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A Discrete Time Models

In this Appendix, we present the discrete time version of the baseline fast and slow

models.

A.1 Discrete Time Fast Model

We use the notations from Section 2. Denote by Iqt = {∆zτ}τ≤t−1 ∪ {∆yτ}τ≤t−1 the

dealer’s information set just before trading at t, and by Ipt = {∆zτ}τ≤t−1 ∪ {∆yτ}τ≤t =

Iqt ∪ {∆yt} the information set just after trading at t. The zero profit condition for the

competitive dealer translates into the formulas

qt = E(v1 | Iqt ), pt = E(v1 | Ipt ). (A.1)

We also denote

Ωt = Var(vt | Ipt ), Σt = Var(vt | Iqt ). (A.2)

Definition A.1. A pricing rule pt is called linear if it is of the form pt = qt + λt∆yt,

for all t = 1, . . . , T .1

The next result shows that if the pricing rule is linear, then the speculator’s strategy

is also linear, and furthermore it can be decomposed into a forecast error component,

βt(vt − qt)∆t, and a news trading component, γ̃t∆vt, where γ̃t ≡ γt − βt∆t = αtΛtµt
λt−αtΛ2

t

(see (A.6)).

1We could defined more generally, a pricing rule to be linear in the whole history {∆yτ}τ≤t, but as
Kyle (1985) shows, this is equivalent to the pricing rule being linear only in ∆yt.
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Theorem A.1. Any equilibrium with a linear pricing rule must be of the form

∆xt = βt(vt−1 − qt)∆t+ γt∆vt,

pt = qt + λt∆yt,

qt+1 = pt + µt(∆zt − ρt∆yt),

(A.3)

for t = 1, . . . , T , where βt, γt, λt, µt, ρt, Ωt, and Σt are constants that satisfy

λt =
βtΣt−1 + γtσ

2
v

β2
t Σt−1∆t+ γ2

t σ
2
v + σ2

u

,
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(
σ2
u + β2
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)
σ2
v

(β2
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t σ
2
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u)σ
2
e + (β2

t Σt−1∆t+ σ2
u)σ

2
v

,

Λt = λt − ρtµt =
βtΣt−1(σ2

v + σ2
e) + γtσ

2
vσ

2
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(β2
t Σt−1∆t+ γ2

t σ
2
v + σ2
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2
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t Σt−1∆t+ σ2
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2
v

,
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2
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2
v + σ2

u

,
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v∆t−
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2
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t σ
4
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t Σt−1∆t+ γ2
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2
v + σ2

u

∆t,

Σt = Σt−1 + σ2
v∆t

−
β2
t Σ

2
t−1(σ2

v + σ2
e) + β2

t Σt−1∆tσ4
v + σ4

vσ
2
u + γ2

t σ
4
vσ

2
e + 2βtγtΣt−1σ

2
vσ

2
e

(β2
t Σt−1∆t+ γ2

t σ
2
v + σ2

u)σ
2
e + (β2

t Σt−1∆t+ σ2
u)σ

2
v

∆t.

(A.4)

The value function of the speculator is quadratic for all t = 1, . . . , T :

πt = αt−1(vt−1 − qt)2 + α′t−1(∆vt)
2 + α′′t−1(vt−1 − qt)∆vt + δt−1. (A.5)
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The coefficients of the optimal trading strategy and the value function satisfy

βt∆t =
1− 2αtΛt

2(λt − αtΛ2
t )
,

γt =
1− 2αtΛt(1− µt)

2(λt − αtΛ2
t )

= βt∆t+
αtΛtµt

λt − αtΛ2
t

,

αt−1 = βt∆t(1− λtβt∆t) + αt(1− Λtβt∆t)
2,

α′t−1 = αt(1− µt − Λtγt)
2 + γt(1− λtγt),

α′′t−1 = βt∆t+ γt(1− 2λtβt∆t) + 2αt(1− Λtβt∆t)(1− µt − Λtγt),

δt−1 = αt
(
Λ2
tσ

2
u + µ2

tσ
2
e

)
∆t+ α′tσ

2
v∆t+ δt.

(A.6)

The terminal conditions are

αT = α′T = α′′T = δT = 0. (A.7)

The second order condition is

λt − αtΛ2
t > 0. (A.8)

Given Σ0, conditions (A.4)–(A.8) are necessary and sufficient for the existence of a

linear equilibrium.

Proof. First, we show that equations (A.4) are equivalent to the zero profit conditions of

the dealer. Second, we show that equations (A.6)–(A.8) are equivalent to the speculator’s

strategy in (A.3) being optimal. These two steps prove that equations (A.3)–(A.8)

describe an equilibrium. Conversely, all equilibria with a linear pricing rule must satisfy

these equations since the trading strategy in (A.3) is the best-response to the linear

pricing rule.

Zero profit of dealer: Start with with the dealer’s update due to the order flow at

t = 1, . . . , T . Conditional on Iqt , the variables vt−1− qt and ∆vt have a bivariate normal
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distribution:  vt−1 − qt

∆vt

 | Iqt−1 ∼ N


 0

0

 ,
 Σt−1 0

0 σ2
v


 . (A.9)

The aggregate order flow at t is of the form

∆yt = βt(vt−1 − qt)∆t+ γt∆vt + ∆ut. (A.10)

Denote by

Φt = Cov


 vt−1 − qt

∆vt

 ,∆yt
 =

 βtΣt−1

γtσ
2
v

∆t. (A.11)

Then, conditional on Ipt = Iqt ∪ {∆yt}, the distribution of vt−1 − qt and ∆vt is bivariate

normal:  vt−1 − qt

∆vt

 | Ipt ∼ N

 µ1

µ2

 ,
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1 ρσ1σ2

ρσ1σ2 σ2
2


 , (A.12)

where µ1

µ2

 = Φt Var(∆yt)
−1∆yt =

 βtΣt−1

γtσ
2
v

 1

β2
t Σt−1∆t+ γ2

t σ
2
v + σ2

u

∆yt, (A.13)

and σ2
1 ρσ1σ2

ρσ1σ2 σ2
2

 = Var


 vt−1 − qt

∆vt


− Φt Var(∆yt)

−1Φ′t

=
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0 σ2
v∆t

− 1
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v + σ2

u
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2
t−1 βtγtΣt−1σ

2
v
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2
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4
v

∆t.

(A.14)

We compute

pt − qt = E(vt − qt | Ipt ) = µ1 + µ2 =
βtΣt−1 + γtσ

2
v

β2
t Σt−1∆t+ γ2

t σ
2
v + σ2

u

∆yt, (A.15)
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which proves equation (A.4) for λt. Also,

Ωt = Var(vt − qt | Ipt ) = σ2
1 + σ2

2 + 2ρσ1σ2

= Σt−1 + σ2
v∆t−

β2
t Σ

2
t−1 + 2βtγtΣt−1σ

2
v + γ2

t σ
4
v

β2
t Σt−1∆t+ γ2

t σ
2
v + σ2

u

∆t,
(A.16)

which proves the formula for Ωt.

Next, to compute qt+1 = E(vt | Iqt+1), we start from the same prior as in (A.9), but

we consider the impact of both the order flow at t and the dealer’s signal at t+ 1:

∆yt = βt(vt−1 − qt)∆t+ γt∆vt + ∆ut,

∆zt = ∆vt + ∆et.

(A.17)

Denote by

Ψt = Cov


 vt−1 − qt

∆vt

 ,
 ∆yt

∆zt


 =

 βtΣt−1 0

γtσ
2
v σ2

v

∆t,

V yz
t = Var


 ∆yt

∆zt


 =

 β2
t Σt−1∆t+ γ2

t σ
2
v + σ2
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2
v

γtσ
2
v σ2

v + σ2
e

∆t.

(A.18)

Conditional on Iqt+1 = Iqt ∪{∆yt,∆zt}, the distribution of vt−1− qt and ∆vt is bivariate

normal:  vt−1 − qt

∆vt

 | Iqt+1 ∼ N


 µ1

µ2

 ,
 σ2

1 ρσ1σ2

ρσ1σ2 σ2
2


 , (A.19)

where

 µ1

µ2

 = Ψt (V yz
t )−1

 ∆yt

∆zt

 =

 βtΣt−1(σ2
v + σ2

e)∆yt − βtγtΣt−1σ
2
v∆zt

γtσ
2
vσ

2
e∆yt + (β2

t Σt−1∆t+ σ2
u)σ

2
v∆zt


(β2

t Σt−1∆t+ γ2
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2
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2
e + (β2
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2
v

,(A.20)
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and σ2
1 ρσ1σ2

ρσ1σ2 σ2
2

 = Var


 vt−1 − qt

∆vt


−Ψt (V yz

t )−1 Ψ′t

=

 Σt−1 0

0 σ2
v∆t

−
 β2
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2
t−1(σ2

v + σ2
e) βtγtΣt−1σ

2
vσ

2
e

βtγtΣt−1σ
2
vσ

2
e (β2
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2
e + σ2
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4
v


(β2
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2
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2
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∆t.

(A.21)

Therefore,

qt+1 − qt = µ1 + µ2

=

(
βtΣt−1(σ2

v + σ2
e) + γtσ

2
vσ

2
e

)
∆yt +

(
σ2
u + β2

t Σt−1∆t− βtγtΣt−1

)
σ2
v∆zt

(β2
t Σt−1∆t+ γ2

t σ
2
v + σ2

u)σ
2
e + (β2

t Σt−1∆t+ σ2
u)σ

2
v

(A.22)

= Λt∆yt + µt∆zt = (λt − ρtµt)∆yt + µt∆zt, (A.23)

which proves equation (A.4) for µt, Λt, and ρt. Also,

Σt = σ2
1 + σ2

2 + 2ρσ1σ2

= Σt−1 + σ2
v∆t−

β2
t Σ

2
t−1(σ2

v + σ2
e) + β2

t Σt−1∆tσ4
v + σ4

vσ
2
u + γ2

t σ
4
vσ

2
e + 2βtγtΣt−1σ

2
vσ

2
e

(β2
t Σt−1 + (βt + γt)2σ2

v + σ2
u)σ

2
e + (β2

t Σt−1 + σ2
u)σ

2
v

∆t,

(A.24)

which proves the formula for Σt.

