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Abstract

This paper studies how �nancial information frictions can generate sentiment-driven �uc-

tuations in asset prices and self-ful�lling business cycles. In our model economy, exuberant

sentiments of high output and high demand for capital increase the price of capital, which

signals strong fundamentals of the economy to the real side and leads to an actual boom in

real output and employment. In a two-country setting, our sentiment-driven �uctuations can

explain global recessions and the cross-country comovement puzzles. In the extension to the

dynamic OLG setting, our model demonstrates that sentiment shocks can generate persistent

�uctuations in output and employment, holding the promise to explain persistent business cycle

�uctuations.
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1 Introduction

The �nancial sector plays a central role in a modern economy, which is evident from the wide and

deep macroeconomic impact of the recent global �nancial crisis in 2007-2009. There are at least

two channels through which the �nancial sector can in�uence the aggregate real economy (see, e.g.,

Levine (2005) and Rajan and Zingales (2004)): 1) the �nancing of capital, which is analogous to

the role played by the �blood system� in a human body; 2) the production of information about

investment opportunities, analogous to the �nervous system�. An exploding �nancial accelerator

literature pioneered by Bernanke and Gertler (1989) and Kiyotaki and Moore (1997) has shown,

both theoretically and empirically, that the �nancial sector can in�uence business cycles through

the �nancing channel.1 In this paper we explore the feedback e¤ect from �nancial markets to the

real economy due to the informational role of �nancial prices. Unlike the conventional view that

prices can e¢ ciently allocate economic resources in a free market by signaling relevant information to

economic actors (see Hayek (19945), Grossman and Stiglitz (1980)), we argue that the informational

role of �nancial markets in allocating resources can be impaired by investors�sentiments or sunspots.

The sentiment-driven asset prices in turn may in�uence real activities and shape macroeconomic

�uctuations.

We formalize our idea in a simple benchmark three-period rational expectations model consisting

of a continuum of traders and households. The traders live from period 0 to period 1. They are

the initial capital owners. The households live from period 1 to period 2. The only fundamental

uncertainty in the economy is the aggregate TFP shock in the last period (period 2). We assume,

in a simple benchmark case, that only the traders have some noisy information about the TFP

shock. The TFP shock in period 2 directly a¤ects the return on households�investment and hence

their incentive of labor supply in period 1. As capital and labor are complements in production,

households�labor supply in period 1 also indirectly a¤ects the traders�return on capital held from

period 0 to period 1. In such an economic environment, the traders in period 0 need to forecast

the level of aggregate economic activity, that is, employment and output in period 1. On the other

side, forming expectations about the behavior of traders, households can obtain information about

the return to their capital savings for period 2 from the price of capital in period 0. This two-way

interaction between the �nancial market and the real economy is at the heart of our mechanism of

sentiments.

Suppose that somehow exuberant sentiments lead the traders to believe there will be a boom in

output in period 1. Then they conjecture that the demand for capital and therefore the return on

capital will be high. Competition in the �nancial market will push up the capital price in period

1See Bernanke, Gertler and Gilchrist (1999) and a recent excellent survey by Brunnermeier, Eisenbach and San-
nikov (2013).
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0. However, the households cannot identify whether the high capital price is due to the traders�

sentiments or their signal of a high TFP in period 2. After solving a signal extraction problem,

they will attribute the high price partially to a high TFP in period 2. Their actual labor supply

will indeed increase, resulting in an actual boom in output in period 1. So the traders�initial belief

will be con�rmed. We show that there exists a continuum of sentiment-driven equilibria, indexed

by the variance of sentiments, in which the capital price re�ects both sentiment and TFP shocks.

Under these rational expectations equilibria, Bayesian optimal signal extraction will result in a

conjectured labor supply that is always equal to actual labor supply.

We then study several generalizations of our baseline model. First, we allow more general

information and signal structures, where households also receive correlated heterogeneous private

signals on TFP shocks as well as market sentiments that can be correlated with the signals received

by traders in period 0. We show our main results are robust to such generalizations. As a general

conclusion, as long as the traders have some private information, the sentiment-driven equilibria

exist. The usual argument for the e¢ cient market hypothesis applies subtly: the market is e¢ cient

in aggregating information about TFP shocks, but it aggregates information on sentiments as well.

We then also show that sentiment-driven equilibria are robust to the case in which the fundamental

shocks originate from the demand side.

Then we extend our benchmark model to a two-country model, in which two symmetric countries

are linked through international trade. It is well known that the standard RBC models have

di¢ culty in explaining the comovements of output across countries (see, e.g., Perri and Quadrini

(2013), Imbs (2010)) without resorting to global shocks. We show that our model is able to

characterize such synchronization in the sentiment-driven equilibria. The intuition is as follows.

When the economies of countries are linked through trade in intermediate goods, traders in each

country need to forecast output and therefore household labor supply in both countries.

Suppose traders in both countries believe that the real economies of the two countries are highly

linked through international trade (perhaps beyond the actual linkage) and a TFP shock from either

country has a global impact. When traders in one country or both countries believe that there will

be recession next period, and therefore they expect a low capital return, the capital prices in both

countries will decline together. Next period, after observing low capital prices, households will

attribute the low capital prices in part to a decline in TFP and in part to a decline in sentiments.

Their low forecast of TFP will then lead them to supply less labor, save less, and induce a contraction

in output. In particular, since the capital prices in both countries fall together, households will not

be able to identify whether the drop in TFP or in sentiments comes from the home or the foreign

country. Households in both countries will face this same �confusion�. By symmetry, households in

the two countries will supply similar amounts of labor, resulting in the synchronization of output,

employment, and asset prices across countries. That is, perceived synchronization across countries
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by traders will lead to the actual synchronization.

