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Role of disclosure in continuous Kyle

• Recall that in continuous Kyle model λ = 1
2 (

Σ0

σ2
u
)

1
2 is a measure of

illiquidity, whereas Σ0 is prior uncertainty and σ2
u is variance of

noise trading

• If public disclosure is modeled as an increase in prior precision
(i.e., a decrease in Σ0), then we have the intuitive result that
more precise public disclosure increases liquidity.

• When more precise public disclosure is modeled as an increase in
the precision of an ex-post signal, we can similarly show that
more precise public disclosure increases liquidity

• The intuition comes from information asymmetry decreasing
whether more precise public information increases prior precision
or posterior precision
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Discrete order flow Kyle model

• The continuous order flow Kyle model may become intractable
when adding more ingredients (e.g., add manager learning from
prices, i.e., the feedback effect)

• The essential feature in the Kyle model is that there is
information asymmetry between the informed trader and the
uninformed (i.e., market maker); the uninformed takes that into
account, resulting in price moving (partially) against the
informed trader’s trade (increase when the informed trader wants
to buy and decrease when the informed trader wants to sell)

• Discrete order flow can generate similar features and the bid-ask
spread naturally arises
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Discrete Kyle model setup

• Assume that the terminal payoff of the risky asset, ṽ, is binary,
ṽ ∈ {0, 1} with prior probability Pr(ṽ = 0) = 1

2

• Assume one noisy trader with the order flow ũ ∈ {−1, 0, 1} with
distribution of Pr(ũ = −1) = Pr(ũ = 0) = Pr(ũ = 1) = 1

3

• Assume that the informed trader observes ṽ and can buy or sell
at most one share (e.g., because of cost considerations), i.e.,
x(ṽ) ∈ {−1, 0, 1}

• However, assume that because of some exogenous reasons the
informed trader only appears in the market with probability
p > 0. With probability 1− p there is no informed trader
participation; in other words, x(ṽ) = 0 with probability 1− p;

• The market maker observes total order flow
S = x(ṽ) + ũ ∈ {−2,−1, 0, 1, 2} and chooses price P̃ = E[ṽ|S]
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3

• Assume that the informed trader observes ṽ and can buy or sell
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Solving the model

• Again, the market maker conjectures the informed trader’s
strategy

• From the continuous model, we know that the informed trader
will buy if ṽ > E[ṽ] and sell if ṽ < E[ṽ]

• Because E[ṽ] = 1
2 , the conjecture is that x(1) = 1 and x(0) = −1

(need to eventually verify this is the case)
• The market maker needs to set P (S) for each possible value of S,
taking into account the informed trader’s strategy

• Therefore, S = +2 (S = −2) is fully revealing that the informed
trader buys (sells) -> P (S = +2) = 1 and P (S = −2) = 0

• For all other possible values of S, use Bayes’ Rule (as ṽ is
exogenous):

Pr(ṽ = 1|S)

=
Pr(S|ṽ = 1)Pr(ṽ = 1)

Pr(S|ṽ = 1)Pr(ṽ = 1) + Pr(S|ṽ = 0)Pr(ṽ = 0)

=
Pr(S|ṽ = 1)

Pr(S|ṽ = 1) + Pr(S|ṽ = 0)
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Pr(ṽ = 1|S)

=
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Solving the model

• When S = +1,

— Pr(S = +1|ṽ = 1) = p
3
+ 1−p

3
= 1

3
, as S = +1 is possible if 1) the

informed trader is present, chooses x = +1, and the noisy trader
submits ũ = 0, which happens with probability p× 1

3
; 2) the

informed trader is not present so x = 0, and the noisy trader
submits ũ = +1, which happens with probability (1− p)× 1

3

— Pr(S = +1|ṽ = 0) = 1−p
3

, as S = +1 is only possible if the
informed trader is not present so x = 0, and the noisy trader
submits ũ = +1, which happens with probability (1− p)× 1

3

— Therefore Pr(ṽ = 1|S = +1) =
1
3

1
3
+ 1−p

3

= 1
2−p

and P (+1) = 1
2−p

• We can similarly get P (0) = 1
2 and P (−1) = 1−p

2−p

• The bid-ask spread is therefore P (+1)− P (−1) = p
2−p > 0

• The intuition for the bid-ask spread is the same as before:
information asymmetry between the market maker and the
informed trader resulting in price protection of the market maker
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submits ũ = +1, which happens with probability (1− p)× 1