Optimal Strategy of Speculator: At each t = 1, . . . , T , the speculator maximizes

the expected profit: πt = max
∑T

τ=t E
(
(vT − pτ )∆xτ

)
. We prove by backward induction

that the value function is quadratic and of the form given in (A.5): πt = αt−1(vt−1 −

qt)
2 + α′t−1(∆vt)

2 + α′′t−1(vt−1 − qt)∆vt + δt−1. At the last decision point (t = T ) the

next value function is zero, i.e., αT = α′T = α′′T = δT = 0, which are the terminal
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conditions (A.7). This is the transversality condition: no money is left on the table. In

the induction step, if t = 1, . . . , T − 1, we assume that πt+1 is of the desired form. The

Bellman principle of intertemporal optimization implies

πt = max
∆x

E
(

(vt − pt)∆x+ πt+1 | Iqt , vt,∆vt
)
. (A.25)

The last two equations in (A.3) imply that the quote qt evolves by qt+1 = qt + Λt∆yt +

µt∆zt, where Λt = λt− ρtµt. This implies that the speculator’s choice of ∆x affects the

trading price and the next quote by

pt = qt + λt(∆x+ ∆ut),

qt+1 = qt + Λt(∆x+ ∆ut) + µt∆zt.

(A.26)

Substituting these into the Bellman equation, we get

πt = max
∆x

E
(

∆x(vt−1 + ∆vt − qt − λt∆x− λt∆ut)

+ αt(vt−1 + ∆vt − qt − Λt∆x− Λt∆ut − µt∆vt − µt∆et)2 + α′t∆v
2
t+1

+ α′′t (vt−1 + ∆vt − qt − Λt∆x− Λt∆ut − µt∆vt − µt∆et)∆vt+1 + δt

)
= max

∆x
∆x(vt−1 − qt + ∆vt − λt∆x)

+ αt

(
(vt−1 − qt − Λt∆x+ (1− µt)∆vt)2 + (Λ2

tσ
2
u + µ2

tσ
2
e)∆t

)
+ α′tσ

2
v∆t

+ 0 + δt.

(A.27)

The first order condition with respect to ∆x is

∆x =
1− 2αtΛt

2(λt − αtΛ2
t )

(vt−1 − qt) +
1− 2αtΛt(1− µt)

2(λt − αtΛ2
t )

∆vt, (A.28)
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and the second order condition for a maximum is λt − αtΛ2
t > 0, which is (A.8). Thus,

the optimal ∆x is indeed of the form ∆xt = βt(vt−1− qt)∆t+ γt∆vt, where βt∆t and γt

are as in (A.6). We substitute ∆xt in the formula for πt to obtain

πt =
(
βt∆t(1− λtβt∆t) + αt(1− Λtβt∆t)

2
)

(vt−1 − qt)2

+
(
αt(1− µt − Λtγt)

2 + γt(1− λtγt)
)

∆v2
t (A.29)

+
(
βt∆t+ γt(1− 2λtβt∆t) + 2αt(1− Λtβt∆t)(1− µt − Λtγt)

)
(vt−1 − qt)∆vt

+ αt
(
Λ2
tσ

2
u + µ2

tσ
2
e

)
∆t + α′tσ

2
v∆t + δt.

This proves that indeed πt is of the form πt = αt−1(vt−1−qt)2 +α′t−1(∆vt)
2 +α′′t−1(vt−1−

qt)∆vt + δt−1, with αt−1, α′t−1, α′′t−1 and δt−1 as in (A.6).

We now briefly discuss the existence of a solution for the recursive system given in

Theorem A.1. The system of equations (A.4)–(A.6) can be numerically solved back-

wards, starting from the boundary conditions (A.7). We also start with an arbitrary

value of ΣT > 0.2 By backward induction, suppose αt and Σt are given. One verifies

that equation (A.4) for Σt implies

Σt−1 =
Σt

(
σ2
vσ

2
u + σ2

v(σ
2
u + γ2

t σ
2
e)
)
− σ2

vσ
2
uσ

2
e∆t(

σ2
uσ

2
e + σ2

v(σ
2
u + γ2

t σ
2
e) + β2

t ∆t
2σ2

vσ
2
e − 2γtβt∆tσ2

vσ
2
e

)
− Σtβ2

t ∆t
(
σ2
v + σ2

e

) .
(A.30)

Then, in equation (A.4) we can rewrite λt, µt,Λt as functions of (Σt, βt, γt) instead of

(Σt−1, βt, γt). Next, we use the formulas for βt and γt to express λt, µt,Λt as functions of

(λt, µt,Λt, αt,Σt). This gives a system of polynomial equations, whose solution λt, µt,Λt

depends only on (αt,Σt). Numerical simulations show that the solution is unique under

the second order condition (A.8), but the authors have not been able to prove theo-

retically that this is true in all cases. Once the recursive system is computed for all

t = 1, . . . , T , the only condition left to do is to verify that the value obtained for Σ0

2Numerically, it should be of the order of ∆t.
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is the correct one. However, unlike in Kyle (1985), the recursive equation for Σt is

not linear, and therefore the parameters cannot be simply rescaled. Instead, one must

numerically modify the initial choice of ΣT until the correct value of Σ0 is reached.

A.2 Discrete Time Slow Model

We use the notations from Section 2. Denote by Iqt = {∆zτ}τ≤t∪{∆yτ}τ≤t−1 the dealer’s

information set just before trading at t, and by Ipt = {∆zτ}τ≤t∪{∆yτ}τ≤t = Iqt ∪{∆yt}

the information set just after trading at t. The zero profit condition for the competitive

dealer translates into the formulas

qt = E(vt | Iqt ), pt = E(vt | Ipt ). (A.31)

We also denote

Ωt = Var(vt | Ipt ), Σt = Var(vt | Iqt ). (A.32)

The next result shows that if the pricing rule is linear, the speculator’s strategy is

also linear, and furthermore it only has a forecast error component, βt(vt − qt)∆t.

Theorem A.2. Any linear equilibrium must be of the form

∆xt = βt(vt − qt)∆t,

pt = qt + λt∆yt,

qt = pt−1 + µt−1∆zt,

(A.33)

for t = 1, . . . , T , where by convention p0 = 0, and βt, γt, λt, µt, Σt, and Ωt are constants
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that satisfy

λt =
βtΩt

σ2
u

,

µt =
σ2
v

σ2
v + σ2

e

,

Σt =
Ωtσ

2
u

σ2
u − β2

t Ωt∆t
,

Ωt−1 = Ωt +
β2
t Ω

2
t

σ2
u − β2

t Ωt∆t
∆t− σ2

vσ
2
e

σ2
v + σ2

e

∆t.

(A.34)

The value function of the speculator is quadratic for all t = 1, . . . , T :

πt = αt−1(vt − qt)2 + δt−1. (A.35)

The coefficients of the optimal trading strategy and the value function satisfy

βt∆t =
1− 2αtλt

2λt(1− αtλt)
,

αt−1 = βt∆t(1− λtβt∆t) + αt(1− λtβt∆t)2,

δt−1 = αt
(
λ2
tσ

2
u + µ2

t (σ
2
v + σ2

e)
)
∆t+ δt.

(A.36)

The terminal conditions are

αT = δT = 0. (A.37)

The second order condition is

λt(1− αtλt) > 0. (A.38)

Given Ω0, conditions (A.34)–(A.38) are necessary and sufficient for the existence of a

linear equilibrium.

Proof. First, we show that equations (A.34) are equivalent to the zero profit conditions

of the dealer. Second, we show that equations (A.36)–(A.38) are equivalent to the

speculator’s strategy being optimal.
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Zero Profit of dealer: Start with with the dealer’s update due to the order flow at

t = 1, . . . , T . Conditional on Iqt , vt has a normal distribution, vt|Iqt ∼ N (qt,Σt). The

aggregate order flow at t is of the form ∆yt = βt(vt − qt)∆t+ ∆ut. Denote by

Φt = Cov(vt − qt,∆yt) = βtΣt∆t. (A.39)

Then, conditional on Ipt = Iqt ∪ {∆yt}, vt ∼ N (pt,Ωt), with

pt = qt + λt∆yt,

λt = Φt Var(∆yt)
−1 =

βtΣt

β2
t Σt∆t+ σ2

u

,

Ωt = Var(vt − qt)− Φt Var(∆yt)
−1Φ′t = Σt −

β2
t Σ

2
t

β2
t Σt∆t+ σ2

u

∆t

=
Σtσ

2
u

β2
t Σt∆t+ σ2

u

.

(A.40)

To obtain the equation for λt, note that the above equations for λt and Ωt imply λt
Ωt

= βt
σ2
u
.

The equation for Σt is obtained by solving for Ωt in the last equation of (A.40).

Next, consider the dealer’s update at t = 1, . . . , T due to the signal ∆zt = ∆vt+∆et.

From vt−1|Ipt−1 ∼ N (pt−1,Ωt−1), we have vt|Ipt−1 ∼ N (pt−1,Ωt−1 + σ2
v∆t). Denote by

Ψt = Cov(vt − pt−1,∆zt) = σ2
v∆t. (A.41)

Then, conditional on Iqt = Ipt−1 ∪ {∆zt}, vt|I
q
t ∼ N (qt,Σt), with

qt = pt−1 + µt∆zt,

µt = Ψt Var(∆zt)
−1 =

σ2
v

σ2
v + σ2

e

,

Σt = Var(vt − pt−1)−Ψt Var(∆zt)
−1Ψ′t = Ωt−1 + σ2

v∆t−
σ4
v

σ2
v + σ2

e

∆t

= Ωt−1 +
σ2
vσ

2
e

σ2
v + σ2

e

∆t.

(A.42)
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Thus, we prove the equation for µt. Note that equation (A.42) gives a formula for Ωt−1 as

a function of Σt, and we already proved the formula for Σt as a function of Ωt in (A.34).

We therefore get Ωt−1 as a function of Ωt, which is the last equation in (A.34).

