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1 Introduction

Standard theories of intermediated markets postulate that specialists have access to bet-

ter information about risky assets than households and are thus able to invest in risky

asset markets. This paper explicitly models this consideration in an intermediated mar-

ket model of the economy, and allows households to decrease the information gap with

the specialists by acquiring additional signals about the fundamentals in the economy. I

find that differences in beliefs between the specialists and the households lead to more

frequent periods of intermediation capital shortages, and thus, unconditionally, more

volatile asset prices. Further, as disagreement between households and specialists in-

creases, the equity risk premium increases but the return volatility decreases.

My model builds on the model of financial intermediation of He and Krishnamurthy

(2012, 2013). There are two types of agents in the economy: specialists and households.

While the specialists have access to the risky asset market, households cannot invest di-

rectly in the risky asset. The two types of agents thus enter into an intermediation con-

tract, with the specialists investing in the risky asset on behalf of the households. As in He

and Krishnamurthy (2013), the intermediation relation is subject to an equity constraint,

with the households unwilling to commit funds greater than given multiple of specialist

wealth, ensuring that the specialists have “skin in the game".

The asset markets in the economy are modeled along the lines of Lucas (1978). There is

a risky asset producing an exogenous but risky dividend stream. While the specialists can

invest in the risky asset directly, the households cannot. Both types of agents in the econ-

omy can, however, lend and borrow through investing in (or, correspondingly, shorting)

a riskless bond. The point of departure of this model from the previous literature is that

the households in this economy do not know the expected dividend growth rate. Instead,

they use observations of dividends to learn about the true expected dividend growth rate.

In addition, the households also have access to an external signal but face a capacity con-
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straint in processing the information contained in the signal. Households thus optimally

choose to acquire low precision signals, and, thus, remain at an informational disadvan-

tage relative to the specialists. This is consistent with the evidence in Hong, Torous, and

Valkanov (2007), who show that even sophisticated investors are inattentive to important

economic news.

The differences in learning technologies lead to disagreement between the special-

ists and the households. While the differences in beliefs influence the total wealth of

the intermediary (through the optimal allocation decisions of the household) and, thus,

the behavior of asset prices in the economy, unlike the setting of Scheinkman and Xiong

(2003), this disagreement does not lead to asset price bubbles. Intuitively, the risky assets

in the economy are always held by the intermediary sector. Thus, even though there is

disagreement between the specialists and the households, there is no resale motive in set-

ting asset prices and bubbles do not occur. The risk premium and the Sharpe ratio of the

risky asset increase as disagreement increases, but the return volatility decreases. When

the households are more pessimistic, they have to be compensated more for holding (in-

directly) the risky asset, increasing the risk premium. Since household participation in

the intermediary decreases as they become more pessimistic, there is less wealth invested

in the risky asset, decreasing return volatility and increasing the Sharpe ratio.

I test the main empirical predictions of the model, and find that these are borne out

in the data. I proxy for household wealth by the total financial wealth of the households

from Flow of Funds Table L.100, and disagreement by the interquartile range of forecasts

of GDP growth from the Survey of Professional Forecasters. Household wealth consis-

tently increases the risk premium in the S&P 500, and decreases both implied and real-

ized volatility. During booms, disagreement increase risk premia and decreases volatility.

During recessions, disagreement has little impact on either the equity risk premium or

volatility.

The disagreement between specialists and households also impacts the shape of the
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intermediation-constrained region in the economy. In particular, while it is still true that

the economy is intermediation-constrained when the household’s wealth is large rela-

tive to that of the specialist, when the household is more optimistic than the specialist,

the critical level of the relative wealth of the household decreases. Intuitively, when the

household is more optimistic, it would like to invest a larger fraction of its wealth in the

risky asset, allocating a larger fraction of its wealth to the intermediary. Notice that, since

both the specialist and the household are myopic in this economy, the household does not

take into account the fact that the specialist has more precise information when making

its portfolio allocation decision.

This paper links the recent literature on financial intermediation in a macroeconomic

setting with the literature on economic agents’ limited capacity to process information, or

rational inattention. The economic literature on rational inattention builds on the seminal

papers by Sims (2003, 2006). The main premise of the rational inattention literature is that

agents face a cost in processing the signals available to them in the public markets and

thus optimally choose to observe only some of the information potentially available to

them. The cost of information can either be a physical cost, with the agents limited in

the rate of information transmission that they can process, or a monetary cost, increas-

ing in the information transmission rate demanded by the agent. The current paper falls

in the latter category, with the specialists in the economy paying a monetary cost out of

their own wealth for observing more precise external signals. The information choice set-

ting in this paper is closest to Detemple and Kihlstrom (1987) and Huang and Liu (2007).

While both of these papers take the dynamics of asset prices in the economy as given and

study the optimal portfolio choice problem of an investor faced with information acqui-

sition costs, Huang and Liu (2007) solve the date zero optimal information choice while

Detemple and Kihlstrom (1987) allow the agent in the economy to dynamically update

his information choice. Huang and Liu (2007) show that rational inattention may cause

the representative investor to over– or underinvest. Furthermore, the optimal trading
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strategy is myopic with respect to future information choices.

van Nieuwerburgh and Veldkamp (2010) and Kacperczyk, van Nieuwerburgh, and

Veldkamp (2011) study the optimal portfolio and attention allocation between multiple

assets. van Nieuwerburgh and Veldkamp (2010) show that, given a fixed capacity to

process information about expected asset returns, the investor that collects information

before choosing the optimal portfolio allocation will systematically deviate from hold-

ing a diversified portfolio and may choose to invest instead in a diversified fund and a

concentrated set of assets. In a similar setting, Kacperczyk et al. (2011) show that mutual

fund managers optimally alter their information choice based on the state of the economy,

leading to higher correlation of fund portfolio holdings with the aggregate information,

higher dispersion in returns across funds and higher average fund performance in reces-

sions than in expansions. Unlike the current paper, the fund managers of Kacperczyk

et al. (2011) face a capacity constraint in information acquisition. Thus, the information

friction in their paper can be interpreted as differences in skill between different fund

managers. This paper differs from the above literature in that the model is dynamic, and

asset prices are determined in equilibrium.

This paper is also related to the large literature in banking studying (dis)intermediation.

While traditional models consider the problem in a static setting (see Diamond and Dy-

bvig (1983); Allen and Gale (1994); Holmstrom and Tirole (1997); Diamond and Rajan

(2005)), the more recent work (see e.g. He and Krishnamurthy (2012, 2013); Brunnermeier

and Sannikov (2013); Haddad (2012)) studies the links between financial intermediation

and asset prices in a dynamic setting. These papers, however, assume that the factors

underlying aggregate output (and, hence, prices) in the economy are perfectly observed.

The rest of the paper is organized as follows. Section 2 presents the economic envi-

ronment faced by the agents in the economy. The equilibrium behavior of asset prices is

examined in Section 3. I provide some motivation empirical evidence in Section 4. Sec-

tion 5 concludes. Technical details are relegated to the appendix.
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2 The Model

In this section, I describe the environment faced by the agents in the economy. Starting

with the financial intermediation setting of He and Krishnamurthy (2013), I consider the

case of imperfect information and the incentives to acquire more precise information.

2.1 Economic environment

In this paper, I consider a version of the Lucas (1978) endowment economy. There are

two types of assets traded in asset markets: a risk-free bond in zero net supply, with

(locally) risk less rate rt and a risky asset in unitary supply. The risky asset is a claim to

the dividends of the Lucas tree, with risky dividend growth given by:

dDt

Dt
= gtdt + σddZdt, (2.1)

where D0 is known by the agents in the economy, σd > 0 are constants, and dZt is the in-

crement of the standard Brownian motion under the appropriate filtration. The expected

dividend growth rate gt is time-varying and evolves according to a mean-reverting pro-

cess:

dgt = κg (ḡ− gt) dt + σgdZgt, (2.2)

where κg, ḡ and σg constants, and dZgt is the increment of the standard Brownian motion,

independent of dZdt. Notice that this specification corresponds to the continuous-time

version of the long-run specification of aggregate consumption growth dynamic of Bansal

and Yaron (2004). The mean-reverting expected dividend growth rate gt corresponds to

the long-run component of consumption growth in their specification; since the model

in question is a general equilibrium model, aggregate dividends correspond to aggregate

consumption. Denoting by Pt the price of the risky asset at time t ≥ 0, the risky asset total
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return is given by:

dRt =
Dtdt + dPt

Pt
.

