilibrium in demand schedules defined as follows.

Definition 2 A Perfect Bayesian Equilibrium in demand schedules is given by the strat-
eqy profiles Dy, Doy in which individual strategies are best responses given the equilibrium
strategies of all other players and expectations are formed according to Bayes’ rule. That is,
for any given i and j, and any realization of the information sets I} or Ig, di (p1, 1) and
A (pQ,Ig) solve problems (72)-(73) subject to (71) , respectively.

Note that in this equilibrium, each trader not only takes into account her direct impact
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on prices due to the market clearing mechanism, but also her indirect impact through the
information content of prices.
C.1.1 Equilibrium
In the conjectured equilibrium strategies are
d) = bozl + coy + gaqi — espo (74)
di = aixr'+cy—ep (75)
for B and A traders, respectively, where ¢; is the price signal corresponding to period 1

q _81101—Cly_£f Uy
1=— =T —
a; a N

(76)

with & = ¥;2% and its conditional precision is

11
var (|7)  ofai’

T2 (77)
It is easy to see that p; and y are informationally equivalent to y and the price signal ¢;. For
the definition of ¢; I used the market clearing condition in the first period. Also, from the
market clearing condition for the second period, we define the price signal ¢, as

_ ©p—CY— &0 Uz

P2 = =T -

bs bo N

with a conditional precision

2 T
27 var (g2]%)  63bAN?’

(78)

Finally, we define by, co, €9, g2 and ay, ¢y, ejas the linear coefficients of the conditional

expectations

E017,y,q1,42) = b’ + oy + €202 + g2 (79)
E (QZ|xi>y;(11) = a1$i+cly+61Q1
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and

9 1
var (0|Z]7 Y, a1, QQ)
9 1
T =

var (ql‘xi> Y, q1)

as the corresponding precisions. Note that all the expectational coefficients and precisions
are functions of the primitive parameters and the equilibrium values of 7, 7.

I will prove the following proposition.

Proposition 10 1. For any N > 2, there are 51, oy thresholds that for every N > ]\7, 0 <

51 and 0y < 52 there is a symmetric linear equilibrium,where

QbQ(N_Q)_GQ

b =
2 Ty ~ (N — 1) (80)
2(N_2)b2 — €
- 81
Co 7—9 ’Y(N—l) b2—|—€2 ( )
by (N —2)—e
2 2 2
e T, . 89
2T N =) (bt e) (82)
_ Q(N_2)52—€2 g2
g2 — 7—0 ~ (N _ 1) ey T+ b2 (83)
and
2
Tq a1
a = (84)
a1+ei
7 (ea +by) <1 + —((N(_;)allel))
o — 7'_,12 ((b2 +€2) c1 + ¢2) (e2+b2)(211+61)+92 (85)
ai+ey
,y (62 + b2) <1 + ((N(—Q)al—)el))
e, = T_q2 (N - 2) a; — e (86)
v (N —1) (e2 +b2) ((e2 + b2) (a1 + €1) + g2)

Furthermore, all coefficients and equilibrium constants are calculated at 71 = 77 (N)

and 7, = 75 (N) where 75,7 are the fixved point of

by (N —2) —e
2 V2 2
o2 (N —1)

T2 (87)

2
P e -7 (88)
7

€9 + bg) <1 -+ —((N(f;;raellzel))

respectively.
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2. For any parameters, as N — oo, the equilibrium converges to a symmetric linear
equilibrium where the equilibrium objects converges to their counterparts in Proposition
2 of the main text.

First I derive the equilibrium objects for given 7 and 7.

The problem of B traders is very similar to the corresponding problem in Kyle (1989).
The main difference is that now they use the price of the first period as as an additional,
endogenous public signal on the fundamental value. From conjecture (21) and the market

clearing condition, agent j faces the residual demand curve

P2 = P2 — hod)
where 1
M= N e, 89
2 (N — 1) €9 ( )
Thus, a B trader maximizes
J ~ ~ J j J 2 Y o
(E (9’2 73/,1727@1) — P2 — )\2d2) d2 — (dQ) (2—7_2> =
0
= I u. B ~ j 72 Y
= (E (9|Z 7yap2aq1) _pQ) <d2) — (d2) ()\2 -+ 2_7_2)
0
which gives
(E (8|Zj7y7]527q1) _ﬁQ) - de <2/\2 + %) =0
0
implying |
g = B0y, 00,01) — pa+ dody
? 200 + &
0
and gl
d]2 _ ( ‘Z 73/7Q2>Q1) _p2‘ (90)