Optimal Strategy of Speculator: At each t = 1, . . . , T , the speculator maximizes

the expected profit: πt = max
∑T

τ=t E
(
(vT − pτ )∆xτ

)
. We prove by backward induction

that the value function is quadratic and of the form given in (A.35): πt = αt−1(vt −

qt)
2 + δt−1. At the last decision point (t = T ) the next value function is zero, i.e.,

αT = δT = 0, which are the terminal conditions (A.37). In the induction step, if

t = 1, . . . , T − 1, we assume that πt+1 is of the desired form. The Bellman principle of

intertemporal optimization implies

πt = max
∆x

E
(

(vt − pt)∆x+ πt+1 | Iqt , vt,∆vt
)
. (A.43)

The last two equations in (A.33) show that the quote qt evolves by qt+1 = qt + Λt∆yt +

µt∆zt+1. This implies that the speculator’s choice of ∆x affects the trading price and

the next quote by

pt = qt + λt(∆x+ ∆ut),

qt+1 = qt + λt(∆x+ ∆ut) + µt∆zt+1.

(A.44)

Substituting these into the Bellman equation, we get

πt = max
∆x

E
(

∆x(vt − qt − λt∆x− λt∆ut)

+ αt(vt + ∆vt+1 − qt − λt∆x− λt∆ut − µt∆zt+1)2 + δt

)
= max

∆x
∆x(vt − qt − λt∆x)

+ αt

(
(vt − qt − λt∆x)2 + (λ2

tσ
2
u + µ2

t (σ
2
v + σ2

e))∆t
)

+ δt.

(A.45)
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The first order condition with respect to ∆x is

∆x =
1− 2αtλt

2λt(1− αtλt)
(vt − qt), (A.46)

and the second order condition for a maximum is λt(1 − αtλt) > 0, which is (A.38).

Thus, the optimal ∆x is indeed of the form ∆xt = βt(vt − qt)∆t, where βt∆t satisfies

equation (A.36). We substitute ∆xt in the formula for πt to obtain

πt =
(
βt∆t(1−λtβt∆t)+αt(1−λtβt∆t)2

)
(vt− qt)2 + αt

(
λ2
tσ

2
u+µ2

t (σ
2
v +σ2

e)
)
∆t + δt.

(A.47)

This proves that indeed πt is of the form πt = αt−1(vt − qt)2 + δt−1, with αt−1 and δt−1

as in (A.36).

Equations (A.34) and (A.36) form a system of equations. As before, it is solved

backwards, starting from the boundary conditions (A.37), and so that Ωt = Ω0 at t = 0.

13



B Sampling at Lower Frequencies than the Trading

Frequency

In this section, we show that Corollaries 4 and 5 in Section 4 generalize when trades

are aggregated over intervals of an arbitrary length ∆τ . Suppose trading takes place in

continuous time, but trades are aggregated over T > 0 time intervals of equal length

1
T

= ∆τ . Then, data are indexed by t ∈ {1, 2, . . . , T}, which corresponds to calendar

time τ = t∆τ ∈ [0, 1]. Denote by ∆xt = xt−xt−1 =
∫ t∆τ

(t−1)∆τ
dxτ the aggregate informed

order flow over the t-th time interval.3

The empirical counterpart of the Speculator Participation Rate and the autocorre-

lation of the speculator’s order flow when data are aggregated every ∆τ periods of time

are, respectively,

SPRt =
Var(∆xt)

Var(∆xt) + Var(∆ut)
,

Corr(∆xt,∆xt+s).

(B.1)

Proposition B.1. When the sampling interval ∆τ is small, the empirical speculator

participation rate in the slow model increases with ∆τ and is always below its level in

the fast model:

SPRS
t =

(βSt )2Σt

σ2
u

∆τ + o(∆τ),

SPRF
t =

(γF )2σ2
v

(γF )2σ2
v + σ2

u

+
o(∆τ)

∆τ
.

(B.2)

The informed order flow autocorrelation in the fast model increases with the sampling

3This is related, but not equivalent, to the order flow at the t-th trading round in the discrete model
of Section 2. In the limit when ∆τ approaches zero, it is reasonable to expect that the two notions
are equivalent. This depends on whether the coefficients of the discrete time model (as described in
the Internet Appendix) converge to the corresponding coefficients of the continuous time version. We
conjecture this is true, as in Kyle (1985), although we have not formally proved it.
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interval ∆τ and is always below its level in the slow model:

Corr(∆xSt ,∆x
S
t+s) =

(
1− (t+ s)∆τ

1− t∆τ

)λSβS
0 −

1
2

+
o(∆τ)

∆τ
,

Corr(∆xFt ,∆x
F
t+s) =

βFt+s

(
βFt Σt + γF

(
1− ΛFγF − µF

)
σ2
v

)
(γF )2σ2

v

×
(

1− (t+ s)∆τ

1− t∆τ

)ΛF βF
0

∆τ + o(∆τ).

(B.3)

Proof. The aggregate trade over the t-th interval is ∆xt =
∫ t∆τ

(t−1)∆τ
βτ (vτ −qτ )dτ +γ dvτ .

When ∆τ is small, βτ is approximately constant over the interval [(t − 1)∆τ, t∆τ ].

Thus, in the slow model we have ∆xSt = βSt (vt − qt)∆τ + o(∆τ), since γS = 0. This

implies Var(∆xSt ) = (βSt )2Σt(∆τ)2 + o
(
(∆τ)2

)
. Also, Var(∆ut) = σ2

u∆τ , which yields

the speculator participation rate in (B.2). Using Lemma A.1 in Appendix A, we obtain

Cov(∆xSt ,∆x
S
t+s) = βSt+sβ

S
t Σt

(
1−(t+s)∆τ

1−t∆τ

)λSβS
0

(∆τ)2 + o
(
(∆τ)2

)
, which proves the first

equation in (B.3).

In the fast model, ∆xFt = βFt (vt − qt)∆τ + γF∆vt + o(∆τ). Then, Var(∆xFt ) =

(γF )2σ2
v∆τ + o(∆τ), which implies the speculator participation rate in (B.2). Using

Lemma A.1, Cov(∆xFt ,∆x
F
t+s) = βFt+s

(
βFt Σt+γ

F
(
1−ΛFγF−µF

)
σ2
v

)(
1−(t+s)∆τ

1−t∆τ

)ΛF βF
0

(∆τ)2+

o((∆τ)2), where ΛF = λF − µFρF , which proves the second equation in (B.3).
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Figure C.1: Timing of events during [t, t+ dt]
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pt+dt =
pt,m

C Infrequent News Arrivals

In this Appendix, we generalize our baseline model by having the speculator receive

signals every m ≥ 1 trading periods, and the dealer receive the news with a lag ` =

0, . . . ,m. The case m ≥ 1, ` = 0 generalizes our baseline slow model, while the case

m ≥ 1, ` ∈ [1,m) generalizes our baseline fast model.

C.1 Model

As in the baseline model, the speculator is risk neutral and maximizes his expected

profit in each trading round. The dealer is risk neutral and competitive and sets prices

equal to expected value v1 given her information set—which consists of past news and

trades. To obtain simpler formulas, we set the model in continuous time. We do that

by allowing m trading rounds in the interval [t, t + dt], rather than just one round as

in the baseline model. (See Figure C.1.) The uncertainty in the model is driven by

three diffusion processes: vt, ut and et, all with zero drift and constant volatility, as well

as independent increments. At t = 0, before any trading takes place, the speculator

learns v0. Subsequently, at each t ∈ [0, 1), the speculator learns dvt; later in the interval

[t, t + dt], after ` more trading rounds, the dealer learns a noisy signal dzt = dvt + det

(the news). Moreover, each trading round the noise traders submit an IID order flow,

so that the aggregate over the m trading rounds is dut.

More precisely, for each t ∈ [0, 1), we partition the interval [t, t + dt] into m equal

intervals, and index the end points by {0, 1, . . . ,m}. Denote by (t, j) the trading round

16



at the end of the j-th interval in [t, t + dt], where j = 1, . . . ,m. Just before (t, 1), the

speculator privately observes dvt; this has variance Var(dvt) = σ2
vdt. Then, in trading

round (t, j) the speculator submits a market order dxt,j, and the noise traders submit an

aggregate market order dut,j. The noise trader variance over the whole interval [t, t+dt]

is σ2
udt, hence the noise trader variance corresponding to the j-th trading interval in

[t, t+ dt] is σ2
u

m
dt. To simplify notation, we denote by

σ̃2
u =

σ2
u

m
. (C.1)

In trading round (t, j), the dealer only observes the aggregate order flow:

dyt,j = dxt,j + dut,j, (C.2)

and sets the price pt,j at which trading takes place. Furthermore, the dealer publicly

receives the news dzt = dvt + det immediately after she observes the order flow dyt,` at

j = `; the news error has variance Var(det) = σ2
edt. Figure C.1 describes the timing of

events in the interval [t, t+ dt] in the fast model.

As usual, an equilibrium is defined as a trading strategy of the speculator, and a

pricing policy of the dealer, such that (i) the speculator’s trading strategy maximizes

his expected trading profit, given the dealer’s pricing policy; and (ii) the dealer’s pric-

ing policy is consistent with the equilibrium speculator’s trading strategy. A linear

equilibrium is defined as one in which the speculator’s trading strategy is of the form:

dxt,j = βt,j(vt − pt)dt+ γt,j
(
dvt − dwt,j

)
, j = 1, . . . ,m, (C.3)

where dwt,j is the dealer’s expectation of dvt given her information until time (t, j).4

4With the same type of argument as in Appendix A, we rely on the intuition coming from a discrete
version of the model to justify this trading strategy. Namely, we can prove that in a discrete-time linear
equilibrium, the optimal strategy must be a discrete version of (C.3).
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Throughout the Appendix, we use the following notations:

a =
σ2
u

σ2
v

= m
σ̃2
u

σ2
v

= mã, b =
σ2
e

σ2
v

, c =
Σ0

σ2
v

, (C.4)

C.2 Generalization of the Fast Model: m ≥ 1, ` ∈ [1,m)

In the generalized fast model, the delay parameter is ` ≥ 1. (See Figure C.1.) Thus,

the speculator has at least one trading round to take advantage of his information dvt,

before the dealer learns dvt.

In Theorem C.1, we prove two main results. First, we show that the optimal strategy

of the speculator has a news trading component only during the first ` trading rounds—

before the news is revealed; after that, the news trading intensity γj = 0 for j =

`+ 1, . . . ,m. Second, we prove that a linear equilibrium of the model exists, if a certain

system of non-linear equations has a solution.

Theorem C.1. Consider the model in which the speculator observes the value in-

crements every m ≥ 1 trading periods, and the dealer receives the news with a lag

` = 1, . . . ,m − 1. Then, the speculator’s optimal strategy must have γj = 0 for

j = `+ 1, . . . ,m.