There are two types of agents in the economy, each of unit mass: households and spe-

cialists. As in He and Krishnamurthy (2013, 2012), I assume that the households cannot

invest directly in the risky asset. This corresponds to the assumptions usually made in

the literature on limited market participation (see e.g. Allen and Gale (1994); Basak and

Cuoco (1998); Mankiw and Zeldes (1991); Vissing-Jorgensen (2002)) and is usually moti-

vated by appealing to “informational” transaction costs that households face in order to

invest directly in the risky asset market. While I do not investigate the optimal occupation

choice, I make a step in that direction by allowing the specialists to have access to a better

learning technology.

To circumvent the limited participation constraint, at each time t > 0, households and

specialists are randomly matched to create a short-lived (lasting from time t to t + dt)

intermediary. The intermediary is subject to an equity constraint. In particular, denoting

by wt the time t wealth of the specialist and by Ht the time t contribution of the household

to the intermediary, the equity constraint stipulates that:

Ht ≤ mwt. (2.3)

That is, the household can only contribute up to a multiple m of specialist wealth to the in-

termediary. As in He and Krishnamurthy (2013), I assume that the specialist contributes

all of his wealth to the intermediary, and that the intermediary profits are distributed

between the specialist and the household in proportion to their relative wealth contribu-

tions.

Both the specialist and the household evaluate consumption paths using the log utility
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function. With this assumption, the expected lifetime utility of the specialist is given by:

E

[∫ +∞

0
e−ρt log ctdt

]
,

where ρ is the time discount rate of agents in the economy and ct is the specialist’s con-

sumption rate at time t, and the expected lifetime utility of the household is given by:

E

[∫ +∞

0
e−ρt log chtdt

]
,

where cht is the household’s consumption rate at time t.

2.2 Learning

In this paper, I model explicitly the informational advantage of the specialist and assume

that, while the specialists observe the true value of the expected dividend growth rate gt,

the households do not.1 Instead, the households use observations of the realized divi-

dend growth process to learn about gt. In addition, households can observe an external,

unbiased signal of the expected dividend growth rate of the form:

det = gtdt +
σe√
nt

dZet, (2.4)

where σe > 0 is a constants, nt denotes the effort expanded by the specialist in acquiring

information and dZet is the increment of the standard Brownian motion, independent of

both dZdt and dZgt. Below, I formulate the optimal information choice problem for the

households. I begin, however, by studying the properties of the households’ beliefs for a

given sequence of signal precisions, {nt}t≥0. The following result holds.

1I assume that the specialists observe the value of the expected dividend growth for simplicity. An
alternative specification where both the households and the specialists solve a learning problem but the
specialists have access to a better information acquisition technology would lead to similar implications for
equilibrium asset prices.
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Lemma 1. (Kalman-Bucy Filter)

Given the time t information set Gt = σ− {Ds, es : s ≤ t}, the household’s inference at time

t of the expected dividend growth rate has a Gaussian distribution: gt|Gt ∼ N (ĝt, γt), with the

inferred growth rate ĝt evolving according to:

dĝt = κg (ḡ− ĝt) dt +
γt

σd
dZ̃dt +

γt
√

nt

σe
dZ̃et, (2.5)

and the conditional variance of the belief as:

dγt

dt
= −2κgγt + σ2

g − γ2
t

(
1
σ2

d
+

nt

σ2
e

)
. (2.6)

Here, dZ̃dt and dZ̃et are independent increments of the standard Brownian motion under Gt, given,

respectively, by:

dZ̃dt = σ−1
d

(
dDt

Dt
− ĝtdt

)
dZ̃et =

√
nt

σe
(det − ĝtdt) .

Proof. See e.g. Theorem 10.2 of Liptser and Shiryaev (1977).

The above filter has intuitive properties. First, for a given precision of the external

signal nt, the households learn faster (that is, the variance of their beliefs γt decreases)

if dividends are a more precise signal of the expected dividend growth rate, so that σd

is small, or the expected dividend growth rate mean-reverts faster, so that κg is large.

Second, the inferred expected dividend growth rate ĝt mean-reverts to the unconditional

mean ḡ with the same speed that the true expected dividend growth rate gt does. Unlike

the true dividend growth rate, however, the process for ĝt has time-varying volatility

(through γt) and, depending on the choice of nt, can have stochastic volatility. Finally, as

pointed out in Collin-Dufresne, Johannes, and Lochstoer (2013), in the case of a constant
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expected dividend growth rate (so that gt = ḡ for all t ≥ 0), learning introducing time-

variation into the dividend growth process, with truly long-run risks, as the households

perceive dividend shocks to be permanent. Indeed, under the households’ information

set Gt, dividend growth evolves as

dDt

Dt
= ĝtdt + σddZ̃dt.

For the case of constant expected dividend growth rate under the full information set,

ĝt is a Brownian motion with zero mean, corresponding to a unit root process for the

perceived expected dividend growth.

Turn now to the optimal information choice faced by the households. I assume that

the households face a capacity constraint in processing the external signal, with the total

information transmission rate to the household from observations of both the realized

dividend growth rate dDt/Dt and the external signal bounded above by a constant. As

in Sims (2003, 2006), this can be interpreted as a physical constraint in processing in-

formation. This friction prevents the household from “growing out" of the information

constraint as its wealth increases. In this paper, I assume that the households do not face

a monetary cost when observing the external signal. Thus, rational inattention affects

equilibrium outcomes only through household beliefs, and not through the household

budget constraint. Boyarchenko and Duarte (2012) discuss different specifications of the

information acquisition trade off and their impact on equilibrium outcomes. To formulate

the capacity constraint, I will use the following definition.

Definition 1. (Mutual Information) Let x and y be two random processes on the real line, and

denote by µx, µy, µx,y the probability measures induced on the canonical space (Ω,G) by x, y and

(x, y) respectively. Then, the mutual information between processes x and y over the time interval
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[0, t] is

It (x, y) = E

log
dµt

x,y

d
[
µt

x × µt
y

] (x, y)

 ,

where µt
· is the restriction to Gt and µt

x × µt
y is the Cartesian product of the corresponding mea-

sures.

Thus, the mutual information between two random processes is the Kullback-Leibler di-

vergence between the joint distribution µx,y and the product of the two marginal distribu-

tions µx × µy. When the two processes are independent, the mutual information is zero.

Given the Gaussian structure2 of the observation-state system described in Lemma 1, the

information encoded in the history (up to time t) of the signal vector st =
[
Dt et]′ about

the history of the expected dividend growth rate gt can be expressed as

It (g, s) = E

[
log

dµg,s

d
[
µg × µs

] (gt, st)∣∣∣∣∣ Gt

]
=

1
2

∫ t

0
E

[
(gs − ĝs)

2

(
1
σ2

d
+

ns

σ2
e

)∣∣∣∣∣ Gt

]
ds.

For a proof of the above result, see e.g. Turmuhambetova (2005).

The capacity constraint limits the per-period information transmission rate to the house-

holds, with the later given by:

dIt

dt
(g, s) =

1
2

E

[
(gt − ĝt)

2

(
1
σ2

d
+

nt

σ2
e

)∣∣∣∣∣ Gt

]
=

γt

2

(
1
σ2

d
+

nt

σ2
e

)
. (2.7)

Thus, for a given level of the precision γ−1
t of the households’ beliefs, the information

transmission rate is higher when the households exert more effort and choose a higher

nt. Conversely, for a given effort choice nt, the information transmission rate is higher if

the precision γ−1
t of beliefs is lower. Intuitively, while the households are relatively unin-

2Given the strategic choice to acquire information, it is not immediate that standard filtering results
apply. Detemple and Kihlstrom (1987), however, show that, even with strategic information choice, the
households’s beliefs are given by the Kalman-Bucy filter.
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formed about the expected dividend growth rate, even signals with low precision carry

sufficient information to improve the precision of the households’ posterior beliefs. As the

households become more informed, signals need to be more precise to convey additional

information to the households. With a capacity constraint, the information transmission

rate is bounded above by a constant κ > 0, so that the households’ information processing

constraint is given by

dIt

dt
(g, s) ≤ κ ∀t ≥ 0.

Introduce ft = gt− ĝt to be the disagreement between the specialist and the household

about the expected dividend growth rate. Under the specialists’ (full) information set

Ft = σ− {Ds, es, gs : s ≤ t}, disagreement evolves as:

d ft = −
(

κg +
γt

σ2
d
+

γtnt

σ2
e

)
ftdt + σgdZgt −

γt

σd
dZdt −

γt
√

nt

σe
dZet.