We view our informational channel for a global recession as an addition to the existing literature

on the international synchronization of business cycles during �nancial crises. While the theory

of international synchronization proposed by Perri and Quadrini (2013) is useful to explain such

synchronization among industrial countries, it alone cannot explain why many emerging countries

with heavy capital controls can also su¤er a deep recession. Chudik and Fratzscher (2012) �nd

that the tightening of �nancial conditions is the key transmission channel only for the advanced

economies in spreading the crisis. For emerging countries contagion via informational signals, driven

in part by sentiments, can also be an important channel of synchronized cycles.

Finally, we extend our baseline model to a dynamic setting of an overlapping generations (OLG)

model. The OLG economy is dynamically linked across periods by capital accumulation, so i.i.d.

sentiment shocks can generate persistent �uctuations in output and unemployment. As persistence

is a de�ning feature of all business cycles, this extension illustrates that sentiments also hold

the promise of explaining the persistence in real data. While building a full DSGE model and

confronting it with data is beyond the scope of this paper, we hope that the mechanisms developed

in this paper can lay the ground for such work.

Our paper relates to several strands of literature. First, our paper adds to the growing recent

literature that studies the feedback e¤ects from �nancial markets to the real side of the economy

due to informational frictions. A number of contributions to this literature use a partial equilibrium

model to study one �rm or a de-facto-one-�rm aggregate economy. For example, a �rm manager

obtains information about the return of his own �rm�s investment (typically exogenously given)

from �nancial markets. Bond, Edmans and Goldstein (2012) provide an extensive survey of this

literature. By contrast, in our model with a general equilibrium framework, agents form expecta-

tions and undertake investments based on information from �nancial markets about the aggregate

state of the economy, rather than about individual �rms.

Our paper is closely related to Angeletos, Lorenzoni and Pavan (2010) and Goldstein, Ozdenoren

and Yuan (2013). These papers also study the interaction between the real sector and the �nancial

market. In Angeletos, Lorenzoni and Pavan (2010), information spillovers �ow from the real sector

to the �nancial sector. Entrepreneurs in the real sector base their asset investment decisions both on

noisy private signals about the asset return as well as on correlated sentiments of market optimism

or pessimism. Traders who then buy the assets from entrepreneurs infer the asset returns from the

aggregate investment volume. The aggregate selling volume conveys information about the asset

fundamentals and thus in�uences the asset price in the second stage, which in turn has a feedback

e¤ect on the real investment decisions and volume in the �rst stage. The authors then show

that the correlated market sentiments can a¤ect prices and investments by amplifying the noise in
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fundamentals, as well as by creating multiple market equilibria. Goldstein, Ozdenoren and Yuan

(2013) study information spillovers from the �nancial market to the real sector,2 as in our paper.

The speculators, who have some information about the �rm�s investment opportunities, trade �rm

shares in the �nancial market in the �rst stage. The �rm manager (capital provider) learns from the

market price and makes his investment decision in the second stage. The authors introduce noise

traders and focus on parameters that give a unique equilibrium. �Trading frenzies� can arise in

their model as the �rm manager optimally extracts information about investment returns from the

asset price driven by the speculators�correlated signals. Both these papers illustrate mechanisms

through which �nancial information frictions a¤ect and amplify real activities. Allen, Morris and

Shin (2006) also study market structures with sequential trading by di¤erentially informed short-

horizon traders who receive noisy public signals. They show that the public signal can indeed be

over-weighted by short-term traders interested in predicting average expectations relative to the

private information of �nal payo¤s, giving rise to a Keynesian beauty contest in market prices that

can systematically deviate from the average expectations of the fundamental underlying values.

Finally, Benhabib and Wang (2013) construct a sequential trading model without noise traders,

in which short term traders condition their trades both on private signals from fundamentals and

on sunspots. Investors purchase the assets in centralized markets using market prices to form

Bayesian expectations about �nal period returns. Benhabib and Wang (2013) show the existence

of a continuum of non-fundamental sunspot equilibria. Our paper di¤ers from Benhabib and Wang

(2013) as they abstract from real economic activities and do not address feedback e¤ects from

�nancial markets to the real economy arising from informational frictions.

Second, our paper is related to some other recent work on self-ful�lling business cycles, which

has generated renewed interest after the recent �nancial crisis.3 Perri and Quadrini (2011) use self-

ful�lling expectations to explain a global recession in a two-country model with �nancial integration.

In a �nancially integrated economy, �rms can borrow from either domestic or foreign lenders by

pledging their assets. The self-ful�lling credit crunch in one country becomes global, as otherwise

�rms can always resort to going elsewhere for funds, making the initial belief of a credit crunch in a

particular country irrational. Similarly, Bacchetta and Wincoop (2013) construct a new Keynesian

two-period-two-country model with both a �nancial and a trade linkage. The self-ful�lling beliefs

in their model rely on a real complementarity between future and current output. A belief of

low second-period output leads to high precautionary saving in the �rst period. As consumption

falls, output and pro�ts fall and bankruptcy rates increase, leading to low realized output in the

second period. With some minimum levels of �nancial and trade linkage, they show that a business

cycle downturn will be synchronized across countries. These papers do not, however, study the

2Also see Goldstein, Ozdenoren and Yuan (2011).
3Using an approach di¤erent from sunspot multiple equilibria, Angeletos and La�O (2012) also derive sentiment-

driven business cycles.
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two-way interaction between �nancial markets and the real economy emphasized in our paper.