Furthermore, consider the equations (C.64)–(C.69), which are a (4`+ 2)× (4`+ 2)-

system in the variables γj, ρj, λj, φj, µ, λ̃, j = 1, . . . , `. Then, if this system admits a

positive solution, there exists a linear equilibrium of the model.

To describe the resulting equilibrium, for each t ∈ [0, 1), extend the above solution to

j = `+ 1, . . . ,m as follows: γj = 0, ρj = 0, λj = λ̃, φj = λ̃ã. Now, for j = 1, . . . ,m let

Bj =
φj
c

, and let βj be the function of Bi, γi, ρi described by equation (C.21). Then, the

speculator’s optimal strategy is given by

dxt,j =


βj

1−t(vt − pt)dt+ γj
(
dvt − dwt,j

)
if j = 1, . . . , `,

βj
1−t(vt − pt)dt if j = `+ 1, . . . ,m;

(C.5)
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and the dealer’s pricing policy is given by

pt,j = pt,j−1 + λjdyt,j, j = 1, . . . , `,

pt,`+1 = pt,` + µ
(
dzt − dw+

t,`

)
+ λ`+1dyt,`+1,

pt,j = pt,j−1 + λjdyt,j, j = `+ 2, . . . ,m,

(C.6)

where the quantities dw+
t,` and dwt,j (j = 1, . . . ,m) are set according to the rule:

dwt,1 = 0,

dwt,j+1 = dwt,j + ρjdyt,j, j = 1, . . . , `− 1,

dw+
t,` = dwt,` + ρ`dyt,`,

dwt,`+1 = dw+
t,` + µ

(
dzt − dw+

t,`

)
,

dwt,j+1 = dwt,j, j = `+ 1, . . . ,m− 1.

(C.7)

Thus, to obtain an equilibrium of the generalized fast model, Theorem C.1 shows

that it is sufficient to solve a (4` + 2)-dimensional system of non-linear equations. We

have not been able to find an analytical proof for the existence of a solution to this

system. Numerically, however, the Newton method readily produces solutions for all

the parameter values we have checked. Figure C.2 displays the solution corresponding

to the parameter values σv = 1, σu = 1, Σ0 = 1, and compares the case when σe = 0.5

(the news precision ν = 1
σe

= 2 is high) to the case when σe = 2 (the news precision

ν = 0.5 is low).

C.3 Proof of Theorem C.1

We divide the proof into two parts. The first part (Section C.3.1) takes the dealer’s

pricing policy in (C.6) and (C.7) as given, and shows that the speculator’s strategy

in (C.5) is optimal. The second part (Section C.3.2) takes the speculator’s strategy as

given, and shows that the dealer’s pricing policy in (C.6) and (C.7) satisfies the zero
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Figure C.2: Effect of News Precision in the General Case. We plot equilibrium

values of various variables of interest in a given interval [t, t+dt] in each trading round for two different

stocks, “H” (graphics on the left) and “L” (graphics on the right). The news frequency is m = 4

for each stock. However, ν = 1
σe

= 2 for stock H while ν = 1
σe

= 0.5 for stock L. For each stock,

we show equilibrium values of λt,j , βt,j , γt,j , and SPRt,j =
Var(dxt,j)

Var(dxt,j)+V ar(dut,j)
in each trading round

j ∈ {1, 2, 3, 4} when ` = 2 (left dark bars) and ` = 0 (right light bars). The horizontal dotted lines

correspond to the average value of the relevant variable over the 4 trading rounds when the speculator

is fast (e.g., λ̄ = (
∑j=4
j=1 λt,j)/4) in the fast model. The other parameter values are σv = 1, σu = 1,

σe = 1, and Σ0 = 1.
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profit conditions.

C.3.1 Speculator’s Optimal Strategy (β, γ)

In this section, we assume that the dealer’s pricing policy in (C.6) and (C.7) is fixed.

Since we are interested only in the existence of an equilibrium, we consider pricing

functions with constant coefficients: λj > 0 (j = 1, . . . ,m), ρj > 0 (j = 1, . . . , `), and

µ > 0. For future use, note that equation (C.7) implies

dw+
t,` =

∑̀
j=1

ρjdyt,j. (C.8)

Moreover, we substitute (C.8) in the price equations (C.6), to obtain:

dpt = pt,m − pt,0 =
∑̀
j=1

(λj − µρj)dyt,j +
m∑

j=`+1

λjdyt,j + µdzt. (C.9)

By the definition of a linear equilibrium, we assume that the speculator chooses for

an optimal strategy of the form:

dxt,j = βt,j(vt − pt)dt+ γt,j
(
dvt − dwt,j

)
, j = 1, . . . ,m. (C.10)

Then, we show that γt,j = 0 for all t and for j = `+ 1, . . . ,m. To simplify notation, we

omit the dependence on time. Moreover, denote by

τ = (vt − pt)dt. (C.11)

We now show that (C.3) can be decomposed into orthogonal components:

dxj = Bjτ +Gjdv +

j−1∑
i=1

Aijdui + Ejde, j = 1, . . . ,m. (C.12)

To compute Bj, Gj, A
i
j, Ej, we derive recursive equations for dxj. For this purpose, we
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rewrite the recursive equations (C.7) by eliminating dw+
` :

dw1 = 0,

dwj+1 = dwj + ρjdyj, j = 1, . . . , `− 1,

dw`+1 = (1− µ)
(
dw` + ρ`dy`

)
+ µdz,

dwj+1 = dwj, j = `+ 1, . . . ,m− 1.

(C.13)

Then, if we denote γ̃`+1 = γ`+1(1 − µ), equations (C.3) and (C.13) imply the following

recursive equations for dxj:

dx1 = β1τ + γ1dv,

dxj+1 =
γj+1

γj
(1− ρjγj)dxj +

(
βj+1 −

γj+1

γj
βj

)
τ − γj+1ρjduj, j = 1, . . . , `− 1,

dx`+1 =
γ̃`+1

γ`
(1− ρ`γ`)dx` +

(
β`+1 −

γ̃`+1

γ`
β`

)
τ − γ̃`+1ρ`du` − γ`+1µde,

dxj+1 =
γj+1

γj
dxj +

(
βj+1 −

γj+1

γj
βj

)
τ, j = `+ 1, . . . ,m− 1.

(C.14)

By putting together equations (C.12) and (C.14), we obtain recursive equations for

Bj, Gj, A
i
j, Ej. The equations for Bj are:

B1 = β1,

Bj+1 =
γj+1

γj
(1− ρjγj)Bj +

(
βj+1 −

γj+1

γj
βj

)
, j = 1, . . . , `− 1,

B`+1 =
γ`+1(1− µ)

γ`
(1− ρ`γ`)B` +

(
β`+1 −

γ`+1(1− µ)

γ`
β`

)
,

Bj+1 =
γj+1

γj
Bj +

(
βj+1 −

γj+1

γj
βj

)
, j = `+ 1, . . . ,m− 1.

(C.15)
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The equations for Gj are:

G1 = γ1,

Gj+1 =
γj+1

γj
(1− ρjγj)Gj, j = 1, . . . , `− 1,

G`+1 =
γ`+1(1− µ)

γ`
(1− ρ`γ`)G`,

Gj+1 =
γj+1

γj
Gj, j = `+ 1, . . . ,m− 1.

(C.16)

The equations for Aij are:

Ajj+1 = −ρjγj+1, Aij+1 =
γj+1

γj
(1− ρjγj) Aij, i < j = 1, . . . , `− 1,

A``+1 = −ρ`γ`+1(1− µ), Ai`+1 =
γ`+1(1− µ)

γ`
(1− ρ`γ`) Ai`, i < `,

Ajj+1 = 0, Aij+1 =
γj+1

γj
Aij, i < j = `+ 1, . . . ,m− 1.

(C.17)

The equations for Ej are:

E1 = 0,

Ej+1 =
γj+1

γj
(1− ρjγj) Ej, j = 1, . . . , `− 1,

E`+1 =
γ`+1(1− µ)

γ`
(1− ρ`γ`) E` − γ`+1µ,

Ej+1 =
γj+1

γj
Ej, j = `+ 1, . . . ,m− 1.

(C.18)

To obtain explicit formulas for G and A, denote by

Ci
j =


∏j

k=i(1− ρkγk) if i ≤ j = 1, . . . ,m,

1 if i > j.
(C.19)
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Then B, G, A, E satisfy the following equations:

Bj =

 βj +
∑j−1

i=1 A
i
jβi if j = 1, . . . , `,

βj +
∑`

i=1 A
i
jβi if j = `+ 1, . . . ,m.

Gj =

 γjC
1
j−1 if j = 1, . . . , `,

(1− µ)γjC
1
` if j = `+ 1, . . . ,m.

Aij =

 −ρiγjCi+1
j−1 if i < j = 1, . . . , `,

−(1− µ)ρiγjC
i+1
` if i < j = `+ 1, . . . ,m.

Ej =

 0 if j = 1, . . . , `,

−µγj if j = `+ 1, . . . ,m.

(C.20)

We can also express βj as a function of Bj:

βj =

 Bj + γj
∑j−1

i=1 ρiBi if j = 1, . . . , `,

Bj if j = `+ 1, . . . ,m.
(C.21)

Denote by

λ̃j =

 λj − µρj, if j = 1, . . . , `,

λj if j = `+ 1, . . . ,m.
(C.22)

We now make explicit again the dependence on time. Denote by

Dpt,j = pt,j − pt,0, j = 1, . . . ,m. (C.23)

Then, equation (C.6) implies:

Dpt,j =

j∑
i=1

λidyt,i, j = 1, . . . , `,

Dpt,j =

j∑
i=1

λ̃idyt,i + µdzt, j = `+ 1, . . . ,m.

