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Abstract

Countercyclical dispersion of firm outcomes (micro dispersion) is commonly used as
a proxy for micro uncertainty. In this paper, we characterize conditions under which
micro dispersion and micro uncertainty co-move positively in the context of a large
Cournot economy with dispersed information and a financial market that aggregates
private information. We also show that the parameter region supporting the positive
co-movement shrinks when (1) public signal is endogenous through financial asset prices
or (2) strategic substitutability in firms’ output decisions is weak. Our analysis raises
a cautionary note on using micro dispersion as a measure of uncertainty shocks.
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1. Introduction

Uncertainty shocks—changes in the second moment of economic variables—may play a role

for explaining aggregate fluctuations (Bloom, 2014). The volatility of stock market returns

(VIX), the dispersion of survey-based forecasts, and the cross-sectional dispersion in firm-

level outcomes have all been widely used as measures of uncertainty shocks. A growing

body of literature is concerned with how closely these uncertainty measures are linked to

true economic uncertainty (e.g. Jurado, Ludvigson and Ng, 2015; Kozeniauskas, Orlik and

Veldkamp, 2018). This paper focuses on the dispersion of firm profits and examines its

adequacy as a proxy for micro uncertainty—the uncertainty that firms have about their own

economic outcomes.

One potential source of micro uncertainty shocks is a change in the variance of private

signals that firms receive. Cross-sectional dispersion of firm profits captures idiosyncratic

differences in information signals across firms, so it may serve as a sensible proxy for micro

uncertainty that arises from noisy private signals. However, as Kozeniauskas, Orlik and

Veldkamp (2018) point out, noisier signals are weighted less in firms’ decisions, which may

lead to a lower micro dispersion; hence, more dispersed firm profits may not reflect greater

micro uncertainty. This paper complements Kozeniauskas, Orlik and Veldkamp (2018) by

examining when micro dispersion could be tightly linked to true micro uncertainty.0

In doing so, we consider a large Cournot economy with strategic substitutability in which

each firm receives two signals about a demand shock: a private signal, and a public signal that

is endogenously determined through a financial market (á la Rondina and Shim (2015)). For

such economies, we exactly characterize the necessary and sufficient conditions under which

higher micro uncertainty (formally, an increase in private signal variance) generates higher

micro dispersion. We show that the presence of an endogenous public signal reduces the set

0While Kozeniauskas, Orlik and Veldkamp (2018) analyze the relationship between different types of
uncertainty measures due to various uncertainty shocks, this paper focuses on micro uncertainty and micro
dispersion.
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of parameter values over which firm profit dispersion increases with private signal variance.

The parameter set is further reduced for economies with weaker strategic substitutability.

Our results identify characteristics of economies where the micro uncertainty and disper-

sion measures co-vary positively or negatively. In terms of the parameter range, it is more

likely for micro dispersion to be lower due to greater micro uncertainty when the public

signal is endogenous through financial asset prices compared to when the public signal is

exogenous; as well as when strategic substitutability in firms’ output decisions is weaker.

An implication is that the variation in cross-sectional firm-level outcomes is not necessarily

driven by micro uncertainty shocks. Our analysis emphasizes that micro dispersion may

or may not be tightly linked to true micro uncertainty. In this sense, this paper suggests

that there is a strong caution to be added to the approach that uses dispersion of firm-level

outcomes to infer micro uncertainty.

2. The Model

Our analysis builds on the model and results of Rondina and Shim (2015), which we briefly

review here. There are two markets: a Cournot market and a financial market.

The Cournot market is populated by a measure-one continuum of firms, indexed by

i ∈ [0, 1], all producing a homogeneous output good. Each individual firm chooses an output

level q, facing the inverse demand curve z = θ−aQ and a quadratic cost function c(q) = 1
2
cq2,

where z is the unitary price of the firm’s output, θ is a demand shock common across firms,

Q is aggregate output, a ≥ 0, and c > 0. Then the individual firm’s profit is given by

Π(q,Q, θ) ≡ zq − c(q) = (θ − aQ)q − 1

2
cq2. (1)

The demand shock parameter θ is an exogenous random variable drawn from the (im-

proper) uniform distribution over the real line.1 When output decisions are made, each firm

1This is a reduced form approach in line with Leduc and Liu (2016).
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does not know θ but instead observes noisy private and public signals about θ. A private

signal is given by xi = θ + εi, where idiosyncratic noises εi are normally distributed, inde-

pendent of θ and across firms, with mean zero and variance σ2
x. A public signal is given by

p = θ+ ξ, where common noise ξ is normal, independent of θ and all εi, with mean zero and

variance σ2
p.

The equilibrium output strategy of firm i in the Cournot market is characterized as

q∗(xi, p) = ρ
[
λxi + (1− λ)p

]
, (2)

where ρ = 1/(a + c), λ = σ−2
x

σ−2
x + 1

1−r
σ−2
p

, and r = −a/c. The parameter r measures the degree

of substitutability between individual and aggregate outputs in the Cournot market. We

restrict attention to r ∈ (−1, 0]. The parameter λ measures the sensitivity of equilibrium

outputs to private information relative to public information.