In a closed-economy model, Benhabib, Wang and Wen (2012) study self-ful�lling business cycles

in a static model with dispersed information. Production �rms need to forecast both aggregate

demand and their idiosyncratic demand shock from market signals about the demand. A belief of a

high aggregate demand can become self-ful�lling as �rms attribute high aggregate demand to their

idiosyncratic demand shocks. Financial markets play no role in their model.

The paper is organized as follows. Section 2 lays out the baseline model and Section 3 presents

the equilibria. Section 4 generalizes the baseline model by allowing more general information

structures as well as shocks from the demand side. Section 5 studies the two-country model.

Section 6 extends the model to a dynamic economy setting. Section 7 concludes.

2 The Baseline Model

We start with a three-period benchmark model with a �nancial sector and a real sector. The �nan-

cial sector consists of a continuum of investors with unit mass. The real sector has a representative

competitive �rm and a continuum of households with unit mass. The investors live in periods 0

and 1 but only consume in period 1. Each investor is endowed with K0 = 1 unit of capital in

period 0. Investors trade capital in the �nancial market with price P0 in period 0. Each unit

of capital will allow its owner to receive R1 unit of dividend (�nal goods) in period 1, where R1

will be endogenized. The households live in periods 1 and 2 but only consume in period 2. The

households supply labor in periods 1 and 2 to the competitive �rm. The households use their wage

income in period 1 to purchase �nal goods (saving) and become the owners of capital in period 2.

The competitive �rm combines capital and labor to produce a �nal good that can be used both for

consumption and as new capital according to the production function

Yt = AtK
�
t N

1��
t ; (1)

where At is productivity (TFP), Kt is the �rm�s capital input and Nt is the �rm�s labor input in

period t = 1; 2. Capital fully depreciates after production in each period.

The Firm We �rst describe the �rm�s problem. The �rm solves a trivial problem. Let Wt and

Rt be the real wage and the rental price (dividend) of capital, respectively. The pro�t maximization

yields

Wt = (1� �)AtK�
t N

��
t ;

Rt = �AtK
��1
t N1��

t :
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Financial Market and Information Structure The �nancial market opens in period 0,

where the investors trade their capital among themselves based on their private information. Later

when we study the OLG model, it will be clear that trading capital is equivalent to trading �rm

(shares) value in the �nancial market.4 The only fundamental uncertainty in the economy is A2.

We assume that productivity A1 = 1 and logA2 = a2 are drawn from a normal distribution with

mean �1
2�

2
a and variance �

2
a. We assume that a2 is realized in period 2. But the investors receive

private signals about a2 with some noise. The households do not have private information about a2,

but they can extract some information about it from the price of capital. Later we will generalize

the information structure to allow a more general setting.

The investors We index investors by j. Investor j receives a private signal sj0 = a2 + "j in

period 0. Investor j sells 1�Kj1 capital in period 0 and hold Kj1 in the beginning of period 1. His

consumption in period 1 is hence

Cj1 = P0(1�Kj1) +R1Kj1:

The investor�s optimal capital holdings in period 0, Kj1, are given by

max
Kj1

E[ (R1 � P0)Kj1j
j0] (2)

where 
j0 = fa2 + "j ; P0g is the information set of investor j in period 0.

The households We index households by i. A household enjoys his consumption in period 2

and supplies labor to the �rm in both periods 1 and 2. The households�utility function is given by

Ui = Ci2 �
 

1 + 
N1+
i1 �  2

1 + 
N1+
i2

Household i�s budget constraints are

Ki2 =W1Ni1; (3)

Ci2 = R2Ki2 +W2Ni2: (4)

For simplicity, we assume that the households supply their labor inelastically in period 2, i.e.,

Ni2 = 1. This is automatically true if we assume  2 = 0. Allowing an elastic labor supply in

period 2 complicates the algebra but does not change the model results qualitatively. Denote


i1 = fR1;W1; P0g = 
1 as the information set of household i in period 1. Using the budget

4 In fact, our model result is exactly the same if we alternatively assume that an owner of capital is also the owner
of a �rm, who hires households to produce. In this case, the value of a �rm is also the capital income of the �rm�s
owner.
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constraints of (3) and (4), the households�labor decision in period 1 is given by

max
Ni1

E
�
R2W1Ni1 �

 

1 + 
N1+
i1 j
i1

�
: (5)

The �rst order condition of the investors�problem in (2) is

0 = E[ (R1 � P0) j
j0] (6)

and the �rst order condition of the households�problem in (5) is

 N
i1 =W1E[R2j
i1]: (7)

We also have

W1 = (1� �)A1K�
1N

��
1 , R1 = �A1K

��1
1 N1��

1 (8)

and

W2 = (1� �)A2K�
2 , R2 = �A2K

��1
2 (9)

With the above �rst order conditions, we are ready to de�ne an equilibrium formally.

3 Equilibrium

De�nition 1 An equilibrium is a set of price functions P0 = P0(a2);W1 =W1(a2); R1 = R1(a2);W2 =

W2(a2); R2 = R2(a2), and the optimal capital holdings Kj1 = K1(a2+ "j ; P0) for the investors, and

Ki2 = K2(R1;W1; P0) for the households in period 2 and their labor choices Ni1 = N1(R1;W1; P0)

such that: 1) Equations (6) to (9) are satis�ed; 2) All markets clearZ
Kj1dj = 1;Z
Ni1di = N1Z
Ki2di = K2

We are now ready to characterize the equilibrium. Noticing that the households are homogenous

and have the same information set, i.e., 
i1 = 
1, we therefore focus on the symmetric equilibrium

where Ni1 = N1. Finding the equilibrium involves solving for the key endogenous variable N1 from

equation (7). So we �rst solve W1 and R2 and express them in terms of N1. The following steps

solve the equilibrium.
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1. Given K1 = 1 and N1, we have

R1 = �K��1
1 N1��

1 = �N1��
1 ;

W1 = (1� �)K�
1N

��
1 = (1� �)N��

1 .