3

— Therefore Pr(ṽ = 1|S = +1) =
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Implications

• The bid-ask spread is therefore P (+1)− P (−1) = p
2−p > 0

• The intuition for the bid-ask spread is the same as before:
information asymmetry between the market maker and the
informed trader resulting in price protection of the market maker

• The bid-ask spread is increasing in p (probability of informed
trading) as higher p implies more information asymmetry - a
justification for PIN as an empirical proxy for (il)liquidity

• It can be shown that more precise disclosure, by reducing
information asymmetry, reduces the bid-ask spread
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• It can be shown that more precise disclosure, by reducing
information asymmetry, reduces the bid-ask spread
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More precise disclosure reduces bid-ask spread

• Assume the same setup as before and now there is a publicly
disclosed binary signal ỹ ∈ {h, l} that is informative about ṽ.
Specifically, assume that
Pr(ỹ = h|ṽ = 1) = Pr(ỹ = l|ṽ = 0) = q ∈ [ 12 , 1). The market
maker observes S and y and sets P (S, y) = E[ṽ|S, y]. We also
assume that q < p so the signal is not too informative to
dominate the expected information advantage of informed
traders; q is denoted as disclosure quality

• We can still show that the informed trader will choose x = 1
when observing v = 1 and will choose x = −1 when observing
v = 0, regardless of y
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More precise disclosure reduces bid-ask spread

• We can similarly show that

P (+1, h) =
q

q + (1− p)(1− q)
,P (+1, l) =

1− q

1− q + (1− p)q
,

P (−1, h) =
(1− p)q

(1− p)q + 1− q
, P (−1, l) =

(1− p)(1− q)

(1− p)(1− q) + q

• Therefore

∂[P (+1, h)− P (−1, h)]

∂q
∝ −(1− p)(2q − 1) < 0,

and
∂[P (+1, l)− P (−1, l)]

∂q
∝ −(1− p)(2q − 1) < 0,

where ∝ means “proportional to” so more precise disclosure
reduces bid-ask spread
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Connections to Glosten and Milgrom (1985)

• Glostein and Milgrom 1985 JFE, “Bid, ask and transaction prices
in a specialist market with heterogeneously informed traders” use
a similar trick: rather than assuming that the informed trader
enters the market with an exogenous probability but noisy trader
is always present, they assume that the order flow is always 1 or
-1 but can come from either the informed trader or noisy trader

• Assuming informed and noisy trader enter the market with some
exogenously specified stochastic processes, they can then examine
how bid-ask spread evolves over time; also when information
asymmetry is very severe, the market breaks down (bid-ask
spread becomes sufficiently large that nobody is willing to trade)
- this involves some tweak of liquidity trader’s order flows

Introduction and capital markets Discrete Kyle and Disclosure 11 / 12



Connections to Glosten and Milgrom (1985)

• Glostein and Milgrom 1985 JFE, “Bid, ask and transaction prices
in a specialist market with heterogeneously informed traders” use
a similar trick: rather than assuming that the informed trader
enters the market with an exogenous probability but noisy trader
is always present, they assume that the order flow is always 1 or
-1 but can come from either the informed trader or noisy trader

• Assuming informed and noisy trader enter the market with some
exogenously specified stochastic processes, they can then examine
how bid-ask spread evolves over time; also when information
asymmetry is very severe, the market breaks down (bid-ask
spread becomes sufficiently large that nobody is willing to trade)
- this involves some tweak of liquidity trader’s order flows

Introduction and capital markets Discrete Kyle and Disclosure 11 / 12



Concluding slide for lesson 6

• Discrete-order Kyle model simplifies the algebra while preserves
the key intuition in models of trading with imperfect
competition: information asymmetry between informed traders
and the general market results in price protection from the
general market and thus illiquidity as reflected in bid-ask spread

• More precise disclosure, by reducing information asymmetry,
improves liquidity

• Next module we will leverage what we learn of the models of
capital market to study feedback effects, i.e., managers can learn
from the market

• A review quiz of this lesson can be found at
https://forms.gle/nhmpXdMuJjDvqpMs5
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