Thus, disagreement follows a mean-reverting process, with the speed of mean-reversion

determined by the information transmission rate to the household. When households use

the full capacity of the information transmission channel available to them, so that

dIt

dt
(g, s) =

γt

2

(
1
σ2

d
+

nt

σ2
e

)
= κ,

the speed of mean reversion of disagreement is constant and equal to κg + 2κ. As house-

holds’ capacity to process information increases, disagreement mean-reverts quicker to

its unconditional mean of 0. Notice that, unlike the exogenous information setting of

Scheinkman and Xiong (2003), the volatility of the disagreement process is time varying,

and depends on the precision of the households’ beliefs and their effort to acquire in-

formation. When the households have low precision of their beliefs, so that γt is large,

disagreement is negatively correlated with innovations to the dividend growth process.
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The disagreement between specialists and households can be represented as a belief

distortion on the part of the households. In particular, let P be the probability measure

induced by the full information set F and P̃ be the probability measure induced by the

partial information set G. The Radon-Nikodym derivative of P̃ with respect to P, which

measures the disparity between the probability measure used by the households and that

used by the specialists, is given by

Mt ≡
(

dP̃

dP

)
t
= exp

(
−1

2

∫ t

0

(
1
σ2

d
+

ns

σ2
e

)
f 2
s ds−

∫ t

0

fs

σd
dZds −

∫ t

0

√
ns

σe
fsdZes

)
.

If the disagreement between households and specialists does not vanish in the long run,

the measures P and P̃ are not mutually absolutely continuous. However, since P̃ can

be constructed from P through the Radon-Nikodym derivativeM, the households and

the specialists agree on zero-probability finite-horizon events. UsingM, the households’

partial information problem can be rewritten as a full-information problem, where the

households evaluate consumption paths according to

E

[∫ +∞

0
e−ρt log chtdt

]
= EP̃

[∫ +∞

0
Mte−ρt log chtdt

]

subject to the dynamic evolution ofMt

dMt

Mt
= − ft

σd
dZdt −

√
nt

σe
ftdZet; M0 = 1.

Finally, the evolution of the risky asset return under the specialists’ beliefs can be

represented as

dRt = µRtdt + σRd,tdZdt + σRe,tdZet = (rt + πRt) dt + σRd,tdZdt + σRe,tdZet,

where the second equality replaces the expected return µRt with the sum of the instanta-
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neous risk-free rate rt and the risk premium πRt paid for holding the risky asset. Applying

the change of measure from P to P̃, under the households’ beliefs, the risky asset return

evolves as

dRt =

(
rt + πRt −

(
σRd,t

σd
+

σRe,t
√

nt

σe

)
ft

)
dt + σRd,tdZ̃dt + σRe,tdZ̃et.

Thus, the risk premium paid to the household for holding the risky asset is

πh
Rt = πRt −

(
σRd,t

σd
+

σRe,t
√

nt

σe

)
ft.

When the households are more optimistic about expected dividend growth than the spe-

cialists, so that ft < 0, they are also more optimistic about the expected risky asset return

as well. For a given level of disagreement ft, households’ expectations are affected more

if the households exert more effort to acquire information (so that
√

nt is larger).

2.3 State variables

It is useful at this point to summarize the state variables in the economy and their evolu-

tions under the specialist’s information set. Since the specialist is the marginal investor in

both the risky and the risk-free asset markets, asset prices satisfy his Euler equation and,

hence, the specialist’s information set is the relevant one in determining the time series

behavior of returns. The full state vector in the economy is:

(gt, ft, γt, yt) .

Here, yt = wht/Dt is the relative wealth of the household. Since the households are

constrained in their portfolio allocation decision, their relative wealth will be a driving

factor for asset prices and, hence, the wealth evolutions in the economy. An alternative

specification would be to have the current dividend Dt as a state variable instead of yt;
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however, this specification turns out to lead to more parsimonious asset pricing formulas.

Parametrize the evolution of yt under the specialist’s information set as:

dyt = µytdt + σyd,tZdt + σye,tZet.

Notice that, in an economy with households only, yt corresponds to the inverse of the

consumption-wealth ratio cayt of Lettau and Ludvigson (2001), which has been shown to

predict stock returns.

2.4 Specialist’s problem

Since specialists are the only agents with access to the risky asset market, I assume that the

specialists makes all of the investment decisions on the total capital of the intermediary

and faces no portfolio restrictions in buying or short-selling either the risky asset or the

risk-free bond. In particular, denote by αIt the fraction of intermediary capital invested in

the risky asset at time t and by wt the specialist wealth at time t. Notice that, since all of

the specialist’s wealth is invested in the intermediary, αIt is the effective exposure of the

specialist to the risky asset. Then:

Proposition 2. The specialist chooses his consumption rate and the intermediary’s exposure to

the risky asset to solve:

max
{ct,αIt}

E

[∫ +∞

0
e−ρt log ctdt

]
, (2.8)

subject to the specialist’s budget constraint:

dwt = −ctdt + wtrtdt + αItwt (dRt − rtdt) .

14



The specialist’s optimal consumption rule is:

ct = ρwt, (2.9)

and the optimal risk exposure is:

αIt =
πRt

σ2
Rd,t + σ2

Re,t
. (2.10)

Thus, the specialist consumes a fixed proportion, ρ, of his wealth each period, and invests

according to the standard myopic investment rule.

2.5 Household’s problem

Consider now the household’s problem. Denote by αht ∈ [0, 1] the fraction of household

wealth allocated to the intermediary at time t. As in He and Krishnamurthy (2013), I

assume that the household is precluded from shorting both the intermediary and the

risk-free bond. Then the following result holds.

Proposition 3. Taking the specialist’s wealth wt and exposure choice αIt as given, the household

solves:

max
{cht,αht,nt}

E

[∫ +∞

0
e−ρht log chtdt

]
, (2.11)

subject to the household’s budget constraint:

dwht = −chtdt + whtrtdt + αhtαItwht (dRt − rtdt) ,

the intermediation constraint:

αhtwht ≤ mwt,
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the no shorting constraint: αht ∈ [0, 1] and the information processing constraint

γt

(
σ−2

d + σ−2
e nt

)
≤ κ.

The household optimally chooses to fully utilize its capacity to process information, so that

nt =

(
κ

γt
− σ−2

d

)
σ2

e .

The household’s optimal consumption rule is:

cht = ρhwht, (2.12)

and the optimal risk exposure in the unconstrained region is:

αht =
πRt −

(
σ−1

d σRd,t + σ−1
e σRe,t

√
nt

)
ft

αIt

(
σ2

Rd,t + σ2
Re,t

) . (2.13)

Thus, in the unconstrained region, the household also acts as a standard myopic investor,

consuming a constant proportion of its wealth each period. As the precision of house-

holds’ beliefs increases, the representative household can acquire a more precise external

signal.

2.6 Equilibrium

Definition 2. An equilibrium in this economy is a set of price processes {Pt} and {rt}, and

decisions {ct, cht, αIt, αht, nt} such that:

1. Given the price processes, decisions solve the consumption-savings problems of the specialist

(2.8) and the household (2.11).

2. Decisions satisfy the intermediation constraint.
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3. The risky asset market clears:

αIt (wt + αhtwht) = Pt. (2.14)

4. The goods market clears:

ct + cht = Dt. (2.15)

Notice that, since the risk-free bonds are in equilibrium zero-net supply, the risky asset

market clearing condition can be expressed as:

wt + wht = Pt.

3 Asset prices

In this section, I characterize the asset prices in the economy. Notice that, since the house-

holds are (potentially) constrained in making their investment decisions by the interme-

diation constraint, the specialist is the marginal agent in both the risky and the risk-free

asset markets. In particular, the risk-free rate in the economy satisfies the Euler equation

of the specialist but not necessarily that of the household.

3.1 Risky asset price

Begin by considering the risky asset price. Since the specialists and the households in this

economy have log preferences, we can derive the risky asset price in closed form. Substi-

tuting the specialist’s (2.9) and the household’s (2.12) optimal consumption decisions into

the goods market clearing condition (2.15), the price of the risky asset can be expressed
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as:

Pt = wht

(
ρ− ρh

ρ

)
+

1
ρ

Dt.

Thus, the equilibrium price-dividend ratio is given by:

Pt

Dt
=

ρ− ρh
ρ

yt +
1
ρ

.