2. The capital in period 2 is given by the labor income in period 1. Hence we have

K2 =W1N1 = (1� �)N1��
1 .

3. We then express R2 in term of N1:

R2 = �A2K
��1
2 = A2�

�
(1� �)N1��

1

���1
.

4. In a symmetric equilibrium where Ni1 = N1, equation (7) becomes

 N
1 = (1� �)N

��
1 E[A2�

�
(1� �)N1��

1

���1 j
i1]
or

N
+1�(1��)�
1 =  �1�(1� �)�E [A2j
1] .

5. We normalize  �1�(1� �)� = 1 and denote � = 1
+1�(1��)� and thus obtain

N1 = fE [A2j
1]g� = fE [A2jP0]g� . (10)

Notice that 
1 is equivalent to fP0g as R1 and W1 both are a function of N1.

6. Finally, the price P0 should be consistent with the investors�rational expectations, namely

P0 = �E
�
N1��
1 j
j0

�
= �E

�
N1��
1 ja2 + "j ; P0

�
. (11)

Equations (10) and (11) are the two key equations that characterize the equilibrium. Equation

(10) says that the households� labor supply depends on their expectation on the real aggregate

TFP shock, A2. The �nancial market a¤ects the real economy through the information channel

as the households try to learn A2 from the �nancial price. Equation (11) states that the price of

capital depends on the marginal product of capital, which in turn depends on the real economic

activities, the aggregate labour supply N1. The price of capital in the �nancial market is higher

if the investors expect an increase in the real activities. Such a two-way feedback can generate

rich complementarities between the �nancial sector and the real sector and may result in multiple

equilibria. Since solving for other variables such asW1, K2 and Y2 are straightforward via steps 1-4,
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we will mainly focus on solving N1 and P0 in what follows. We will show three types of equilibria

of the model.

3.1 Fully-revealing Equilibrium

We �rst study an equilibrium where the �nancial price, P0, fully reveals the fundamental uncertainty

a2. We call this equilibrium the fully revealing rational expectations equilibrium. We have the

following proposition.

Proposition 1 There exists a fully revealing equilibrium in which

logP0 = log�+ (1� �)�a2, (12)

and

logN1 = �a2. (13)

Proof. Proof is straightforward. It is easy to see that equations (10) and (11) both hold.

Equation (12) states that the capital price in period 0 e¢ ciently aggregates all private informa-

tion by noting a2 =
R 1
0 sj0dj =

R 1
0 (a2 + "j) dj. Even though each investor j in period 0 gets a noisy

private signal sj0 about a2, which may be high or low, investors act as if they ignore their signal. In

fact, if each investor believes that the dividend R1 in the next period depends on a2, competition

in period 0 will result in that in equilibrium the price must fully reveal a2. Otherwise individual

investors will respond to their private information, so the information set 
j0 to infer a2 will be

heterogeneous across investors, which then means that (11) cannot be true for all investors. Those

who think P0 is too low will take unbounded long positions and those who think P0 is too high

will keep selling short, so an equilibrium cannot be reached. Since the �nancial price fully reveals

a2, the households face no uncertainty in deciding their labor supply in period 1. As a result, their

labor choice is N1 = exp(�a2). Since R1 = �N1��
1 , the capital dividend indeed depends on a2

and it veri�es the investors�initial beliefs. Hence, (12) and (13) constitute a rational expectations

equilibrium.

For the fully-revealing equilibrium, the output in periods 1 and 2 is

log Y1 = (1� �) logN1 = (1� �) �a2

and

log Y2 = log fA2 [(1� �)Y1]�g = a2 + � [log(1� �) + (1� �) �a2] ,

respectively.
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3.2 Non-revealing Equilibrium

However, there also exists a non-revealing equilibrium where the capital price does not reveal

information about a2 at all. We characterize such an equilibrium in the following proposition.

Proposition 2 There exists a non-revealing equilibrium in which

logP0 = log�

and

logN1 = 0.

Proof. The proof is straightforward and hence omitted.

If investors in period 0 think that the households�labor supply is N1 = 1 and hence the dividend

per unit capital R1 = �N1��
1 is independent of a2, each investor�s own signal sj0 = a2 + "j then

becomes irrelevant. The competition in the �e¢ cient� �nancial market then drives P0 = R1 =

�N1��
1 = �. Under such a price the households can learn no information about a2 from the capital

price, and thus by equation (10) their labor supply is determined by the unconditional mean of A2,

which by our assumption is one. Hence, N1 = 1 or logN1 = 0. Again, the investors�initial belief

that N1 = 1 is veri�ed.

For the non-revealing equilibrium, the output in periods 1 and 2 is

log Y1 = (1� �) logN1 = 0

and

log Y2 = log fA2 [(1� �)Y1]�g = a2 + � log(1� �),

respectively.

3.3 Sentiment-Driven Fluctuations

We now show that there are other types of equilibria in our model. We call them sentiment-driven

equilibria. Suppose that the investors in the �nancial market also observe a non-fundamental

shock, z � N(0; 1), which is a¤ected by their sentiment or psychology. We assume that z and a2

are independent. That is, the information set in period 0 becomes 
j0 = fP0; a2+"j ; zg. Of course,
the fully-revealing equilibrium and the non-revealing equilibrium analyzed above are still equilibria

under the new information structure. We are interested in an equilibrium in which the price takes
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the form logP0 = �p+ log�+ (1� �) (�a2 + �zz) and labor in period 1 is logN1 = �n+ �a2 + �zz,
where �p, �n; �; �z are coe¢ cients to be determined. That is, in such an equilibrium sentiments

matter. We have the following proposition.