A2+ 5
6
Using (18) and the definition of ¢y, rewrite this as

€2p2—C2y—g2q1

bo2? + coy + S i
Ao + %2 '

)
5 =

In a symmetric equilibrium, the coefficient of 27, y, ¢, and p, has to be equal bs, ¢, g2 and
e, respectively. Using also (89) gives (80)-(83).
The problem of each A trader is more subtle. Each A trader has to liquidate her assets



before the fundamental value, @, realizes. Thus, she has to form expectations about the price
in period 2. As (90) shows for this she have to form expectations about the expectations
of B traders. That is, second order expectations matter. Furthermore, when she forms
expectations on p,, she has to take into account the effect of her own trades on period 2
prices through period 1 prices which B traders use as signals.

In particular, market clearing in period 1 implies that given the conjectured strategies of

B traders,A agents face the residual demand curve
p1=p1— Ald{

in period 1 where
1

M=E
! (N— 1) (S31

Market clearing in period 2 implies that

bzt ey tgen —F

P2 =
€2
By the definition of ¢; we can rewrite this as
P2 = Pa — Aadi (91)
where
e
)\A = %—1/\1
€
3 b,z + <02—g2§—i)y— N+ 8ah
pPa = .
€2

Thus, problem (72) is equivalent to maximizing

(E (ﬁA|Ifap1) —ady — (p1 — \dy)) di — (di)Q <%UW (p2|$iyy,p1)> =

= (E (ﬁA|xiv y?ﬁA) - ﬁl) dzl - <d21)2 ((Al - >‘A) + %/UCL’T’ <p2|xiv ?J7p1)>
with the second order condition

()‘1 - )‘A) + %/UCL’I" (p2|$i7 yapl) > 0.
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From the first order condition of A traders this gives

E (ﬁA|I{7 QI) - ]31
2 (A, = Aa) +yvar (p2|at, y, p1)

& =

or, equivalently,

J

: L (%ZE<9|Zj7yuq27ql) - ()\2—1-%) %|xi,y,q1> —m
di _ E (p2|$zay;(h> — D1
1

A = A yvar (pe]at,y, qu) A — Aa +yvar (po|at,y, q1)

(92)
For the second equation, I used the market clearing condition in period 2 in order to em-
phasize the role of second-order expectations in A traders demand functions. Rewrite (75)
as

bo i er c1 gg(:—iplfy:—i)+qy
o \ T Te o~y ) tay)+ o — DN

2
AL — g+ (2—;) %.

& =

For an equilibrium, we have to find a;,cy,e;, such that (75) equals to (75) for any
realizations of the random variables. Equating the coefficients in the two equations give
(84)-(86). Finally, substituting (80) and (84) into (77) and (78) give (87) and (30).

For the existence and convergence to the REE equilibrium, first we have to find the
coefficients bg,@g,a1,€1,7(1277'92 by Projection Theorem and substitute in to (87) and (30).

This procedure gives the following fixed point problem for any fixed N

T, = I (72771)
n o= F (72,71’5/)
Y = Fy (T2,7'1)

where
(52(K)-}—w)NOé(NOc(N—Q)—Tg(N—l))(KT12+NOLKZ+NO¢’T'12>
F2 ==
'y(N—l)((NQQQ(N—I)(712+ﬁ+w)+Na(N—1)(52+2n7-12+2wn+2w712)+m-12(n+2w)(N—1))7—22+(N3a2(n2+an+aw+2ﬁw+a7—f+n’rf+w7—12
and
1 N3a372 (k? — Bw)
F, = 66— 5 5 5 Y
yNa(Na+ (N —1)735) (ki + Nak + Nati) (k + w)
N—-2
o ki NO‘ENA; — 7
v kg Na
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where

ki o= (J—1) (k + Ja) (kB + kw + 28w + 2Jak + JafB + Jaw) 72+ ,
1 = Ja(ﬁ2ﬁ+ﬁ2w+2ﬁﬁw+‘]a’%2+J04/iﬁ+JOéliw—|—,]aﬁw)

+Ja?B + Jolw + JakB + Jakw + JaBw
+Ja (ar? + K28 + k2w + akfB + akw + afw + 2kLBw)

( ak? + k2B + KAw + akB + akw + afw + 26w + Jak?® + 2Ja*k > )
-
J?o 1

L 27~ 1) (k+ Ja) (kB + kw + 2fw + 2Jak + Jaf + Jaw) 73
= T- —_
’ ! +Ja (k2B + K2w + 26w + Jar? + JakB + Jakw + JaBw)

2 ak? + K20 + K'w + akf + akw + afw + 25w + Jar? + 2Jak+ | N
a T.