In the financial market, a large number of traders take positions on a risky asset, the

payoff of which is a function of the aggregate output of the Cournot market. We interpret p

as the price of the risky asset, which aggregates disperse private information in the financial

market, acting as a public signal. Then the variance of public signal σ2
p (or, equivalently,

the precision of the asset price σ−2p ) is endogenously determined by trades in the financial

market.2 Focusing on equilibrium asset prices of the form p = θ + ξ, we can solve for σ2
p in

a Rational Expectations equilibrium in the financial market. Proposition 1 of Rondina and

Shim (2015) asserts that in the stable equilibrium, the precision of the financial asset price

is decreasing in the precision of firms’ private signals:

∂σ−2p
∂σ−2x

< 0. (3)

The intuition for this result is straightforward: When private signals become more precise,

2One might treat σ2
p as the VIX, which measures the future volatility of the stock market, by taking the

financial asset to be a stock market index.
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firms in the Cournot market find it optimal to rely more on their private information, which

makes their output decisions less predictable from the perspective of traders in the financial

market. As traders perceive the asset payoff as riskier, they reduce trading volumes; so less

private information is aggregated into the asset price, resulting in less precise pubic signal.

3. Results

Changes in the variance of private signals (σ2
x) is one potential source of changes in uncer-

tainty that firms have about their own economic outcomes, which Kozeniauskas, Orlik and

Veldkamp (2018) call micro uncertainty. Because data on firms’ beliefs about future out-

comes is rare, dispersion of firm-level outcomes (micro dispersion) is often used as a proxy

for micro uncertainty. We examine how micro dispersion and micro uncertainty are related

in the context of our model—that is, what happens to micro dispersion when private signal

variance rises.

We define micro dispersion to be the cross-sectional dispersion of firm profits, measured

by the variation in the equilibrium profits across firms for any given realizations of (θ, p):

MD ≡ V ar (Π∗|θ, p) ∝ λ4σ4
x, (4)

the derivation of which is given in Appendix A.1.

The following proposition provides a necessary and sufficient condition for micro disper-

sion to increase with micro uncertainty. The proof is in Appendix A.2.

Proposition 1. The dispersion of firm profits MD increases with the variance of private

signals σ2
x if and only if

λ

(
1 +

1

1− r
∂σ−2p
∂σ−2x

)
>

1

2
, (5)

where λ = σ−2
x

σ−2
x + 1

1−r
σ−2
p

.

This result asserts that the micro uncertainty and dispersion measures can be either
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positively or negatively correlated depending on two opposing effects arising from noisier

private signals. The direct effect (captured by the term σ4
x in (4)) is that firms will have

more dispersed beliefs about their profits, which raises micro dispersion. The indirect effect

(captured by the term λ4 in (4)) is that firms will assign less weight on their private signals,

which lowers micro dispersion. For a large enough sensitivity of firm outputs to private

information, the indirect effect is secondary so that micro dispersion will co-move positively

with micro uncertainty. But when firms are assigning a sufficiently small weight on their

private signals relative to the publicly observable financial price, the indirect effect dominates

and micro dispersion will decrease even with greater micro uncertainty.

Importantly, the indirect effect is aggravated when the public signal p is endogenously

determined in the financial market. When firms’ private signals become less precise (a higher

σ2
x), the financial asset price becomes more accurate (a lower σ2

p). If this deceasing reaction

of asset price variance is strong enough (a sufficiently high −∂σ−2
p

∂σ−2
x

), then more noise in private

signals always lowers micro dispersion. The following proposition gives a sufficient condition

for micro dispersion to decrease with micro uncertainty.

Proposition 2. If −∂σ−2
p

∂σ−2
x

> 1−r
2

, then the dispersion of firm profits MD unambiguously

decreases with an increase in σ2
x.

Proof. Plugging in λ = σ−2
x

σ−2
x + 1

1−r
σ−2
p

and after rearranging, we can rewrite (5) as:

σ−2x >
σ−2p

1− r
+

2σ−2x
1− r

[
−
∂σ−2p
∂σ−2x

]
. (6)

The right-hand-side of (6) is strictly greater than its left-hand-side if 2
1−r

[
−∂σ−2

p

∂σ−2
x

]
> 1; so it

is a sufficient condition under which dMD
dσ2

x
< 0.

When public signal p is exogenous, the dispersion of firm profits MD increases with an

increase in σ2
x if and only if σ−2x >

σ−2
p

1−r . Comparing this condition with (6), we can see the

role of the endogenous price. The following corollary is immediate.
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Corollary 1. Given r ∈ (−1, 0], the term 2σ−2
x

1−r

[
−∂σ−2

p

∂σ−2
x

]
in (6) captures the extent to which

the endogeneity of the public signal impacts the range of parameters for which micro disper-

sion decreases with greater micro uncertainty.