Proposition 3 There exists a continuum of equilibria indexed by 0 � �2z � �2

4 �
2
a, in which the

price P0 is given by

logP0 = �p+ log�+ (1� �) (�a2 + �zz); (14)

and

logN1 = �n+ �a2 + �zz (15)

where

� =
�

2
�

q
�2�2� � 4�2z
2��

; (16)

and �p = �n = 0.

Proof. See Appendix.

When investors perceive that logN1 = �a2+�zz, the dividend per unit capital, R1, is a¤ected by

not only the fundamental shock a2 but also by the sentiment z. Competition in the �nancial market

in period 0 will then drive the price to P0 = R1 = �N1��
1 . Under such a price, investors, regardless

of their own signal of a2, are happy to trade. Intuitively, again, the �e¢ cient�market price crowds

out any private learning for the investors. However, for the households, now the price P0 can

only partially reveal the fundamental shock a2. The households face a signal extraction problem,

using the price to forecast a2. The actual labor supply will then be a function of P0. The relative

importance of the fundamental shock and the sentiment shock has to satisfy some restrictions so that

the actual labor supply is exactly the same as the perceived labor supply. This explains condition

(16). When condition (16) holds, the initial belief of the investors that logN1 = �a2+�zz is veri�ed.

To see this, the actual labor supply is given by logN1 = �
�
E [a2j�a2 + �zz] + 1

2var(a2j�a2 + �zz)
	
,

which can be calculated as logN1 =
���2a

�2�2a+�
2
z
(�a2 + �zz). We have

���2a
�2�2a+�

2
z
= 1 by rearranging (16).

Therefore, P0 and N1 de�ned in equations (14) and (15) indeed constitute a rational expectations

equilibrium.

For the sentiment-driven equilibria, the output in periods 1 and 2 is

log Y1 = (1� �) logN1 = (1� �) (�a2 + �zz)

and

log Y2 = log fA2 [(1� �)Y1]�g = a2 + � [log(1� �) + (1� �) (�a2 + �zz)] ,

respectively.
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The sentiment-driven �uctuation studied in this subsection links the Keynesian notion of �beauty

contests�and �animal spirits�. What matters to an individual investor is not his own assessment

on the fundamental a2, but his conjecture about the actions of other investors, as in the standard

beauty contest game. This comes about because of the feedback from the second stage (period 1)

to the �rst stage (period 0), generating endogenous complementarities between actions of investors.

At the same time, the sentiment shocks in the �nancial market a¤ect the real economy through the

price of assets and generate �uctuations in aggregate demand as if they were driven by �animal

spirits�.5

4 Discussions

4.1 More General Information Setting

We now examine the robustness of our results to alternative information structures. We show that

the sunspot or sentiment-driven equilibria are robust to the generalized information structures. For

expositional convenience, we repeat the equilibrium conditions of (10) and (11) here:

N1 = fE [A2j
i1]g� (17)

P0 = �E
�
N1��
1 j
j0

�
: (18)

4.1.1 Heterogeneous but Correlated Sentiments

In the main setup, we assume that each investor receives a noisy signal about the fundamental a2,

that is, sj0 = a2+"j . Now we assume that the sentiment or sunspot shock z to each investor is also

noisy, that is, the sentiment shock is heterogeneous but correlated across investors. Speci�cally, we

assume that the information set in period 0 for a particular investor j is 
j0 = fP0; a2+ "j ; z+ �jg
with noise on z, where �j � N(0; �2�) and cov("j ; �j) = 0. The information set of the households in

period 1 does not change, that is, 
j1 = fP0; R1;W1g.

This alternative information structure does not change the result of the sunspot or sentiment-

driven equilibria in Section 4.3. In fact, under the alternative information structure, the combina-

tion of (14), (16) and (15) still satis�es conditions (17) and (18) by noting that

E [A2jP0; a2 + "j ; z + �j ] = E [A2jP0] (19)

5 In our model setup with asymmetric consumption periods (of investors and households), there are two frictions:
the limited participation friction as in a typical OLG model and the information friction. If we focus on the second
friction only, we are able to prove that the second best constrained e¢ ciency corresponds to the fully-revealing
equilibrium and the sentiment-driven equilibria are welfare reducing, which gives the welfare implication of the
sentiment-driven �uctuations.
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The reason for (19) is similar to that in the previous section: the �e¢ cient�price washes out the

noise of �j as well as "j . Intuitively, the price, given by (14), has already incorporated all private

information and re�ects a2 and z, and hence any noises on top of a2 and z have no value in terms

of informativeness. In other words, no investor has a private information advantage when the price

is a function of a2 and z.

4.1.2 Households Having Information About Fundamentals and Sunspots

First, we assume that not only investors but also households receive signals about A2. We show

that our result of sentiment-driven equilibria is robust to this alternative information structure.

Speci�cally, we assume that the information set for investors in period 0 is 
j0 = fP0; aI2 + "j ;

z + �jg and the information set for households in period 1 is 
i1 = fR1;W1; P0; a
H
2 + vig, where

sj0 = aI2+"j is the private signal about a2 received by investor j in period 0 and si1 = aH2 +vi is the

private signal about a2 of household i in period 1. We assume that cov(a2; aI2) > 0, cov(a2; a
H
2 ) > 0

and cov(aI2; a
H
2 ) = 0. For instance, a2 = !aI2 + (1� !) aH2 , with 0 < ! < 1 and cov(aI2; a

H
2 ) = 0,

satis�es the assumptions. Without loss of generality, we assume that a2 = aI2 + aH2 . In addition,

we assume the unconditional distributions that aI2 � N(�1
2�

2
I ; �

2
I) and a

H
2 � N(�1

2�
2
H ; �

2
H).

Under the above alternative information structure, we have the following proposition.