Recall that the economy is intermediation-constrained when the specialist has rela-

tively low wealth, so that:

αht =
πRt −

(
σ−1

d σRd,t + σ−1
e σRe,t

√
nt

)
ft

αIt

(
σ2

Rd,t + σ2
Re,t

) >
mwt

wht
.

Rewriting, we obtain:

yt ≥
mπRt

ρ
[
(1 + m)πRt −

(
σ−1

d σRd,t + σ−1
e σRe,t

√
nt

)
ft

] .

Thus, the y boundary of the intermediation-constrained region is increasing in the Sharpe

ratio and decreasing in the disagreement between the specialist and the household. Fig-

ure 1 plots the boundary between the unconstrained and the constrained regions as a

function of the disagreement between the specialist and the household f (y axis) and the

scaled wealth of the household y (x axis). As households become more wealthy as a share

of total output in the economy, the constraint boundary decreases, making it more likely

that the economy will be intermediation-constrained. Intuitively, as the relative wealth of

households increases, the relative wealth of specialists must decrease, making the inter-

mediation constraint tighter. Similarly, as the household becomes more optimistic relative

to the specialist, so that ft decreases, the constraint boundary decreases, making it more

likely that the economy will be intermediation-constrained. Intuitively, as households
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become more optimistic about the expected dividend growth rate, the optimal share of

their wealth allocated to the intermediary increases, making the intermediation constraint

tighter. For the parameters of the dividend growth process, the long-run mean of the div-

idend growth process, and the external signal, I adapt the calibration of Bansal and Yaron

(2004) for my specification. The capacity of the specialist to process information, κ, is

chosen to make the initial information choice 0:

κ =
1
2

γ0

σ2
d

,

and the prior variance of the household’s (γ0) belief are chosen to be 1. As in He and

Krishnamurthy (2013, 2012), I choose the maximal leverage of the specialists, m, to be 4.

As discussed in He and Krishnamurthy (2013), the choice of m corresponds to the equity

capital constraints of banks and hedge funds, since these institutions are more likely to

be the marginal buyers of risky assets during periods when equity capital is constrained.

Finally, the time discount rate in the economy is chosen to be 1%. The parameters used

for this numerical illustration are summarized in Table 1.

Applying Ito’s lemma to the price-dividend ratio, the risky asset return becomes

dRt =
ρ

yt (ρ− ρh) + 1
dt +

dDt

Dt
+

yt (ρ− ρh)

yt (ρ− ρh) + 1
dyt

yt
+

yt (ρ− ρh)

yt (ρ− ρh) + 1

〈
dyt

yt
,

dDt

Dt

〉
=

(
ρ

yt (ρ− ρh) + 1
+ gt +

yt (ρ− ρh)

yt (ρ− ρh) + 1
(rt − ρh + αhtαItπRt − gt)

)
dt (3.1)

+
σd

1 + yt (ρ− ρh) (1− αhtαIt)
dZdt.

Thus, the households’ news shock dZet does not impact returns directly, and only enters

through its impact on the households’ beliefs and their portfolio choice αht.
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3.1.1 Return volatility

Substituting the intermediaries’ optimal portfolio choice into the risky asset returns pro-

cess (3.1), we obtain the following result.

Proposition 4. The equilibrium risky asset return volatility satisfies:

σRd,t =
σd

1 + (ρ− ρh) yt
+

yt (ρ− ρh)

1 + (ρ− ρh) yt
αht

πRt

σRd,t
.

Thus, in the intermediation-unconstrained region, the risky asset return volatility is given by:

σRd,t =
σd

1 + (ρ− ρh) yt
+

yt (ρ− ρh)

1 + (ρ− ρh) yt

(
πRt

σRd,t
− ft

σd

)
.

When the economy is in the intermediation-constrained region, the risky asset return volatility

becomes:

σRd,t =
σd

1 + (ρ− ρh) yt
+

m (ρ− ρh) (1− ρhyt)

1 + (ρ− ρh) yt

πRt

σRd,t
.

Notice that, in the intermediation-constrained region, the risky asset return volatility

does not depend on the disagreement between the specialist and the household while

the disagreement does influence the volatility in the unconstrained region. Intuitively, in

the intermediation-constrained region, the households are constrained in choosing their

portfolio allocation, and are thus the inframarginal investors in the risky asset. Thus, the

price of the risky asset in the constrained region reflects only the beliefs of the specialist.

In the unconstrained region, both the specialist and the household are at their uncon-

strained optimum, so the risky asset price balances both of their beliefs. Notice also that,

unlike the perfect information setting of He and Krishnamurthy (2012), the disagreement

between the specialist and the household and the learning process of the specialist intro-

duce stochastic volatility in the returns process even in the unconstrained region. The
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volatility of the returns process is increasing in the Sharpe ratio of the risky asset, both in

the constrained and the unconstrained region of the economy. Notice also that, asymp-

totically, as yt → +∞, which corresponds to the economy becoming increasingly more

intermediation-constrained, σ2
Rd,t → −mρhπRt. Intuitively, as the household becomes in-

finitely large relative to the economy, asset prices converge to the shadow asset prices in

an economy where the household is the only agent in the economy, but cannot trade in

the risky asset. At the other extreme, as yt → 0, so that the economy becomes increas-

ingly less intermediation-constrained, σRd,t → σd. Thus, as the specialist becomes the

dominant agent in the economy, the risky asset volatility depends only on the fluctuation

in dividend growth.

The top right panel of Figure 2 plots the return volatility as a function of the rela-

tive household wealth, and the disagreement between the households and intermedi-

aries. As the relative household wealth increases, the return volatility increases since the

same quantity of risky assets have to be distributed across a smaller amount of special-

ist wealth. As the disagreement between specialists and households increases, the return

volatility decreases. To understand this effect, consider the relationship between disagree-

ment and the fraction of household wealth allocated to the intermediary, plotted in the

bottom left panel of Figure 3. When disagreement is high, households allocate a smaller

fraction of their wealth to the intermediary. Thus, there is less trade between households

and specialists, reducing return volatility. This is similar to the intuition of Scheinkman

and Xiong (2003), who show that return volatility increases when there is more trade in

the risky asset, since the volatility of the resale option increases with more trade.

3.1.2 Risk premium

Turn now to the equilibrium risk premium. Substituting the optimal portfolio choice of

the intermediaries into the expected return expression from (3.1), we obtain the following

result.
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Proposition 5. The equilibrium risk premium satisfies:

πRt =
gt − rt − ρh (ρ− ρh) yt

1 + (ρ− ρh) yt

(
1 + yt (ρ− ρh) αht

πRt

σRd,t
σ−1

d

)
.

Thus, in the intermediation-unconstrained region, the risk premium is given by:

πRt =
gt − rt − ρh (ρ− ρh) yt

1 + (ρ− ρh) yt

(
1 + yt (ρ− ρh)

(
πRt

σRd,t
− ft

σd

)
σ−1

d

)
.

When the economy is in the intermediation-constrained region, the risk premium becomes:

πRt =
gt − rt − ρh (ρ− ρh) yt

1 + (ρ− ρh) yt

(
1 + m (ρ− ρh) (1− ρhyt)

πRt

σRd,t
σ−1

d

)
.

Similarly to the risky asset return volatility, in the intermediation-constrained region,

the risk premium does not depend on the disagreement between the specialist and the

household while the disagreement does influence the risk premium in the unconstrained

region. Asymptotically, as yt → +∞, the risk premium becomes:

lim
yt→+∞

πRt = +∞.

Intuitively, in the economy where the households are the only agents, no agent can hold

the risky asset, leading to an infinite risk premium. At the other extreme, as yt → 0, the

equilibrium risk premium converges to:

lim
yt→0

πRt = σ2
d − ρ.

As with the risky asset return volatility, as the specialist becomes the dominant agent in

the economy, the equilibrium risk premium is converges to the one that would arise in a

economy with only specialists.

The top left panel of Figure 2 plots the risk premium as a function of the relative
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household wealth and the disagreement between the households and intermediaries. As

the relative wealth of the households increases, the risky asset has to be held by a smaller

mass of specialists, increasing the required risk premium. This effect becomes more pro-

nounced in the intermediation-constrained region, since the specialists cannot fully sup-

plement their own funds with household contributions in clearing the risky asset market,

driving the risk premium up. Notice, however, that the increases in the risk premium

are not perfectly off-set by the increase in the risky asset volatility: the Sharpe ratio of

the risky asset (bottom left panel of Figure 2) is also increasing in the scaled wealth of

the household. Further, as the disagreement between the households and intermediaries

increases, the risk premium increases as well, since the more pessimistic households have

to be compensated for holding the risky asset more. This, combined with the negative

relationship between return volatility and disagreement, implies that the Sharpe ratio of

the risky asset is also increasing in the disagreement between households and specialists.