Jo2B + Jalw + JakB + Jakw + Jafw 2
J3ao? (om2 + K28 + K*w + akf + akw + afw + 2/<;Bw)

Observe first, that 79 = F; (79, 71) gives a unique solution for any fixed 7, and this root
is always positive. This is so, because it can be rewritten as a third-order polynomial in 75,

with positive coefficients but negative intercept. It is easy to check that the root is finite for
(N-2)
(N-1)
positive Y and 13, 71 = F| (72,71, Y) gives a unique solution with the same sign as (k? — Bw) .

any 71 € (—o0,00). Second, Fy (71, 72) is positive as long as N« > 72. Finally, for any

Then, the proof is constructed by the following procedure.

1. Let us fix a NV, Define 73°* (N) as

T(N) = max To
71 E€(—00,00)
st.Fy(13,11) = To.
and define T;lax(l) = maXy. yo 753 (N).

2. Consider Fy (72, 72) for any 72,72, for any N > N we define Y™ (), Y™ (N) as

Yy max (N) = max(D)IIlaX v-2) Fy (7’1, 7'2)
7'226 [O,T2 ],TEE[O,NQW]
Ymin (N) = min Fy (Tl, 7'2)

T2€ [O,Tmaxﬂ))],ffe [O,Noz

(N=2)
(V=]

also define

Ymax(l) — max Ymax (N)
N>N®)
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3. Consider F (11, 72,Y) = 7 equation. Define 7{"** (N) as

" (N) = max 7|
7_26[077_510;1)(]7Y6[Ymin(1)7ymax(l)]
S.t.Fl (7’2,7’1,Y) = T1.

Then define 7™ = max . ya |7 (V)] .

4. Check that whether the above steps give

7_rnax(l) 2 (
i R
(N® -2)
(N®—1)

2
() < N

Zl Zl Zl 2|

-2
-1
—2)
-1

If not, decrease 9; and J, until the point that repeating steps 1-3 ensures that these
conditions hold. As d; — 0 implies 71 — 0 for any 75 and Y, and 3 — 0 implies 75 — 0
for any 7, for any N there will be a 551) and 551) that this condition holds for any
d < 5%1) and dy < 5&1) and N > N,

5. Thus, we can define the compact space [O Tmax(l)} X [O maX(l)} X [ymin() fymax(1)]
for k? > Bw and [T{nax(l), O] X [O,T;WX( )] X [Ymin(l),Yma"(1 } otherwise on which are

fixed point problem is a continuos self-map for every N > N so we will have an

equilibrium for each of these points. This proves existence with 31 = 351) and 32 = 551)

6. .Now define 1)) = [ 0 70 Y(l)} as (one of) the fixed point of the system

Ty = Iy (7277'1)
= Fi(nmn,Y)
Y = Fy (7’2,7'1)

for N = N Following the steps above, after choosing N1 = N 41, we can con-
struct a series of fixed points,)(™, compact spaces, 7" ax(n) max(") ,Ymin(n) yrmax(n) apd
thresholds N (5(n (5 () If there are more than one fixed pomt in step n, let us choose
the one which is closest to the fixed point [, 75, Y*| given in Proposition 2 in the Eu-
clidean sense. By construction, the compact space is non increasing, the thresholds
5 55" are non-decreasing, and lim,_,. 0., 65" = co. As all the coefficients in poly-
nomials defined by F; = 7 and Fy, = 7 and the coefficients in polynomials defining

Y are converging to their equivalents in the limit problem, the functions must also

1X



converge to the ones in the limit problem point by point. Thus, for every ¢, there is a
sufficiently large n that |¢(”) — W”_l)‘ < e. Thus, it is a convergent series and its limit

point must be ¥(>®) = [r7, 75, Y*].