In the presence of a financial market where public signal is endogenous through asset

prices, the micro uncertainty and dispersion measures are more likely to be negatively cor-

related, compared to when public information is exogenous; more likely in the sense of the

larger parameter range for which micro dispersion falls with micro uncertainty due to the

endogenous price impact.

We now analyze how the degree of strategic substitutability in the Cournot market,

captured by r ∈ (−1, 0], affects our findings. We can see from the closed-form expression

for
[
−∂σ−2

p

∂σ−2
x

]
derived in Rondina and Shim (2015) that

[
−∂σ−2

p

∂σ−2
x

]
is increasing in r. Thus the

right-hand-side of (6) increases with a higher r. That is, the range of parameter values for

which micro dispersion and micro uncertainty co-move positively shrinks as firms’ output

decisions are less substitutable with each other. This proves the following corollary.

Corollary 2. Given the financial market that endogenously determines public signal, the

weaker the degree of strategic substitutability in the Cournot market, the more likely that

micro dispersion decreases with greater micro uncertainty.

This result is intuitive. When substitutability in firms’ output decisions becomes weaker,

firms would rely more on public information than on private information. In our model with

endogenous price, the public signal becomes more informative by more dispersed private

signals, inducing firms to rely more on public information. So a weaker degree of strategic

substitutability amplifies the effect generated by endogenous public signal. As a result, the

parameter region in which micro dispersion and micro uncertainty move in the opposite

direction is enlarged.
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4. Conclusion

In this paper, we assert that higher micro uncertainty (represented by more dispersed private

signals) may lead to lower micro dispersion. That is, it is possible for the dispersion of firm

profits, which is a commonly used measure for micro uncertainty, to decrease and at the same

time true micro uncertainty to increase. This is more likely in economies with an endogenous

public signal through financial markets than in economies with an exogenous public signal;

or in economies with weaker strategic substitutability in Cournot markets. An implication

is that the observation of a higher profit dispersion is not a sufficient statistic or indicator

for greater uncertainty that firms have about their outcomes.

A. Appendix

A.1. Derivation of Profit Dispersion

Given the equilibrium firm strategy in (2), aggregate output in equilibrium is Q∗(θ, p) =

ρ [λθ + (1− λ)p]. Plugging q∗ and Q∗ into (1), the expected value of firm profit in equilibrium

for any given (θ, p) is:

E[Π∗(q∗, Q∗, p)|θ, p] = (θ − aQ∗)E[q∗|θ, p]− 1

2
cE[q∗2|θ, p]

= (θ − aQ∗)Q∗ − 1

2
(V ar(q∗|θ, p) +Q∗2)

The deviation of the equilibrium profit level from the mean is:

Π∗ − E[Π∗|θ, p] = (q∗ −Q∗)
(
θ − aQ∗ − 1

2
c(q∗ +Q∗)

)
+

1

2
cV ar(q∗|θ, p)

= ρλεi

(
− (1− λ)ξ − 1

2
cρλεi

)
+

1

2
cV ar(q∗|θ, p)
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Then the equilibrium level of cross-sectional firm profit dispersion for any given (θ, p) is:

V ar(Π∗|θ, p) = E
[
(Π∗ − E[Π∗|θ, p])2|θ, p

]
=

1

4
c2ρ4λ4E[ε4i |θ, p]−

1

2
c2ρ2λ2E[ε2i |θ, p]V ar(q∗|θ, p) +

1

4
c2V ar(q∗|θ, p)2

=
1

2
c2ρ4λ4σ4

x

where the last equality follows from E[ε4i |θ, p] = 3σ4
x, E[ε2i |θ, p] = σ2

x, and V ar(q∗|θ, p) =

ρ2λ2σ2
x. Because c > 0 and ρ = 1/(a+ c) are positive constants, we arrive at (4).

A.2. Proof of Proposition 1

Differentiating λ2σ2
x with respect to σ2

x gives

dλ2σ2
x

dσ2
x

= λ2 + 2λ

−σ−4x (
σ−2x + 1

1−rσ
−2
p

)
− σ−2x

(
−σ−4x + 1

1−r
∂σ−2

p

∂σ−2
x

(−σ−4x )
)

(
σ−2x + 1

1−rσ
−2
p

)2
σ2

x

= λ2 + 2λ

[
−λ(1− λ) + λ2

1

1− r
∂σ−2p
∂σ−2x

]
= λ2

[
2λ

(
1 +

1

1− r
∂σ−2p
∂σ−2x

)
− 1

]
.

Because MD ∝ (λ2σ2
x)

2, we obtain that dMD
dσ2

x
> 0 if and only if 2λ

(
1 + 1

1−r
∂σ−2

p

∂σ−2
x

)
− 1 > 0,

which is equivalent to (5).
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