(C.24)
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Using equation (C.12): dxt,j = Bt,j(vt − pt)dt + Gt,jdvt +
∑j−1

i=1 A
i
t,jdut,i + Et,jdet, we

compute

Dpt,k = Xt,k(vt − pt)dt + Yt,k dvt +
k∑
i=1

Zi
t,k dut,i + Wt,k det, (C.25)

where for k = 1, . . . , `, and i = 1, . . . , k,

Xt,k =
k∑
j=1

λjBt,j, Yt,k =
k∑
j=1

λjGt,j, Wt,k =
k∑
j=1

λjEt,j,

Zi
t,k = λi +

k∑
j=i+1

λjA
i
t,j;

(C.26)

and for k = `+ 1, . . . ,m, and i = 1, . . . , k,

Xt,k =
k∑
j=1

λ̃jBt,j, Yt,k = µt +
k∑
j=1

λ̃jGt,j, Wt,k = µt +
k∑
j=1

λ̃jEt,j,

Zi
t,k = λ̃i +

k∑
j=i+1

λ̃jA
i
t,j.

(C.27)

In particular, Dpt,m = pt,m − pt,0 = pt+dt − pt = dpt, therefore

dpt = Xt,m(vt − pt)dt+ Yt,m dvt +
m∑
i=1

Zi
t,m dut,i +Wt,m det. (C.28)

For τ ≥ t, denote by

Vt,τ = Et
(
(vτ − pτ )2

)
, (C.29)

where the expectation is conditional on the speculator’s information set at t. Then, Vt,τ
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evolves according to:

Vt,τ+ dτ = Et
(

(vτ+ dτ − pτ+ dτ )
2
)

= Vt,τ + 2Et
(

(vτ − pτ )(dvτ − dpτ )
)

+ Et
(

(dvτ − dpτ )
2
)

= Vt,τ − 2Xτ,mVt,τ dτ + (1− Yτ,m)2σ2
v dτ +

m∑
j=1

(Zj
τ,m)2σ̃2

u dτ +W 2
τ,mσ

2
e dτ.

(C.30)

Since Xτ,m =
∑m

j=1 λ̃jBτ,j, Vt,τ satisfies the first-order linear ODE:

dVt,τ
dτ

= −2

(
m∑
j=1

λ̃jBτ,j

)
Vt,τ + (1− Yτ,m)2σ2

v +
m∑
j=1

(Zj
τ,m)2σ̃2

u +W 2
τ,mσ

2
e . (C.31)

For t ∈ [0, 1), we compute the speculator’s expected profit:

πt = Et

(∫ 1

t

m∑
j=1

(v1 − pτ,j)dxτ,j

)
= Et

(∫ 1

t

m∑
j=1

(
vτ + dvτ − pτ −Dpτ,j

)
dxτ,j

)
,

(C.32)

where the second equality follows from the law of iterated expectations. From (C.12)

and (C.25), we get

πt =

∫ 1

t

m∑
j=1

[
Bτ,jVt,τ +Gτ,j(1− Yτ,j)σ2

v −
j−1∑
i=1

Aiτ,jZ
i
τ,jσ̃

2
u − Eτ,jWτ,jσ

2
e

]
dτ. (C.33)

Note that the profit integrand at τ depends only on the sum
∑m

j=1 Bτ,j, while Vt,τ

evolves by the sum
∑m

j=1 λ̃jBτ,j. Then, by the usual argument, the existence of a

maximum implies that for all τ ∈ [t, 1), λ̃j does not depend on j. To see that, note that

the condition λ̃j > λ̃k for some j 6= k is incompatible with equilibrium. Indeed, the

speculator could then decrease Bτ,j by ε > 0 and increase Bτ,k by ελ̃j/λ̃k. This would

not affect the evolution of Vt,τ , as the sum λ̃jBτ,j+ λ̃kBτ,k is the same, but it increses the

sum Bτ,j + Bτ,k by ε(λ̃j/λ̃k − 1) > 0, hence it increases the expected profit. Therefore,
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for all j = 1, . . . ,m, we have

λ̃τ,j = constant = λ̃. (C.34)

Next, consider the variance of the forecast error,

Σt = E0

(
(vt − pt)2

)
= V0,τ . (C.35)

Since λ̃ is constant, equation (C.31) implies that Σt satisfies the following ODE:

dΣt

dt
= −2λ̃

( m∑
j=1

Bt,j

)
Σt + (1− Yt,m)2σ2

v +
m∑
j=1

(Zj
t,m)2σ̃2

u +W 2
t,mσ

2
e . (C.36)

Using (C.33), the speculator’s expected profit at t = 0 becomes

π0 =

∫ 1

0

[( m∑
j=1

Bt,j

)
Σt+

m∑
j=1

(
Gt,j(1−Yt,j)σ2

v−
j−1∑
i=1

Ait,jZ
i
t,jσ̃

2
u−Et,jWt,jσ

2
e

)]
dt. (C.37)

From (C.36),

( m∑
j=1

Bt,j

)
Σt =

(1− Yt,m)2σ2
v +

∑m
j=1(Zj

t,m)2σ̃2
u +W 2

t,mσ
2
e

2λ̃
− Σ′t

2λ̃
. (C.38)

Then, we substitute
(∑m

j=1 Bt,j

)
Σt in (C.37), and integrate by parts. We get:

π0 =
Σ0

2λ̃
− Σ1

2λ̃
+

1

2λ̃

∫ 1

0

(
(1− Yt,m)2σ2

v +
m∑
j=1

(Zj
t,m)2σ̃2

u +W 2
t,mσ

2
e

)
dt

+
m∑
j=1

∫ 1

0

(
Gt,j(1− Yt,j)σ2

v −
j−1∑
i=1

Ait,jZ
i
t,jσ̃

2
u − Et,jWt,jσ

2
e

)
dt.

(C.39)

Since Σt = V0,t > 0 can be chosen arbitrarily by the speculator, we obtain the following

27



condition for a maximum (the transversality condition):

Σ1 = 0. (C.40)

We now use equation (C.39) to compute the speculator’s first order condition with

respect to the other choice variables: γt,j for j = `+ 1, . . . ,m. From (C.20), we see that

for j > ` the integrand of (C.39) is a quadratic function of γt,j. Denote by 1P to be

either 1 if P is true, or 0 otherwise. From (C.20) and (C.27) we derive the following

formulas, for j, k ≥ `+ 1:

∂Gt,j

∂γt,k
= 1j=k(1− µ)C1

t,L,
∂Ait,j
∂γt,k

= −1j=k(1− µ)ρiC
i+1
t,L ,

∂Et,j
∂γt,k

= −1j=kµ,

∂Yt,j
∂γt,k

= 1j≥kλ̃(1− µ)C1
t,L,

∂Zi
t,j

∂γt,k
= −1i+1≥k≥jλ̃(1− µ)ρiC

i+1
t,L ,

∂Wt,j

∂γt,k
= −1j≥kλ̃µ,

(C.41)

Using (C.41), we compute

∂π0

∂γt,k
= −λ̃

(
(1− µ)2(C1

t,L)2σ2
v + (1− µ)2

k−1∑
i=1

ρ2
i (C

i+1
t,L )2σ̃2

u + µ2σ2
e

)
γt,k, k = `+1, . . . ,m.

(C.42)

Since the term in parentheses does not depend on γk, the first order condition implies

γt,k = 0; moreover, the second order condition for a maximum is also satisfied. Therefore,

the speculator optimally chooses for all t:

γt,`+1 = · · · = γt,m = 0. (C.43)

We have now finished the proof of the first part of the Theorem.

But (C.43) implies that the formulas in (C.20) simplify for j > `:

Gt,j = Ait,j = Et,j = 0 if j = `+ 1, . . . ,m. (C.44)
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Equation (C.39) becomes (after imposing the transversality condition Σ1 = 0):

π0 =
Σ0

2λ̃
+

1

2λ̃

∫ 1

0

(
(1− Yt,m)2σ2

v +
m∑
j=1

(Zj
t,m)2σ̃2

u + µ2σ2
e

)
dt

+
∑̀
j=1

∫ 1

0

(
Gt,j(1− Yt,j)σ2

v −
j−1∑
i=1

Ait,jZ
i
t,jσ̃

2
u

)
dt.

(C.45)

Using equations (C.26) and (C.27), we compute the following equality up to a constant

C0:5

π0 =
1

2λ̃

∫ 1

0

[(
1− µ− λ̃

∑̀
j=1

Gt,j

)2

σ2
v +

`−1∑
j=1

λ̃2

(
1 +

∑̀
k=j+1

(
Ajt,k

))2

σ̃2
u

]
dt

+
∑̀
j=1

∫ 1

0

[
Gt,j

(
1−

j∑
i=1

λiGt,i

)
σ2
v −

j−1∑
i=1

Ait,j

(
λi +

j∑
k=i+1

λkA
i
t,k

)
σ̃2
u

]
dt + C0.

(C.46)

This allows us to compute the first order conditions with respect to γt,j, j = 1, . . . , `.

Since the formulas are too complicated to be written explicitly, we simply summarize

the first order conditions by writing ∂π0
∂γj

= 0, (j = 1, . . . , `), which are equations (C.65).

C.3.2 Dealer’s Pricing Functions (λ, ρ, µ)

In this section, we assume that the speculator’s trading strategy is given by (C.5):

dxt,j =


βj

1−t(vt − pt)dt+ γj
(
dvt − dwt,j

)
if j = 1, . . . , `,

βj
1−t(vt − pt)dt if j = `+ 1, . . . ,m;

(C.47)

Since we are interested only in the existence of an equilibrium, we consider only strategies

with constant coefficients: βj > 0 (j = 1, . . . ,m), and γj > 0 (j = 1, . . . , `).

Equation (C.12): dxt,j = Bt,j(vt − pt)dt + Gt,jdvt +
∑j−1

i=1 A
i
t,jdut,i implies that, for

5The constant is C0 = 1
2λ̃

(
Σ0 + µ2σ2

e +
∑j=m
j=` λ̃

2σ̃2
u

)
.
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j = 1, . . . , `,

ρt,j =
Cov(dvt, dyt,j)

Var(dyt,j)
=

Gt,j

G2
t,j +

(
1 +

∑j−1
i=1

(
Ait,j
)2
)
ã

λt,j =
Covt(v1, dyt,j)

Vart(dyt,j)
=

φt,j +Gt,j

G2
t,j +

(
1 +

∑j−1
i=1

(
Ait,j
)2
)
ã

(C.48)

where

φt,j =
Bt,jΣt

σ2
v

, j = 1, . . . ,m. (C.49)

For j = `+ 1, . . . ,m,

λ̃ = λt,j =
Covt(v1, dyt,j)

Vart(dyt,j)
=

Bt,jΣt

σ̃2
u

, (C.50)

which implies

φt,j = λ̃ ã, j = `+ 1, . . . ,m. (C.51)

We search for an equilibrium in which λt,j, ρt,j, µt, and φt,j are all time-independent.