Proposition 4 There exists a continuum of sunspot equilibria indexed by 0 � �2z � �2

4 �
2
I , in which

the price P0 is given by

logP0 = log�+ (1� �) (�aI2 + �zz); (20)

and

logW1 = log(1� �)� �
��
�aI2 + �zz

�
+ �aH2

�
; (21)

logN1 =
�
�aI2 + �zz

�
+ �aH2 ; (22)

where

� =
�

2
�

q
�2�2I � 4�2z
2�I

; (23)

Proof. See Appendix.

The intuition behind Proposition 4 is similar to that of Proposition 3. When households decide

their labor supply, they need to forecast a2 = aI2 + aH2 . They can infer a2 through three pieces of

information: �nancial price P0, wage W1 and their own signal si1 = aH2 + vi. Wage W1 e¢ ciently

aggregates all private signals, si1, to clear the labor market. This can be understood by noting that

13



the total labor demand is Nd
1 =

�
W1
1��

�� 1
�
, which only depends on the wage. The household labor

supply is characterized by some function N s
1 such that N

s
i1 = N s

1 (W1; a
H
2 + vi; P0). The market

clearing condition requires Nd
1 =

R
N s
1 (W1; a

H
2 + vi; P0)di, which means W1 = W (P0; a

H
2 ) for any

function N s
1 . Since households knows P0, they can infer a

H
2 perfectly from W1.

We can further generalize the information structure by allowing investors� and households�

signals on A2 to be correlated. In addition, we can allow households to also receive some information

about sunspots and their signals on sunspots to be correlated with investors�. Speci�cally we assume

that a2 = aI2 + d + aH2 , where d is a random variable independent of a2 and d � N(�1
2�

2
d; �

2
d); a

I
2

and aH2 have the unconditional distributions as previously speci�ed with cov(a
I
2; a

H
2 ) = 0. Similarly,

we assume that z = zI + �+ zH , where zI , � and zH all have the standard normal unconditional

distribution, and cov(z; �) = 0 and cov(zI ; zH) = 0. The information set for investors is assumed

to be 
j0 = fP0; aI2 + d + "j ; z
I + � + �j ; d; �g and the information set for households is 
i1 =

fR1;W1; P0; a
H
2 + d + vi; z

H + � + & i; d; �g, where & i � N(0; �2& ). In other words, the signals on

both a2 and z are correlated across investors and households, where d and � represent common

information for investors and households. Under this alternative information structure, we show

that there exists an continuum of sunspot equilibria indexed by 0 � �2z � �2

4 �
2
I , with

logP0 = log�+ (1� �) (�aI2 + �zzI + �d),

logW1 = log(1� �)� �
��
�aI2 + �zz

I + �d
�
+ �aH2

�
,

logN1 =
�
�aI2 + �zz

I + �d
�
+ �aH2 ,

where � is given by

� =
�

2
�

q
�2�2I � 4�2z
2�I

.

The proof is very similar to that of Proposition 4 and hence is omitted. A conclusion we can draw

is that as long as the investors have some private information there exist sunspot equilibria, even if

the households receive sunspot and fundamental signals correlated with the private signals of the

investors. So without loss of generality, in the following sections, we assume that only investors

have information about the fundamental shock A2 and the sunspot z:

4.2 Demand Shocks

In this subsection, we show that sentiment-driven equilibria are robust to the case in which the

fundamental shocks come from the demand side. We slightly change the setup in the benchmark

model. Speci�cally, we assume that there is no uncertainty on A2 and A2 = 1, and instead there is

14



a preference shock for households in period 2 whose utility function is given by

Ui = exp (�) � Ci2 �
 

1 + 
N1+
i1

where � is a random variable with distribution � � N(�1
2�

2
� ; �

2
�). Likewise, the investors�utility

changes to Uj = exp (�) � Cj1. Investor j solves

max
Kj1

E[ exp (�) � [P0(1�Kj1) +R1Kj1] j
j0]

As in the baseline model, we assume that only investors have private information regard �. In

particular, investor j receives a private signal sj0 = � + "j in period 0, that is, the information set

of investor j in period 0 is 
j0 = f� + "j ; P0g. The information set in period 1 does not change,
i.e., 
i1 = fR1;W1; P0g = 
1. In this case, the households�labor decision in period 1 is given by

max
Ni1

E
�
exp (�) �R2W1Ni1 �

 

1 + 
N1+
i1 j
i1

�
:

Equilibrium conditions (10) and (11) are respectively replaced by

N1 = fE [exp (�) j
1]g� = fE [exp (�) jP0]g�

and

P0 = �
E
�
exp (�)N1��

1 j
j0
�

E [exp (�) j
j0]
= �E

�
N1��
1 j� + "j ; P0

�
;

where the second equality follows by the law of iterated expectations.

Under this alternative setup, it is easy to show that there exists a continuum of equilibria

indexed by 0 � �2z � �2

4 �
2
� , in which the price P0 is given by

logP0 = log�+ (1� �) (�� + �zz);

and

logN1 = �� + �zz;

where � = �
2 �

q
�2�2��4�2z
2��

. This equilibrium is identical to the equilibrium in Proposition 3; the

only di¤erence is that a2 is replaced by � and �2a is replaced by �
2
� .