3.2 Risk-free rate

Since the specialist is the marginal investor in the risk-free market, the risk-free rate satis-

fies the specialist’s Euler equation:

rtdt = ρdt + E

[
dwt

wt

∣∣∣∣Ft

]
− var

(
dwt

wt

∣∣∣∣Ft

)
.

Using the goods market clearing condition, intermediary wealth evolves as

dwt

wt
=

d (Dt − ρhwht)

Dt − ρhwht
=

dDt/Dt − ρhytdwht/wht
1− ρhyt

This yields the following result.
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Proposition 6. The equilibrium risk-free rate is given by:

rt − ρ− gt = −ρh (ρ− ρh) yt − ρhytαhtαItπRt −
(σd − ρhytαhtαItσRd,t)

2

1− ρhyt
.

Thus, in the intermediation-unconstrained region, the risk-free rate is given by:

rt − ρ− gt = −ρh (ρ− ρh) yt − ρhyt

(
πRt

σRd,t
− ft

σd

)
πRt

σRd,t
− 1

1− ρhyt

(
σd − ρhyt

(
πRt

σRd,t
− ft

σd

))2

.

When the economy is in the intermediation-constrained region, the risk-free rate becomes:

rt − ρ− gt = −ρh (ρ− ρh) yt −mρh(1− ρhyt)
π2

Rt
σ2

Rd,t
− 1

1− ρhyt

(
σd −m

πRt

σRd,t
(1− ρhyt)

)2

.

Thus, the risk-free rate is increasing in the expected long-run dividend growth rate

and decreasing in the Sharpe ratio in both the constrained and the unconstrained regions

of the economy. Asymptotically, as yt → +∞, the risk-free rate becomes:

lim
yt→+∞

rt = −∞.

Intuitively, as the household becomes the dominant agent in the economy, the demand

for borrowing by the specialist decreases, while the supply of credit by the households

increases, driving the equilibrium interest rate to −∞. At the other extreme, as yt → 0,

the equilibrium risk-free rate converges to:

lim
yt→0

rt = ρ + gt − σ2
d .

Thus, as the specialist becomes the dominant agent in the economy, the risk-free rate is

determined by his beliefs about the long-run expected dividend growth rate.

The bottom right panel of Figure 2 plots the equilibrium risk-free rate in the economy

as a function of the relative household wealth and the disagreement between the house-
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holds and intermediaries (y-axis). As the specialist becomes more optimistic relative to

the household, the risk-free rate decreases. Intuitively, as the specialist becomes more op-

timistic, the household is less willing to invest in the risky asset and, hence, more willing

to invest in the risk-free asset, lowering the interest rate. The risk-free rate also decreases

as the household becomes more dominant in the economy. Thus, as the scaled household

wealth increases, the lending demand by specialists is distributed across a larger mass

of households, lowering the risk-free rate. Notice that this is the risk-free asset market

counterpart to the mechanism that increases the risk premium (and the Sharpe ratio) as

specialists become less dominant in the economy. Since the asset markets must clear in

equilibrium, the relative size of the natural owners of the two types of assets (households

for the risk-free asset and specialists for the risky asset) impacts the level of the expected

return in the corresponding markets.

3.3 Portfolio allocations

Turn now to the relationship between the optimal portfolio allocation choices of the house-

holds and the intermediaries and the state variables in the economy. The right panel of

Figure 3 plots the percentage of intermediary capital allocated to the risky asset (αIt) and

the left panel plots the percentage of household wealth allocated to the intermediary (αht)

as a function of the relative household wealth (x-axis) and the disagreement between the

households and intermediaries (y-axis). Notice first, that as the specialists become more

optimistic relative to the households (so that f becomes more positive), αI increases and

αh increases. Intuitively, as the specialists become more optimistic, they are willing to

invest more in the risky asset while the opposite holds true for the households. In par-

ticular, when the specialists and the households agree on the expected dividend growth

rate (so that f = 0) or when the specialists are pessimistic relative to the households (so

that f < 0), the no shorting constraint begins to bind for the households, constraining

their allocation to the intermediary to only be as large as their wealth. At the other ex-
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treme, when the household becomes extremely pessimistic relative to the intermediary,

the household faces the constraint that it cannot short the intermediary and is forced to

put all its wealth in the risk-free asset.

When the specialist is more optimistic than the household, as the relative importance

of the household in the economy increases, the household’s allocation into the intermedi-

ary increases, until the economy enters into the intermediation-constrained region. Intu-

itively, as the household becomes a larger fraction of the economy, asset prices are increas-

ingly more reflective of the household’s belief, in addition to that of the specialist, making

households more likely to invest in the risky asset. This effect also accounts for the op-

posite behavior of the specialist’s portfolio choice: for large optimism on the part of the

specialist, the fraction of intermediary capital allocated to the intermediary increases as

the scaled wealth of the household increases while the household is constrained to invest

0, but decreases when the household is finally able to enter the market. When the beliefs

of the specialist and the household are more in sync, the fraction of intermediary capital

allocated to the risky asset increases for some range out the household’s scaled wealth in

the region where the household is not constrained, but decreases for larger values of y.

3.4 Stationary Distribution

In this Section, I examine the stationary distribution of the variables in the economy. First,

notice that in the stationary equilibrium, the stationary variance γ̄ of the households’

beliefs solves

0 =
∂γt

∂t
= −2κgγ̄ + σ2

g − 2κγ̄,

so that the stationary variance is

γ̄ =
1
2
(
κg + κ

)−1
σ2

g .
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There are two notable differences between the stationary precision of beliefs for an agent

with limited attention and those for an agent that learns from a signal with a given pre-

cision. First, for the rationally inattentive agent, the speed of decrease (over time) of the

variance of beliefs is linear in γt. For the agent learning from signals with fixed precision,

on the other hand, the speed of decrease is a quadratic function of γt. This implies that,

while initially (while γ is large) the rationally inattentive agent learns slower, in the long

run speed of convergence to the stationary level of γ is larger than that of the agent who

learns from fixed precision signals. Second, the variance of beliefs need not converge to

the sample level for the two agents. In particular, for the rationally inattentive agent, the

stationary signal precision is

n̄
σ2

e
= 2

κ

γ̄
− σ−2

d = 4κ
(
κg + κ

)
σ−2

g − σ−2
d .

The stationary variance of beliefs γ̃ of an agent that learns from the signal with that fixed

precision, on the other hand, solves

0 = −2κgγ̃ + σ2
g − 4γ̃2κ

(
κg + κ

)
σ−2

g ,

so that

γ̃ =
−κg +

√
κ2

g + 4κ
(
κg + κ

)
4κ
(
κg + κ

) .

Using the stationary variance of households’ beliefs, disagreement evolves as

d ft = −
(
κg + 2κ

)
ftdt + σddZgt −

γ̄

σd
dZdt − γ̄

√
2κ

γ̄
− 1

σ2
d

dZet.

Since the variance of households’ beliefs does not converge to 0 in the stationary equilib-

rium, disagreement between households and specialists does not converge to 0 as well.
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Thus, the stationary equilibrium of this economy is described by three state variables:

the expected growth rate of dividends gt, the disagreement between households and spe-

cialists ft and the household wealth as a fraction of dividends yt. Denote by ϕ (g, f , y)

the joint stationary distribution of the state variables. The joint distribution satisfies the

Fokker-Planck equation with the time derivative set to 0

0 = κg ϕ− κg (ḡ− g)
∂ϕ

∂g
+
(
κg + 2κ

)
ϕ +

(
κg + 2κ

)
f

∂ϕ

∂ f
−

∂µyt

∂y
ϕ− µyt

∂ϕ

∂y

+
σ2

g

2
∂2ϕ

∂g2 +
σ2

g + γ̄κ

2
∂2ϕ

∂ f 2 + σ2
g

∂2ϕ

∂g∂ f
+

1
2

∂2σyd,t

∂y2 ϕ +
σ2

yd,t

2
∂2ϕ

∂y2 +
∂σ2

yd,t

∂y
∂ϕ

∂y

− γ̄

σd

∂2σyd,t

∂ f ∂y
ϕ− γ̄

σd

∂σyd,t

∂ f
∂ϕ

∂y
− γ̄

σd

∂σyd,t

∂y
∂ϕ

∂ f
− γ̄

σd
σyd,t

∂2ϕ

∂ f ∂y
,

subject to the boundary conditions

lim
y→0

ϕ = 0; lim
y→+∞

ϕ = 0; lim
g→±∞

ϕ = 0; lim
f→±∞

ϕ = 0;
∫

ϕdyd f dg = 1.