Hence, the speculator’s expected profit at t = 0 given by (C.46) has time-independent

coefficients, and therefore the optimum γt,j should also be time-independent. Thus, in

the rest of this Appendix we ignore the time dependence for all variables, except for Bt,j

and Σt (although their product is constant).

Define

d̃zt = dzt − dw+
t,` = dzt −

∑̀
j=1

ρjdyt,j, (C.52)

where the second equality follows from (C.8). Equation (C.12) implies that

d̃zt = −
(∑̀
j=1

ρjBt,j

)
(pt−vt)dt+

(
1−
∑̀
j=1

ρjGj

)
dvt−

∑̀
j=1

(
ρj+

∑̀
k=j+1

(
ρkA

j
k

))
dut,j+det.

(C.53)
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Then,

µ =
Covt(v1, d̃zt)

Vart(d̃zt)
=

−
∑`

j=1 ρjBjΣ +
(

1−
∑`

j=1 ρjGj

)
σ2
v(

1−
∑`

j=1 ρjGj

)2

σ2
v +

∑`
j=1

(
ρj +

∑`
k=j+1

(
ρkA

j
k

))2

σ̃2
u + σ2

e

.

(C.54)

In general, 1−
∑`

j=1 ρjGj = 1−
∑`

j=1 ρjγjC
1
j−1 = 1−

∑`
j=1(C1

j−1−C1
j ) = 1− (1−C1

` ) =

C1
` . Similarly, ρj +

∑`
k=j+1

(
ρkA

j
k

)
= ρj

(
1 −

∑`
k=j+1 ρkγkC

j+1
k−1

)
= ρjC

j+1
` . If we denote

C`+1
` = 1, we get:

µ =
−
∑`

j=1 ρj(Bt,jΣt) +
(
C1
`

)
σ2
v(

C1
`

)2
σ2
v +

∑`
j=1

(
ρjC

j+1
`

)2
σ̃2
u + σ2

e

=
−
∑`

j=1 ρjφj +
(
C1
`

)(
C1
`

)2
+ ã

∑`
j=1

(
ρjC

j+1
`

)2
+ b

, (C.55)

C.3.3 Equilibrium Formulas

We now put together the equations derived in Sections C.3.1 and C.3.2, to derive the

equations satisfied by the equilibrium coefficients. This is a system of equations in

the variables γj, ρj, λj, φj, µ, λ̃, for j = 1, . . . , `. These are the coefficients used in the

speculator’s optimal strategy, and the dealer’s pricing functions. The dealer’s pricing

functions are given by the formulas:

dwt,j =

j−1∑
i=1

ρidyt,i, j = 1, . . . , `, dw+
t,` =

∑̀
i=1

ρidyt,i, (C.56)

and (j = 1, . . . ,m):

pt,j − pt,j−1 = λjdyt,j, j 6= `+ 1,

pt,`+1 − pt,` = λ`+1dyt,`+1 + µdzt, j = `+ 1.

(C.57)

To describe the speculator’s optimal strategy at (t, j), note that in equilibrium the

coefficient Ej on de is zero for all j = 1, . . . ,m. Then, equations (C.5) and (C.12)
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become (j = 1, . . . ,m):

dxt,j =
βj

1− t
(vt − pt) dt+ γj(dvt − dwt,j),

=
Bj

1− t
(vt − pt) dt+Gj dvt +

j−1∑
i=1

Aij dui,t,

(C.58)

where γj = 0 and Aij = 0 for i < j = ` + 1, . . . ,m. From (C.39), the equilibrium

expected profit at t = 0 is

π0 =
Σ0

2λ̃
+

1

2λ̃

∫ 1

0

(
(1− Ym)2σ2

v +
m∑
j=1

(Zj
m)2σ̃2

u + µ2σ2
e

)
dt

+
∑̀
j=1

∫ 1

0

(
Gj(1− Yj)σ2

v −
j−1∑
i=1

AijZ
i
jσ̃

2
u

)
dt,

(C.59)

where, as in equations (C.26) and (C.27),

Yk =
k∑
j=1

λjGj, Zi
k = λi +

k∑
j=i+1

λjA
i
j, k = 1, . . . , `, i = 1, . . . , k

Ym = µ+ λ̃
∑̀
j=1

Gj, Zi
m = λ̃

(
1 +

∑̀
j=i+1

Aij

)
.

(C.60)

We now derive the formulas for the equilibrium coefficients. Using equations (C.19)

and (C.20), we derive the following formulas

ρj =
γj

ã+ γ2
1 + · · ·+ γ2

j

,

Ci
j =

j∏
k=i

(1− ρkγk) =
ã+ γ2

1 + · · ·+ γ2
i−1

ã+ γ2
1 + · · ·+ γ2

j

,

Gj = γjC
1
j−1 =

ãγj
ã+ γ2

1 + · · ·+ γ2
j−1

=
ãρj

1− ρjγj
,

Aij = −ρiγjCi+1
j−1 = − γiγj

ã+ γ2
1 + · · ·+ γ2

j−1

= −γi
ã
Gj.

(C.61)

Rewrite equation (C.36): Σ′t = −2λ̃
∑m

j=1(Bt,jΣt) + (1−Ym)2σ2
v +
∑m

j=1(Zj
m)2σ̃2

u +µ2σ2
e .
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Using (C.49) and (C.51), we compute:

Σ′t
σ2
v

= −2λ̃
∑̀
j=1

φj − 2λ̃(m− `)λ̃ã+ (1− Ym)2 +
m∑
j=1

(Zj
m)2ã+ µ2b. (C.62)

This implies that Σ′t is a constant. Then, the transversality condition (C.40) implies

Σ′t = −Σ0, which after division by σ2
v implies:

Σ′t
σ2
v

= −c. (C.63)

We finally obtain

−c = −2λ̃
∑̀
j=1

φj − (m− `− 1)λ̃2ã+ (1− Ym)2 +
`−1∑
j=1

(Zj
m)2ã+ µ2b. (C.64)

As explained at the end of Section C.3.1, the first order conditions for the speculator’s

optimization problem with respect to γ are too complicated to be written explicitly,

therefore we simply summarize them by:

∂π0

∂γj
= 0, j = 1, . . . , `. (C.65)

Equation (C.22) implies that

λj = λ̃+ µρj, j = 1, . . . , `. (C.66)

Equation (C.48) implies the following formulas for φj:

φj =
Gj(λj − ρj)

ρj
, j = 1, . . . , `. (C.67)
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The equation for µ is

µ =
−
∑`

j=1 ρjφj +
(
C1
`

)(
C1
`

)2
+ ã

∑`
j=1

(
ρjC

j+1
`

)2
+ b

. (C.68)

The equation for ρj is

ρj =
γj

ã+ γ2
1 + · · ·+ γ2

j

, j = 1, . . . , `. (C.69)

Equations (C.64)–(C.69) provide 4`+2 equations with 4`+2 unknowns: γj, ρj, λj, φj, µ, λ̃.

C.4 Generalization of the Slow Model: m ≥ 1, ` = 0

Because ` = 0 in this section, most of the equations in the previous section become

trivial. In particular, according to the analysis in the previous section, γj = 0 for

j = 1, . . . ,m. Extra care, however, is required in obtaining the equivalent equations

for (C.55) and (C.64).

To obtain the equivalent for (C.55), we note that, unlike the case when ` > 0,

the news dzt = dvt + det is not predictable from the previous order flow. Therefore,

d̃zt = dzt, and equation (C.54) becomes

µ =
Covt(v1, d̃zt)

Vart(d̃zt)
=

σ2
v

σ2
v + σ2

e

=
1

1 + b
. (C.70)

To obtain the equivalent for (C.62), we compute first Ym and Zj
m, as in (C.60):

Ym = µ, Zj
m = λ̃, j = 1, . . . ,m. (C.71)

Equation (C.62) becomes

−c = −mλ̃2ã+ (1− µ)2 + µ2b. (C.72)
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Since a = mã, and (1− µ)2 + µ2b = b
1+b

= (1− µ), we obtain:

λ̃2 =
c+ (1− µ)

a
=

Σ0 + σ2
vσ

2
e

σ2
v+σ2

e

σ2
u

. (C.73)

The price impact coefficient is the same in all periods: λj = λ̃ for all j = 1, . . . ,m.

Moreover, from (C.50) we obtain βt,j = Bt,j = λ̃σ̃2
u

Σt
= λ̃σ̃2

u

Σ0(1−t) = λ̃ã
c(1−t) . We obtain the

following equations

µ =
1

1 + b
=

σ2
v

σ2
v + σ2

e

, (C.74)

λj =

(
c+ (1− µ)

a

)1/2

=
Σ

1/2
0

σu

(
1 +

σ2
vσ

2
e

Σ0(σ2
v + σ2

e)

)1/2

, (C.75)

βt,j =
1

m

1

1− t
a

c

(
c+ (1− µ)

a

)1/2

=
1

m

1

1− t
σu

Σ
1/2
0

(
1 +

σ2
vσ

2
e

Σ0(σ2
v + σ2

e)

)1/2

.(C.76)

Note that these are the same equations as in the slow model in the main paper (m = 1),

except that βt,j is now 1
m

of the βt in the main paper. This is to be expected, because

when the speculator has m trading periods in the interval [t, t+dt], he divides his trades

equally so that on aggregate he trades in the same way.

C.5 News Trading Aggressiveness

We define the speculator’s news trading aggressiveness to be the covariance of the spec-

ulator’s aggregate order flow with the news:

AGG t = Cov

(
m∑
j=1

dxt,j , dzt

)
. (C.77)

Intuitively, the larger this aggressiveness measure, the bigger the weight by which the

speculator trades on the news. Using equation (C.58): dxt,j =
Bj

1−t(vt− pt) dt+Gj dvt +
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Figure C.3: Effect of Lag ` on the Speculator’s News Trading Aggressiveness.
We plot the speculator’s news trading aggressiveness, AGG , against the lag parameter `. The news

frequency parameter is m = 7, while the lag parameter varies from ` = 0 to ` = 7. The other parameter

values are σv = 1, σu = 1, and Σ0 = 1.
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i=1 A

i
j dui,t, it follows that AGG t is constant, and is equal to

AGG =
m∑
j=1

Gjσ
2
v . (C.78)

We now let the parameter ` vary, holding the news frequency parameter m constant.