5 A Two-Country Model

We now extend our baseline model to two countries to study the international comovement. Output

tends to be highly correlated across the U.S. and the remaining major industrialized countries. Yet
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standard international real business cycle models have great di¢ culty in explaining this fact (see

the survey on international RBC models by Backus et al. (1995) and Baxter (1995)). A prominent

feature of the great recession is that it is global. Perri and Quadrini (2013) documented that all

major industrialized countries experienced extraordinarily large and unprecedentedly synchronized

contractions in output and asset prices. Explaining such an unprecedented degree of international

synchronization is di¢ cult for the standard international RBC models without resorting to some

global shocks. The purpose of the two-country extension here is to show that our sentiment-driven

equilibrium can generate fully synchronized �uctuations in unemployment and asset prices even

though each country faces its own productivity and sentiment shocks.

Our model economy consists of two symmetric countries ` = h and f , linked by international

trade. In each country, the �nal goods in home country is produced by

Yt =

�
Xht
�

�� � X�
ht

1� �

�1��
; (24)

where X�
ht is the imported material (intermediate) goods from the foreign country. So each inter-

mediate goods �rm in the two countries serves the markets of both countries: providing material

goods to the domestic �nal goods �rms as well as the foreign �nal goods �rms.

The investors only consume the domestic �nal goods in period 1. The households only consume

the domestic �nal goods in period 2 and their utility function is given by

Ui = Ci2 �
 

1 + 
N1+
i1 ;

where Ci2 is the consumption on the �nal goods in period 2.

We normalize the �nal goods price to be 1 in each country and let et denote the price of

foreign �nal goods in terms of home �nal goods (the real exchange rate). Taking advantage of the

symmetry, we just need to describe the home country. We assume that � > 1
2 to represent the

well-known home bias in international trade.

The representative �nal goods �rm in the home country solves

max
Xht;X

�
ht

�
Xht
�

�� � X�
ht

1� �

�1��
� PhtXht � etPftX�

ht: (25)

where Pht is the price of the home intermediate goods in period t in the home country and Pft

is the price of the foreign intermediate goods in period t in the foreign country. Because of the

constant-returns-to-scale production function, the �rm makes zero pro�t and thus

Yt � 1 = PhtXht + etPftX
�
ht
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By the property of the Cobb�Douglas production function, we have

PhtXht = �Yt; (26)

etPftX
�
ht = (1� �)Yt: (27)

Let Xt be the total production of intermediate goods in the home country in period t. The

intermediate goods is produced by competitive �rms using domestic capital and labor according to

the production function

Xt = AtK
�
t N

1��
t : (28)

The �rst order conditions of (28) with respect to Kt and Nt are

Rt = �PhtAtK
��1
t N1��

t ; (29)

Wt = (1� �)PhtAtK�
t N

��
t

respectively.

Since there are no �nancial assets traded between the two countries, trade has to be balanced.

The home country exports total Xt�Xht home intermediate goods and imports X�
ht foreign inter-

mediate goods, so balanced trade leads to

Pht(Xt �Xht) = etPftX
�
ht; (30)

or

PhtXt = PhtXht + etPftX
�
ht = Yt (31)

The second equality in (31) follows (26) and (27). Combining (31) and (26) yields

Xht = �Xt: (32)

Exploiting the symmetry between the two countries, we also obtain

X�
ht = (1� �)X�

t : (33)

Using (31) and substituting (32) and (33) into (24), we have

Pht =
Yt
Xt

=

�
X�
t

Xt

�1��
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Using (27) and substituting with (33) and PftX�
t = Y �t also yield

et =
(1� �)Yt
PftX

�
ht

=
(1� �)Yt
(1� �)Y �t

=
Yt
Y �t

Finally, by substituting (32), (33) and (28) into (24), we obtain

Yt =

�
Xht
�

�� � X�
ht

1� �

�1��
= X�

t X
�1��
t

=
�
AtK

�
t N

1��
t

�� �
A�tK

��
t N�1��

t

�1��
(34)

As in the benchmark model, we assume that A1 = 1 and A�1 = 1; the only fundamental uncertainty

in the economy is productivity level in period 2, namely A2 and A�2.
6

The investors in period 0 trade capital to solve

max
Kj1

E [P0 + (R1 � P0)Kj1jP0; a2 + "j ; P �0 ; z] ; (35)

where P0 is the capital price in home country and P �0 is the capital price in the foreign country.

We assume that investors also receive a private signal regarding domestic productivity a2 plus a

sentiment shock z in the home country. That is, 
1 = fP0; a2 + "j ; P
�
0 ; zg and 
�1 = fP �0 ; a�2 +

"�j ; P0; z
�g. Equation (35) yields

P0 = E [R1jP0; a2 + "j ; P �0 ; z] ;

and by symmetry

P �0 = E
�
R�1jP �0 ; a�2 + "�j ; P0; z�

�
.

The labor decision in period 1 is given by

 N
1 = W1E[R2j
1] (36)

 N�
1 = W �

1E[R�2j
�1]; (37)

where 
1 = fP0;W1; R1; P
�
0 g, and 
�1 = fP �0 ;W �

1 ; R
�
1; P0g. The budget constraints of the households

imply

K2 = W1N1 = (1� �)Y1 (38)

K�
2 = W �

1N
�
1 = (1� �)Y �1 . (39)

6Also, we assume that the households supply their labor inelastically in period 2, that is, N2 = 1 and N�
2 = 1, as

in the baseline model.
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To characterize all equilibrium variables, we will determine N1 and N�
1 �rst. Normalize  

�1�(1�

�)� = 1 as in the baseline model in (10) and let � = 1
+1��(1��)(2�2�2�+1) and ! = �2�� (1� �) (1� �).

We have the following proposition regarding equilibrium N1 and N�
1 .

Proposition 5 Equilibrium N1 and N�
1 jointly satisfy

N1 = N�!
1

n
E[A�2A

�1��
2 jP0;W1; R1; P

�
0 ]
o�
, (40)

N�
1 = N!