This is a non-linear partial differential equation in three variables, which requires a nu-

merical solution. I solve for the stationary distribution using a variation of the Method of

Lines; the details of the procedure are described in Appendix B.

Figure 4 plots bivariate marginal stationary densities. Panel (a) shows that most of

the density is concentrated in the region of low disagreement and intermediate levels of

household wealth. Thus, even in the stationary equilibrium of the economy, the interme-

diation constraint binds for a relevant fraction of economic realizations. The univariate

marginal of household wealth, plotted in Panel (a) of Figure 5, in fact has a bimodal dis-

tribution, with one peak to the left of the intermediation constraint (where the constraint

does not bind) and one peak to the right (where the constraint does bind). It is impor-

tant to also note that the stationary distribution is not degenerate in household wealth;

thus, both specialists and households do in fact survive in the stationary equilibrium of

the economy. The mechanism for survival is, however, different than that usually con-
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sidered in the heterogeneous preferences literature (see e.g. Borovička, 2013). Here, the

survival of both types of agents occurs not due to utility function heterogeneity or time-

inseparability, but rather because of heterogeneous access to asset markets. As the house-

holds grow in the economy, the intermediation constraint limits their allocation into the

risky asset markets, dampening their growth relative to the growth of the specialists. As

the wealth of the specialists increases, the households are able to contribute more to the

intermediary, and receive a larger share of the profits of the intermediary.

Turning to Panel (b) of Figure 4, we see that the joint density of household wealth

and expected dividend growth has a similar shape, albeit this density is centered around

ḡ (and not 0, as is the case for disagreement) along the expected dividend growth di-

mension. This is not surprising: in the stationary equilibrium, innovations to expected

dividend growth and disagreement have correlation close to 1. Indeed, in Panel (c) we

can see that joint density of expected growth and disagreement is almost perfectly sym-

metric. Panel (b) and (c) of Figure 5 confirm, respectively, that disagreement is centered

around 0 and expected dividend growth around ḡ.

Panel (d) of Figure 4 plots the joint density of the equilibrium risk premium paid to

investors in the risky asset and the equilibrium volatility of the risky asset return. Most

of the density is concentrated at higher levels of volatility and lower levels of the equity

risk premium, leading to a relatively tight distribution of the Sharpe ratio (Panel (d) of

Figure 5). Although the risk premium in the stationary equilibrium is lower than that

observed empirically (1.5–2.7% in the model versus 6–8% in the data), it is much higher

than the one that would arise in a model with a representative agent with log preferences.

4 Empirical Analysis

In this Section, I conduct simple exploratory empirical analysis to examine the testable

predictions of the model. The model predicts that:
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1. Higher household wealth increases expected returns and decreases return volatility.

2. Higher disagreement increases expected returns and decreases return volatility while

the households are unconstrained and does not impact either expected returns or re-

turn volatility when the households become constrained.

The empirical evidence is consistent with these predictions, although the degree of statis-

tical significance varies across specifications.

4.1 Data

In the empirical analysis, I interpret the disagreement between specialists and households

broadly and focus on variation in the disagreement about the overall future prospects of

the economy. I use the disagreement over quarter-over-quarter change in nominal GDP

from the Survey of Professional Forecasters, obtained from the Federal Reserve Bank of

San Francisco. Disagreement is measured as the interquartile range across the survey

respondents, which I scale by the median forecast to make the measure comparable over

time. Figure 6 plots the quarterly observations of the disagreement over current quarter

nominal GDP growth. The disagreement decreases during booms, and increases during

recessions. As a robustness check, the regressions below also use disagreement over the

next quarter nominal GDP growth as an alternative measure of disagreement, as well as

disagreement over the price level in GDP and real GDP.

I use two different measures of the relative wealth of the households in the economy:

the total financial assets held by households and the total value of mutual funds shares

held by households, obtained from Flow of Funds Table L.100. While the total financial

assets held by households measures the financial wealth of the household sector in the

United States, the total value of mutual fund shares proxies for household wealth inter-

mediated through the mutual fund industry. I detrend both series by constructing four

quarter changes. Figure 6 plots the quarterly observations of the annual growth rate of the
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total financial assets held by the households over time. The asset growth rate decreases

and becomes negative during recessions, and increases during booms.

4.2 Equity risk premium

I begin by testing the relationship between the equity risk premium, household wealth,

and disagreement. The model predicts that the risk premium is increasing in household

wealth (since the same amount of risk has to be borne by a smaller amount of specialist

wealth), and, while the households are unconstrained, increasing in disagreement be-

tween households and specialists. Indeed, the top panel of Figure 7 shows a positive

association between realized returns on the S&P 500 and household financial wealth, and

the bottom panel a positive association between realized returns and disagreement over

the current quarter nominal GDP growth. The relationship between realized excess re-

turns and household wealth is especially strong during recessions.

To assess the significance of these relationships and to test that they hold for expected

as well as realized returns, I estimate

Rt,t+1 = α + βE∆Et + βDDt + βRDt × 1Recession + εt+1,

where ∆Et is the growth rate of household wealth between quarter t− 1 and t, Dt is the

disagreement in quarter t and Dt × 1Recession is the interaction between disagreement in

quarter t and the NBER recession indicator in quarter t. As proxy for the equity risk pre-

mium in quarter r, I use realized future excess market returns Rt,t+1, constructed as the

continuously compounded return on the S&P 500 between quarter t and t + 1/3 in ex-

cess of the continuously compounded Federal Funds rate. Table 2 reports the coefficients

and the Newey-West standard errors with four quarter truncation from the above regres-

sion using different proxies for the relative household wealth in the economy and the

disagreement between households and specialists. Panels A and B use the total financial
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asset holdings of the households, and Panels C and D the mutual fund share holdings

as proxies for household wealth. Panels A and C use the interquartile range of forecasts,

scaled by the median forecast, for current quarter GDP growth measures (nominal, price

level and real) as a proxy for disagreement, while Panels B and D use the interquartile

range of forecasts, scaled by the median forecast, for next quarter GDP growth measures.

In all specifications, consistent with the time series plots of Figure 7, increases in house-

hold wealth lead to increases in the risk premium. The model predictions for the relation-

ship between risk premium and disagreement are also borne out in most specifications.

During normal periods, increases in disagreement lead to increases in the risk premium.

In recessions, household participation in the risky asset markets, reducing the impact of

household beliefs and, hence disagreement, on the risk premium.

4.3 Stock market volatility

According to the model, when households are more impatient than the specialists, stocks

should be more volatile when households represent a higher fraction of wealth in the

economy, and when the disagreement between households and specialists is lower. I use

two measures of return volatility: realized volatility measured as the standard deviation

of daily returns over the preceding month, and implied volatility measured by the CBOE

Volatiity Index (VIX). The top panel of Figure 8 reveals a negative association between

volatility and household financial wealth, and the bottom panel a positive association be-

tween volatility and disagreement during recessions. To assess the significance of these

relationships and to test whether the impact of disagreement is diminished when special-

ist wealth is depleted, I estimate

Vt = α + βVVt−1 + βE∆Et + βDDt + βRDt × 1Recession + εt,
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where Vt is volatility (either the realized volatility RVt or the implied volatility IVt) at

date t and, as before, ∆Et is the growth rate of household wealth between quarter t− 1

and t, Dt is the disagreement in quarter t and Dt × 1Recession is the interaction between

disagreement in quarter t and the NBER recession indicator in quarter t.

Table 3 reports the estimated coefficients from a quarterly regression of the realized

volatility, together with Newey-West standard errors with four quarter truncation, us-

ing the same proxies for household wealth (total financial asset holdings and mutual

fund share holdings) and disagreement as above. Notice that including lagged volatil-

ity removes most of the serial correlation in the residuals. Consistent with the model

predictions, increases in household wealth lead to decreases in volatility in all regres-

sion specifications. The model’s predictions for the relationship between volatility and

disagreement are also borne out in the specifications using either nominal or real GDP.