The results are plotted in Figure C.3 in the case m = 7. We see that the news trading

aggressiveness is a concave function of the lag `.
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D Generalized Information Structure

D.1 Model

In this section, we extend our baseline model to a more general information structure.

Specifically, we relax two assumptions. First, we relax the assumption that the specula-

tor observes perfectly dvt and allow for a noise in the speculator’s signal on dvt. Second,

in addition to the signal on dvt, we allow the speculator to receive another, possibly

noisy signal about the incoming news dzt. Formally, at t = 0 the speculator observes v0

and, at each subsequent time t, he receives two signals

ds1,t = dvt + dε1,t, with dε1,t = σ1dBε
1,t, (D.1)

ds2,t = dzt + dε2,t, with dε2,t = σ2dBε
2,t, (D.2)

where Bε
1,t and Bε

2,t are Brownian motions independent from all other variables and from

each other. We do not make any assumption about the relative size of σe and σ1, that

is, the speculator’s signal about the innovation in the fundamental may be more or less

informative than the public news. Note that this extension nests our baseline model as

the limit case when σ1 = 0 and σ2 →∞.

Compared to the baseline model, the speculator no longer knows vt perfectly. In-

stead, the speculator’s expectation of the asset value at t just before trading at t is:

wt = E
(
v1 | Jt

)
, (D.3)

where Jt = {v0}∪{s1,τ}τ≤t∪{s2,τ}τ≤t∪{pτ}τ≤t∪{zτ}τ≤t∪{ds1,t}∪{ds2,t}. Note that,

as in the baseline model, the speculator’s information set Jt, when he chooses his order

dxt, includes his signals, prices, and news up to date t, as well as his signals ds1,t and

ds2,t.

An important difference between the current setup and the baseline model is that
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the speculator no longer knows vt perfectly. Instead, he forms a forecast wt that evolves

according to the following rules. Initially, w0 = v0, as the speculator starts with a

perfect signal about v0. Subsequently, if t ∈ [0, 1), in each interval [t, t+ dt] there is the

folowing sequence of events:

• The speculator receives signals dst,1 and dst,2, and submits a market order for dxt;

• The total order flow dyt = dxt + dut executes at the price pt+dt = qt + λtdyt;

• The speculator observes (or infers) the dealer’s news dzt.

Thus, at the end of [t, t + dt], the speculator updates his forecast by using not just his

signals dst,1 and dst,2, but also the news dzt. Since dst,2 = dzt + dεt,2 is an imperfect

signal of the news, the speculator’s forecast wt evolves according to:

dwt = E
(
dvt | ds1,t ∪ ds2,t ∪ dzt

)
= ω1ds1,t + ωedzt, (D.4)

where

ω1 =
σ−2

1

σ−2
1 + σ−2

e + σ−2
v

, ωe =
σ−2
e

σ−2
1 + σ−2

e + σ−2
v

. (D.5)

By analogy with the baseline model, we define a linear equilibrium one in which the

speculator’s strategy is of the form:

dxt = βt(wt − qt)dt+ γ1,tds1,t + γ2,tds2,t. (D.6)

As in the baseline model, the drift component of the strategy (βt(wt−qt)dt) is called the

value trading component, while the volatility component (γ1,tds1,t + γ2,tds2,t) is called

the news trading component. We rewrite the news trading component by replacing the

two signals ds1,t and ds2,t into the expectation of the news given the signals and its
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orthogonal component:

d̂zt = E
(

dzt

∣∣∣ ds1,t ∪ ds2,t

)
= θ1ds1,t + θ2ds2,t,

dz⊥t = ψ1ds1,t + ψ2ds2,t,

(D.7)

where formulas for θ1, θ2, ψ1 and ψ2 are given in equations (D.15) and (D.17) below.6

D.2 Equilibrium

In Theorem D.1, we prove two main results. First, we show that the optimal strategy

of the speculator has a news trading component that only involves d̂zt, the speculator’s

forecast of the news, and not dz⊥t , the part of the signal orthogonal to his news forecast.

Second, we prove that a linear equilibrium of the model exists, if a certain system of

non-linear equations has a solution.

Theorem D.1. Consider the version of the fast model in which the speculator observes

two signals at t ∈ [0, 1): (i) a signal about the value change, ds1,t = dvt + dε1,t, and

(ii) a signal about the incoming news, ds2,t = dzt + dε2,t. As above, denote by d̂zt

the speculator’s expectation of news given his signals, and by dz⊥t a combination of

the signals orthogonal to d̂zt. Without loss of generality, we can write the speculator’s

trading strategy as

dxt = βt(wt − qt)dt+ γtd̂zt + αtdz
⊥
t . (D.8)

Then, the speculator’s optimal strategy must have αt = 0 for all t.

Furthermore, consider equation (D.34) derived in the proof, which is a cubic equation

in g. Then, if this equation admits a solution g ∈ (0, 1), there exists an equilibrium of

6Note that in the baseline fast model d̂zt coincides with dvt. Formally, we have σ1 = 0 (precise

signal about dvt) and σ2 =∞ (no signal about dzt). Then, θ1 = 1 and θ2 = 0, which implies d̂zt = dvt.
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the model, of the form:

dxt = βt(wt − qt)dt+ γd̂zt, (D.9)

pt+dt = qt + λdyt, (D.10)

dqt = λdyt + µ(dzt − ρdyt). (D.11)

where γ, ρ, λ, µ, φ are given by equations (D.33) and (D.32) derived in the proof.

As in the baseline model, the equilibrium reduces to a cubic equation in g ∈ (0, 1),

but here the coefficients are much more complicated. Numerically, the cubic equation

has the same properties as in the baseline model. Indeed, for all the parameter values

we have checked,7 we found that there is a unique solution g ∈ (0, 1).

D.3 Proof of Theorem D.1

First, we give formulas for the coefficients of d̂zt and dz⊥t . We start by computing the

various instantaneous covariances among the signals dst,1, dst,2 and dzt:

σ2
z = σ2

v + σ2
e , σzs1 = σ2

v , σzs2 = σ2
z ,

σ2
s1

= σ2
v + σ2

1, σ2
s2

= σ2
z + σ2

2, σs1s2 = σ2
v .

(D.12)

Denote by A the instantaneous covariance matrix of the signals dst,1 and dst,2:

A =

 σ2
s1

σs1s2

σs1s2 σ2
s2

 . (D.13)

7We normalized σv = 1, and for the other volatilities (σu, σe, σ0 = (Σ0)1/2, σ1, σ2), we chose
random values from the exponential distribution with mean 1.
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Then, we have

d̂zt = θ1ds1,t + θ2ds2,t, with

 θ1

θ2

 = A−1

 σzs1

σzs2

 . (D.14)

We compute:

θ1 =
σ2
vσ

2
2

σ2
vσ

2
e + σ2

vσ
2
1 + σ2

vσ
2
2 + σ2

eσ
2
1 + σ2

1σ
2
2

,

θ2 =
σ2
vσ

2
e + σ2

vσ
2
1 + σ2

eσ
2
1

σ2
vσ

2
e + σ2

vσ
2
1 + σ2

vσ
2
2 + σ2

eσ
2
1 + σ2

1σ
2
2

.

(D.15)

Moreover, we want dz⊥t = ψ1dst,1 + ψ2dst,2 to be orthogonal to d̂zt = θ1ds1,t + θ2ds2,t.

In matrix notation, if we denote matrix transpose by T , this translates to:

1

dt
Cov
(
dz⊥t , d̂zt

)
=
[
ψ1 ψ2

]
A
[
θ1 θ2

]T
=
[
ψ1 ψ2

] [
σzs1 σzs2

]T
= 0. (D.16)

Thus, we can simply take

ψ1 = −1, ψ2 =
σzs1
σzs2

=
σ2
v

σ2
z

=
σ2
v

σ2
v + σ2

e

. (D.17)

For the rest of the Appendix, we make the following notations:

σ2
h =

1

dt
Var(d̂zt), σhv =

1

dt
Cov(d̂zt, dvt), σhz =

1

dt
Cov(d̂zt, dzt),

σ2
o =

1

dt
Var(dz⊥t ), σov =

1

dt
Cov(dz⊥t , dvt), σoz =

1

dt
Cov(dz⊥t , dzt),

σ2
w =

1

dt
Var(dwt), σhw =

1

dt
Cov(dwt, d̂zt), σow =

1

dt
Cov(dwt, dz

⊥
t ),

(D.18)

and so on. For future reference, we compute some of the more important variables.

First, note that d̂zt is the speculator’s expectation of dzt, therefore Cov(d̂zt, dzt) =

Cov(d̂zt, d̂zt) = Var(d̂zt). Similarly, Cov(dz⊥t , dzt) = Cov(dz⊥t , d̂zt) = 0. Also, Cov(dst,i, d̂zt) =
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Cov(dst,i, dzt) for i = 1, 2. We get:

σ2
h = σhz =

1

dt
Cov(θ1dst,1 + θ2dst,2, dzt) = θ1σ

2
v + θ2σ

2
z ,

σhv =
1

dt
Cov(θ1dst,1 + θ2dst,2, dvt) = θ1σ

2
v + θ2σ

2
v ,

σoh = σoz = 0,

σwz =
1

dt
Cov(ω1dst,1 + ωedzt, dzt) = ω1σ

2
v + ωeσ

2
z = σ2

v ,

σhw =
1

dt
Cov(ω1dst,1 + ωedzt, d̂zt) = ω1σ

2
v + ωeσ

2
h,

σ2
w =

1

dt
Var(ω1dst,1 + ωedzt) = ω2

1σ
2
s1

+ 2ω1ωeσ
2
v + ω2

eσ
2
z ,

(D.19)

We now proceed as in the proof of Theorem 2. First, we compute the optimal trading

strategy of the speculator, while taking as given the dealer’s pricing rule.