During normal periods, increases in disagreement lead to decreases in volatility. During

recessions, changes in disagreement have little impact on return volatility since house-

holds disinvest from intermediaries, reducing the impact of household beliefs on asset

prices. Table 4 confirms that these predictions also hold when implied volatility is used

as the proxy for return volatility instead of realized volatility.

5 Conclusion

I present a dynamic model of intermediation and information acquisition. The disparity

in information between specialists and households introduces endogenous disagreement

between the two types of agents in the economy. Although households decrease the infor-

mation gap by observing additional signals, their limited capacity to process information

prevents them from becoming as informed as the specialists. This changes the shape of

the intermediation-constrained region of the economy, and increases the frequency of pe-

riods when the intermediation constraint binds.
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When the intermediation constraint is lax, higher disagreement between households

and specialists increases the equity risk premium and decreases the return volatility. In

the constrained region of the economy, since the households are constrained in their port-

folio allocation, disagreement does not impact the equilibrium asset pricing moments. I

find empirical evidence consistent with these predictions, as well as the prediction that

higher household wealth increases risk premia and decreases return volatility.
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A Proofs

A.1 Proof of Proposition 2

Denote by J the value function of the specialist at time t:

J(wt, gt, γt, ft, yt) = max
{cs,αIs}

E

[∫ +∞

t
e−ρs log csds

]
,

subject to the dynamic budget constraint

dwt = −ctdt + wtrtdt + αItwt (πRtdt + σRd,tdZdt + σRe,tdZet) .

Instead of solving the dynamic optimization problem, I follow Cvitanić and Karatzas
(1992) and rewrite the fund manager problem in terms of a static optimization. Cvitanić
and Karatzas (1992) extend the Cox and Huang (1989) martingale method approach to
constrained optimization problems, such as the one that the fund managers face in our
economy. Notice that, even though the specialists do not face no-shorting constraints, the
market is incomplete from their point of view since there are three shocks in the economy,
dZdt, dZgt and dZet, but only one risky asset. Introduce αgt to be the fraction of fund equity
allocated to claims to dZgt, αet be the fraction of fund equity allocated to claims to dZet,
and let~α f t ≡

[
αIt αet αgt

]′ be the vector of portfolio choices of the fund at time t.
Define K =

{
π ∈ R3 : π1 = π2; π3 = 0

}
to be the convex set of admissible portfolio

strategies and introduce the support function of the set −K to be

δ (x) = δ (x| K) ≡ sup
~α f∈K

(
−~α′f x

)
=

{
0, if x1 = −x2

+∞, otherwise.

We can then define an auxiliary unconstrained optimization problem for the fund man-
ager, with the returns in the auxiliary asset market defined as

rv
t = rt + δ (~vt)

dRv
t = (µRt + v1t + δ (~vt)) dt + σRd,tdZdt + σRe,tdZet

dZv
et = (v2t + δ (~vt)) dt + dZet

dZv
gt = (v3t + δ (~vt)) dt + dZgt,

for each ~vt = [v1t v2t v3t]
′ in the space V (K) of square-integrable, progressively measur-

able processes taking values in K. Corresponding to the auxiliary returns processes is an
auxiliary state-price density

dηv
t

ηv
t

= − (rt + δ (~vt)) dt− (~µRt − rt +~vt)
′ (σ′Rt

)−1 d~Zt,
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where

~µRt =

 µRt
0
0

 ; σRt =

 σRd,t σRe,t 0
0 1 0
0 0 1

 ; ~Zt =

 Zdt
Zet
Zgt

 .

The auxiliary unconstrained problem of the representative specialist then becomes

max
ct

E

[∫ +∞

0
e−ρt log ctdt

]
,

subject to the static budget constraint

w0 = E

[∫ +∞

0
ηv

t ctdt
]

.

The solution to the original constrained problem is then given by the solution to the un-
constrained problem for the v that solves

~v∗t = arg min
x1=0

{
2δ(x) +

∣∣∣∣∣∣σ−1
Rt (~µRt − rt + x)

∣∣∣∣∣∣2}
= arg min

x1=−x2

∣∣∣∣∣∣σ−1
Rt (~µRt − rt + x)

∣∣∣∣∣∣2 .

Thus,

v∗t =

 0
rt
rt

 .

Consider now solving the auxiliary unconstrained problem. Taking the first order
condition, we obtain

[ct] : 0 =
e−ρt

ct
− ληv

t ,

or

ct =
e−ρt

ληv
t

.

Substituting into the static budget constraint, we obtain

ηv
t wt = Et

[∫ +∞

t
ηv

s c f sds
]
= Et

[∫ +∞

t

e−ρs

λ
ds
]
=

e−ρt

λρ
.

Thus

ct = ρwt.
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To solve for the fund’s optimal portfolio allocation, notice that:

d (ηv
t wt)

ηv
t wt

= −ρdt.

On the other hand, applying Itô’s lemma, we obtain

d (ηv
t wt)

ηv
t wt

=
dηv

t
ηv

t
+

dwt

wt
+

dwt

wt

dηv
t

ηv
t

.

Equating the coefficients on the stochastic terms, we obtain

~α f t =
(
σRtσ

′
Rt
)−1

(~µRt − rt +~vt) ,

so that

αIt =
πRt

σ2
Rd,t + σ2

Re,t
.

A.2 Proof of Proposition 3

Similarly to the specialists’ problem, I solve the household problem using the convex
duality approach of Cox and Huang (1989) and Cvitanić and Karatzas (1992). Notice,
however, that the set of admissible strategies for the household is further restricted by the
intermediation constraint, so that:

K =

{
π ∈ R3 : π1 ≤

mρ−1 (1− ρhyt)

yt
; π1 ∈ [0, 1] ; π1 = π2; π3 = 0

}
.

The results of Cvitanić and Karatzas (1992) apply in this setting as well, so that we can
obtain (2.13) for the unconstrained case, and

αht =
µh

Rt − rt

αIt

(
σ2

Rd,t + σ2
Re,t

) − λt + η1t + η2t

α2
It

(
σ2

Rd,t + σ2
Re,t

)
otherwise.
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B Stationary Distribution Solution

Recall that the stationary distribution ϕ of the state vector (gt, ft, yt) solves the partial
differential equation (PDE)

0 = κg ϕ− κg (ḡ− g)
∂ϕ

∂g
+
(
κg + 2κ

)
ϕ +

(
κg + 2κ

)
f

∂ϕ

∂ f
−

∂µyt

∂y
ϕ− µyt

∂ϕ

∂y

+
σ2

g

2
∂2ϕ

∂g2 +
σ2

g + γ̄κ

2
∂2ϕ

∂ f 2 + σ2
g

∂2ϕ

∂g∂ f
+

1
2

∂2σyd,t

∂y2 ϕ +
σ2

yd,t

2
∂2ϕ

∂y2 +
∂σ2

yd,t

∂y
∂ϕ

∂y

− γ̄

σd

∂2σyd,t

∂ f ∂y
ϕ− γ̄

σd

∂σyd,t

∂ f
∂ϕ

∂y
− γ̄

σd

∂σyd,t

∂y
∂ϕ

∂ f
− γ̄

σd
σyd,t

∂2ϕ

∂ f ∂y
,

subject to the boundary conditions

lim
y→0

ϕ = 0; lim
y→+∞

ϕ = 0; lim
g→±∞

ϕ = 0; lim
f→±∞

ϕ = 0;
∫

ϕdyd f dg = 1.

I solve this PDE numerically using a variation of the Method of Lines, which discretizes
all but one dimension of the state vector. This reduces the PDE into a system of ordinary
differential equations (ODEs) for the remaining variable.

I discretize the state space along the yt and the ft dimensions, and use an implicit
method to compute the derivatives. This leaves gt as a continuous variable, for which we
will solve the ODEs. By discretizing in the yt and ft dimensions, I can avoid having to
compute derivatives of µyt and σyd,t in closed form. Index the grid along the yt dimension
by k = 1, . . . , K, with y1 = 0 and yK = ȳ, and the grid along the ft dimension by j =
1, . . . , J, with f1 = f and f J = f̄ , and denote

φjk (g) = ϕ
(

g, f j, y f
)

; φ1
jk (g) =

∂ϕ

∂g
(

g, f j, y f
)

.

Then, the first order derivatives can be represented as

∂ϕ

∂ f
=

φj+1,k − φj−1,k

2∆ f
;

∂ϕ

∂y
=

φj,k+1 − φj,k−1

2∆y
;

∂µyt

∂y
=

µyt
(

g, f j, yk+1
)
− µyt

(
g, f j, yk−1

)
2∆y

;

∂σyd,t

∂y
=

σyd,t
(

g, f j, yk+1
)
− σyd,t

(
g, f j, yk−1

)
2∆y

;
∂σyd,t

∂y
=

σyd,t
(

g, f j+1, yk
)
− σyd,t

(
g, f j−1, yk

)
2∆y

,

where ∆ f = f j+1 − f j and ∆y = fk+1 − fk, and second order derivatives as

∂2ϕ

∂ f 2 =
φj+1,k − 2φj,k + φj−1,k

∆ f 2 ;
∂2ϕ

∂y2 =
φj,k+1 − 2φj,k + φj,k−1

∆y2 ;

∂2ϕ

∂g∂ f
=

φ1
j+1,k − φ1

j−1,k

2∆ f
;

∂2ϕ

∂ f ∂y
=

φj+1,k+1 − φj+1,k−1 − φj−1,k+1 + φj−1,k−1

4∆ f ∆y
.
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Substituting into the PDE, we obtain

0 = κgφjk − κg (ḡ− g) φ1
jk +

(
κg + 2κ

)
φjk +

(
κg + 2κ

)
f j

φj+1,k − φj−1,k

2∆ f

−
∂µyt

∂y
φjk − µyt

φj,k+1 − φj,k−1

2∆y
+

σ2
g

2

∂φ1
jk

∂g
+

(
σ2

g + γ̄κ

2

)
φj+1,k − 2φj,k + φj−1,k

∆ f 2

+ σ2
g

φ1
j+1,k − φ1

j−1,k

2∆ f
+

1
2

∂2σyd,t

∂y2 φjk +
σ2

yd,t

2
φj,k+1 − 2φj,k + φj,k−1

∆y2 +
∂σ2

yd,t

∂y
φj,k+1 − φj,k−1

2∆y

− γ̄

σd

∂2σyd,t

∂ f ∂y
φjk −

γ̄

σd

∂σyd,t

∂ f

(
φj,k+1 − φj,k−1

2∆y

)
− γ̄

σd

∂σyd,t

∂y

(
φj+1,k − φj−1,k

2∆ f

)
− γ̄

σd
σyd,t

(
φj+1,k+1 − φj+1,k−1 − φj−1,k+1 + φj−1,k−1

4∆ f ∆y

)
.

Collecting like terms, we have

0 =

(
2κg + 2κ −

∂µyt

∂y
−

σ2
g + γ̄κ

∆ f 2 +
1
2

∂2σyd,t

∂y2 −
σ2

yd,t

∆y2 −
γ̄

σd

∂2σyd,t

∂ f ∂y

)
φjk − κg (ḡ− g) φ1

jk

+

((
κg + 2κ

)
f j +

σ2
g + γ̄κ

∆ f
− γ̄

σd

∂σyd,t

∂y

)
φj+1,k

2∆ f
+

(
−
(
κg + 2κ

)
f j +

σ2
g + γ̄κ

∆ f
+

γ̄

σd

∂σyd,t

∂y

)
φj−1,k

2∆ f

+

(
−µyt +

σ2
yd,t

∆y
+

∂σ2
yd,t

∂y
− γ̄

σd

∂σyd,t

∂ f

)
φj,k+1

2∆y
+

(
µyt +

σ2
yd,t

∆y
−

∂σ2
yd,t

∂y
+

γ̄

σd

∂σyd,t

∂ f

)
φj,k−1

2∆y

+ σ2
g

φ1
j+1,k − φ1

j−1,k

2∆ f
+

σ2
g

2

∂φ1
jk

∂g
− γ̄

σd
σyd,t

(
φj+1,k+1 − φj+1,k−1 − φj−1,k+1 + φj−1,k−1

4∆ f ∆y

)
.
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Table 1: Parameters

σd 0.15
κg 0.0210
ḡ 0.0015
σg 3.43×10−5

σe 0.225

κ 22.22

m 4
ρ 1%
ρh 1.67%

NOTES: Parameters used for numerical illustrations. The parameters of the dividend growth
process (σd), of the long-run mean of dividend growth (κg, ḡ, σg) and of the external signal (σe)
are a version of the Bansal and Yaron (2004) calibration, modified to the setting of this paper.
The capacity of the households to process information κ is chosen to make zero precision of the
external signal in the initial period optimal. The maximal leverage of the specialists, m, and the
discount rates of the specialists ρ and the households ρh are taken from He and Krishnamurthy
(2013).
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Figure 1. Constrained and Unconstrained Regions

Household Wealth

D
is

ag
re

em
en

t

5 10 15 20 25

−0.01

0

0.01

0.02

0.03

0.04

NOTES: Constrained (white) and unconstrained (black) regions of the economy as a function
of the scaled household wealth (x-axis) and the disagreement between the households and the
specialists (y-axis). Parameters of the economy are given in Table 1.
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Figure 2. Asset Pricing Moments
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NOTES: The relationship between the equilibrium asset pricing moments and scaled household
wealth yt (x-axis) and the disagreement between households and specialists ft (y-axis). Top left
panel: equity risk premium πRt (in percent); top right panel: return volatility σRd,t (in percent);
bottom left panel: the Sharpe ratio πRt/σRd,t on the risky asset; bottom right panel: the equilib-
rium risk-free rate rt (in percent). Equilibrium asset prices computed using parameters in Table 1.
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Figure 3. Portfolio Allocation
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NOTES: The relationship between equilibrium portfolio allocation decisions and scaled house-
hold wealth yt (x-axis) and the disagreement between households and specialists ft (y-axis). Left
panel: fraction of household wealth αht (in percent) allocated to the intermediary; right panel:
fraction of intermediary equity αIt (in percent) allocated to the risky asset. Equilibrium portfolio
allocations computed using parameters in Table 1.
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Figure 4. Stationary Density
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NOTES: Bivariate marginal stationary density. Panel (a): Joint density of disagreement (x-axis)
and scaled household wealth (y-axis); Panel (b): Joint density of expected dividend growth (x-
axis) and scaled household wealth (y-axis); Panel (c): Joint density of expected dividend growth
(x-axis) and disagreement (y-axis); Panel (d): Joint density of equilibrium risk premium (x-axis)
and equilibrium risky asset return volatility (y-axis). Risk premium and return volatility in per-
centage terms. Densities computed using parameters in Table 1.
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Figure 5. Stationary Distribution, Univariate Marginals
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NOTES: Univariate marginal stationary distributions. Top left panel: density of scaled household
wealth, y; top right panel: density of disagreement between households and specialists, f ; bottom
left panel: density of expected dividend growth, g; bottom right panel: density of the equilibrium
Sharpe ratio. Densities computed using parameters in Table 1.
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Figure 6. Household Wealth and Disagreement
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NOTES: Left axis: annual growth rate (percent) of total financial assets held by households; right
axis: disagreement over current quarter nominal GDP growth. Data on financial asset holdings
of the household sectors comes from Flow of Funds Table L.100. Disagreement is measured as the
interquartile range of forecasts scaled by the median forecast; data on disagreement and median
forecast comes from the Survey of Professional Forecasters. NBER recessions shaded in grey.
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Figure 7. Returns, Disagreement and Household Wealth
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NOTES: Top panel: Monthly excess returns on the S&P 500 (right axis) and annual growth rate
(percent) of total financial assets held by households (left axis); bottom panel: monthly excess
returns on the S&P 500 (right axis) and disagreement over current quarter nominal GDP growth.
Data on financial asset holdings of the household sectors comes from Flow of Funds Table L.100.
Disagreement is measured as the interquartile range of forecasts scaled by the median forecast;
data on disagreement and median forecast comes from the Survey of Professional Forecasters.
NBER recessions shaded in grey.
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Figure 8. Volatility, Disagreement and Household Wealth
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NOTES: Top panel: standard deviation of daily returns within a month on the S&P 500 (right
axis), CBOE VIX index (right axis) and annual growth rate (percent) of total financial assets held
by households (left axis); bottom panel: standard deviation of daily returns within a month on
the S&P 500 (right axis), CBOE VIX index (right axis) and disagreement over current quarter
nominal GDP growth. Data on financial asset holdings of the household sectors comes from Flow
of Funds Table L.100. Disagreement is measured as the interquartile range of forecasts scaled by
the median forecast; data on disagreement comes from the Survey of Professional Forecasters.
NBER recessions shaded in grey.
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