For t ∈ [0, 1), the speculator’s expected profit is πt = Et
(∫ 1

t
(v1 − pτ+dτ )dxτ

)
, where

the expectation is conditional on the speculator’s information set Jt. We compute:8

πτ = Et

(∫ 1

t

(wτ+dτ − pτ+dτ )dxτ

)
= Et

(∫ 1

t

(
(wτ + dwτ )− (qτ + λdyτ )

)
dxτ

)
= Et

(∫ 1

t

(
wτ − qτ + dwτ − λdxτ

)
dxτ

)
,

(D.20)

where the first equality follows from the law of iterated expectations, and the second

equality follows from dxτ being orthogonal to duτ . Since dxt = βt(wt − qt)dt+ γtd̂zt +

8We are only interested in the existence of an equilibrium, conjectured to have constant coefficients.
Thus, the speculator assumes that the dealer uses a pricing rule with constant coefficients.
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αtdz
⊥
t , we compute:

πt = Et

(∫ 1

t

(
wτ − qτ + dwτ − λτdxτ

)
dxτ

)
=

∫ 1

t

(
βτVt,τ + γτ Cov

(
dwτ − λγτ d̂zτ , d̂zτ

)
+ ατ Cov

(
dwτ − λατdz⊥τ , dz⊥τ

))
=

∫ 1

t

(
βτVt,τ + γτσhw − λγ2

τσ
2
h + ατσow − λα2

τσ
2
o

)
.

(D.21)

where

Vt,τ = Et
(
(wτ − qτ )2

)
, τ ∈ [t, 1). (D.22)

The dealer’s quote qτ evolves according to:

dqτ = µdzτ + Λdyτ , (D.23)

where

Λ = λ− µρ. (D.24)

Then, Vt,τ evolves as follows:

Vt,τ+ dτ = Et
(

(wτ + dwτ − qτ − dqτ )
2
)

= Vt,τ − Et
(

(wτ − qτ )dqτ
)

+ Et
(

(dwτ − dqτ )
2
)

= Vt,τ − 2`βτVt,τdτ + Et
((

dwτ − Λγτ d̂zτ − Λατdz
⊥
τ − Λduτ − µdzτ

)2
)
.

(D.25)

We now use equation (D.19), which implies σoz = σoh = 0. Hence, Vt,τ satisfies the

first-order linear ODE:

dVt,τ
dτ

= −2ΛβtVt,τ + σ2
w + Λ2γ2

τσ
2
h + Λ2α2

τσ
2
o + Λ2σ2

u + µ2σ2
z

− 2Λγτσhw − 2Λατσow − 2µσwz + 2Λγτµσhz.

(D.26)
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Substituting this into (D.21) yields

πt = −
∫ 1

t

dVt,τ
2Λ

+

∫ 1

t

(
γτσhw − λγ2

τσ
2
h + ατσow − λα2

τσ
2
o

+
σ2
w + Λ2γ2

τσ
2
h + Λ2α2

τσ
2
o + Λ2σ2

u + µ2σ2
z

2Λ

− γτσhw − ατσow −
µσwz

Λ
+ γτµσhz

)
dτ.

(D.27)

As usual, since Vt,τ ≥ 0 can be arbitrarily chosen for τ > t, the transversality condition

Vt,1 = 0 must be satisfied.

We now turn to the choice of γτ and ατ . The first order condition with respect to

γτ and and ατ in (D.27) are, respectively,

0 = σhw − 2λγτσ
2
h + Λγτσ

2
h − σhw + µσhz,

0 = σow − 2λατσ
2
o + Λατσ

2
o − σow,

(D.28)

which yields

γτ =
µ

λ+ µρ

σhz
σ2
h

=
µ

λ+ µρ
,

ατ = 0.

(D.29)

since equation (D.19) implies that σhz = σ2
h.

Next, we derive the pricing rule from the dealer’s zero profit conditions as in the

baseline model:

λt =
Covt(v1, dyt)

Vart(dyt)
=

βtΣt + γtσhv
γ2
t σ

2
h + σ2

u

,

ρt =
Covt(dzt, dyt)

Vart(dyt)
=

γtσhz
γ2
t σ

2
h + σ2

u

,

µt =
Covt(v1, dzt − ρtdyt)
Vart(dzt − ρtdyt)

=
−ρtβtΣt + σ2

v − ρtγtσhv
σ2
z + ρ2

t (γ
2
t σ

2
h + σ2

u)− 2ρtγtσhz

=
−ρtβtΣt + σ2

v − ρtγtσhv
σ2
z − σ2

h + (1− ρtγt)2σ2
h + ρ2

tσ
2
u

,

(D.30)
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where the last equality follows from the formula: dzt−ρtdyt = dzt− d̂zt+(1−ρtγt)d̂zt−

ρtdut, which implies 1
dt
Vart(dzt − ρtdyt) = σ2

z − σ2
h + (1− ρtγt)2σ2

h + ρ2
tσ

2
u.

We search for an equilibrium in which βtΣt, γt , λt, ρt, µt are constant. Since Σt

satisfies the same ODE (D.26) as V0,t, the transversality condition implies Σ1 = V0,1 = 0.

Therefore, Σt = (1 − t)Σ0, βt = β0
1−t . Also, we adapt equation (D.26) to Σt, and note

that dΣt

dt
= −Σ0. Since we have previously observed that σwz = σ2

v and σhz = σ2
h, we

get:

−Σ0 = −2Λβ0Σ0 + σ2
w + Λ2σ2

u + µ2σ2
z − 2µ+ Λ2γ2σ2

h − 2Λγσhw + 2Λγµσ2
h, (D.31)

Formulas for the constants involved are given in (D.5), (D.15), and (D.19).

We now use a similar method as in the baseline fast model, and define the following

variables:

a =
σ2
u

σ2
h

, b =
σ2
z − σ2

h

σ2
h

, c =
Σ0

σ2
v

,

Ah =
σ2
h

σ2
v

, Ahv =
σhv
σ2
v

, etc.,

g =
γ2

a
, λ̃ = Ahλγ, ρ̃ = ργ, µ̃ = Ahµ, Λ̃ = AhΛγ, ψ =

β0Σ0

aσ2
v

γ.

(D.32)

Then, a similar computation as for the baseline model produces

λ̃ =
1

2 + b(1 + g)
, ρ̃ =

g

1 + g
, µ̃ =

1 + g

2 + b(1 + g)
,

ψ =
1 + g

2 + b(1 + g)
− Ahvg, Λ̃ =

1− g
2 + b(1 + g)

.

(D.33)

With these notations, equation (D.31) (after dividing by σ2
v) becomes

−c = − 2

Ah

Λ̃ψ

g
+ Aw +

Λ̃2

Ahg
+
Az
A2
h

µ̃2 − 2
1

Ah
µ̃+

Λ̃2

Ah
− 2

Ahw
Ah

Λ̃ +
2

Ah
Λ̃µ̃ (D.34)
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Figure D.1: Effect of Speculator’s Signal Precision on γ, β, λ. The figure compares

the effect of the speculator’s signal precision ν1 = 1
σ1

in fast model with generalized signal structure.

The graphs plot the following variables in the model against the ν1 parameter: (i) the news trading

intensity γ; (ii) the value trading intensity β0; and (iii) the price impact coefficient λ. The other

parameters used in the numerical procedure are σv = σu = σe, Σ0 = 1, and σ2 = +∞.
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As in the baseline model, this is a cubic equation in g ∈ (0, 1), but the coefficients

are more complicated. Numerically, however, there appears to be a unique solution

g ∈ (0, 1), as in the baseline model.

D.4 Some Comparative Statics

We consider the case in which the speculator observes only a noisy signal of dvt. Thus,

we assume that at t (i) the speculator receives a noisy signal about the fundamental

value ds1,t = dvt + dε1,t, i.e., σ1 > 0, and (ii) the speculator’s signal about the news

ds2,t = dvt + dε2,t is uninformative, i.e., σ2 = +∞. (Note that the baseline model

corresponds to σ1 = 0 and σ2 = +∞.)

We first perform some comparative statics with respect to the precision of the specu-

lator’s signal, ν1 = 1
σ1

. Figure D.1 studies the dependence of the news trading intensity

(γ), the value trading intensity (β), and the price impact coefficient (λ) on ν1 = 1
σ1

. We

observe that the speculator’s news trading intensity (γ) decreases and the value trading

intensity increases when his signal is more precise (σ1 is higher). This is a result of the

substitution effect between value trading and news trading. Indeed, when the signal is
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Figure D.2: Effect of News Precision on γ and SPR. The figure compares the effect

of the news precision νe = 1
σe

in fast model with generalized signal structure. The graphs plot four

variables in the model against the news precision parameter: (i) the news trading intensity γ; (ii) the

value trading intensity β0; (iii) the price impact coefficient λ; and (iv) the speculator participation rate
Var(dxt)
Var(dyt)

= g
1+g . The other parameters used in the numerical procedure are σv = σu = σ1 = 1, Σ0 = 1,

and σ2 = +∞.
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more precise, the speculator trades more on his long term signal (value trading), and

therefore trades less on his short term signal (news trading). Furthermore, when the

speculator’s signal is more precise, the dealer is subject to more adverse selection, and

therefore the price impact coefficient λ is higher.

Next, we perform some comparative statics with respect to the news precision pa-

rameter, νe = 1
σe

. Figure D.2 studies the dependence of the news trading intensity (γ)

and the speculator participation rate (SPR) on the news precision parameter νe = 1
σe

.

As expected, the speculator’s news trading intensity (γ) is higher when his signal is

more precise, and so is the speculator participation rate SPR = g
1+g

.
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E Closed-Form Solution When σe = 0

In this section we provide a closed-form solution for the equilibrium coefficients in the

fast model in the special case σe = 0. Note that the proof of Theorem 2 also works when

σe = 0. Then, it is still the case that g is the unique solution in (0, 1) of equation (23).

But when σe = 0, the equation becomes quadratic. One can now check that the unique

solution in (0, 1) of this equation is:

g =

((
1 +

Σ0

σ2
v

)1/2

−
(

Σ0

σ2
v

)1/2
)2

. (E.1)

The formulas for the other coefficients then follow from equations (18)-(22) in Theorem 2:

βFt =
1

1− t
σu

(Σ0 + σ2
v)

1/2

(
1 +

(1− g)σ2
v

2Σ0

)
, (E.2)

γF =
σu

2(Σ0 + σ2
v)

1/2
(1 + g), (E.3)

λF =
(Σ0 + σ2

v)
1/2

σu(1 + g)
, (E.4)

µF =
1 + g

2
, (E.5)

ρF =
σ2
v

2σu(Σ0 + σ2
v)

1/2
. (E.6)
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