1

n
E[A��2 A

1��
2 jP �0 ;W �

1 ; R
�
1; P0]

o�
, (41)

where P0 and P �0 are given by

P0 = �E
h�
N1��
1

�� �
N�1��
1

�1�� jP0; a2 + "j ; P �0 ; zi , (42)

P �0 = �E
h�
N�1��
1

�� �
N1��
1

�1�� jP �0 ; a�2 + "�j ; P0; z�i , (43)

respectively.

Proof. See Appendix.

There exist three types of equilibria in the model as in the baseline case.

5.1 Fully-revealing Equilibrium

In the fully-revealing equilibrium, sentiments do not matter. In addition, the households can per-

fectly infer two fundamental shocks after observing two asset prices: P0 and P �0 . Then households

in both countries face no uncertainty in deciding their labor supply. The following proposition

characterizes the fully-revealing equilibrium.

Proposition 6 There exists a fully-revealing equilibrium in which the capital prices are given by

p0 = logP0 = log�+ �ha2 + �fa
�
2;

p�0 = logP �0 = log�+ �ha
�
2 + �fa2

and the labor supplies are

n1 = logN1 = �ha2 + �fa
�
2;

n�1 = logN�
1 = �ha

�
2 + �fa2:

where �h =
�(1��)
1�!2

h
2 (1� �) �! + �2 + (1� �)2

i
, �f =

�(1��)
1�!2

h�
�2 + (1� �)2

�
! + 2 (1� �) �

i
,

�h =
�

1�!2 [(1� �)! + �] and �f =
�

1�!2 [�! + (1� �)].
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Proof. The proof is straightforward.

Notice that as long as � 6= 1
2 , we have that �h � �f =

�(1��)
1+! (1 � 2�)2 6= 0. So house-

holds can perfectly infer a2 and a�2 from prices. Formally, a2 =
�h(p0�log�)��f (p�0�log�)

�2h��2f
and

a�2 =
�h(p

�
0�log�)��f (p0�log�)

�2h��2f
.

In this fully-revealing equilibrium, the output in the two countries in period 1 is given by

y1 = log Y1 = (1� �) [�n1 + (1� �)n�1]

y�1 = log Y �1 = (1� �) [�n�1 + (1� �)n1]

Due to international trade, the output in the �rst period is correlated even if corr(a2; a�2) = 0.

However, the comovement is weak when � is close to 1. In the limiting case

lim
�!1

cov(y1; y
�
1) = 0,

by noting

lim
�!1

! ! 0, lim
�!1

�h = lim
�!1

� = �, and lim
�!1

�f ! 0,

where � is de�ned in (10). Since matching the small bilateral trade to GDP ratio means a large �,

explaining international comovements is di¢ cult.

Once we obtain n1 and n�1, it is straightforward to derive other variables. In period 1,

logPh1 = (1� �)(1� �)(n�1 � n1)

and the real exchange rate is

log e1 = y1 � y�1.

In period 2, the output is

y2 = log Y2 = � log(1� �) + [�a2 + (1� �) a�2] + � [�y1 + (1� �) y�1]

y�2 = log Y �2 = � log(1� �) + [�a�2 + (1� �) a2] + � [�y�1 + (1� �) y1] .

5.2 Non-revealing Equilibrium

In the non-revealing equilibrium, the prices of capital in the two countries are

logP0 = logP �0 = log

"
�
n
E[A��2 A

1��
2 ]

o�(1��)
1�!

#

= log�+
� (1� �)
1� ! � (� � 1)�2�
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and the labor supplies are

logN1 = logN�
1 =

�

1� ! log
h
E
�
A�2A

�1��
2

�i
=

�

1� !� (� � 1)�
2
�:

In addition, we have that Ph1 = 1, e1 = 1 and

log Y1 = log Y
�
1 = (1� �)

�

1� !� (� � 1)�
2
�

and

log Y2 = � log(1� �) + [�a2 + (1� �) a�2] + �
�
(1� �) �

1� !� (� � 1)�
2
�

�
log Y �2 = � log(1� �) + [�a�2 + (1� �) a2] + �

�
(1� �) �

1� !� (� � 1)�
2
�

�
.

The intuition for the non-revealing equilibrium is similar to the previous closed-economy model.

If investors believe that the labor supply of households in the two countries in period 1 is the same

and independent of fundamental shocks and sentiments, they will believe that dividend per unit of

capital, R1 and R�1, in the two countries also becomes the same and independent of fundamental

shocks and sentiments. As a result, competition in the �nancial market will drive the capital prices

to P0 = R1 = R�1 = P �0 . This, in turn, means that households in both countries will have no

information about sentiments and productivity shocks. They will supply their labor according to

the unconditional mean of A2 and A�2. The initial beliefs of investors are hence self-ful�lling.

5.3 Sentiment-Driven Comovement

We now consider the sentiment-driven equilibrium. Parallel to the case in the closed economy, we

have the following proposition.

Proposition 7 There exists a continuum of equilibria indexed by 0 � �2z �
�2�2a

16(1�!)2 , in which

logP0 = logP
�
0 = p+ (1� �) [�(a2 + a�2) + �z(z + z�)] (44)

logN1 = logN
�
1 = n+ �(a2 + a

�
2) + �z(z + z

�) (45)

log Y1 = log Y
�
1 = (1� �) [�(a2 + a�2) + �z(z + z�)]

where

� =
��2a �

q
(��2a)

2 � 16 (1� !)2 �2a�2z
4 (1� !)�2a

(46)
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and

n =
�

2 (1� !)

��
�2 + (1� �)2 � 1

�
+

�2�2a
2�2�2a + 2�

2
z

�
�2a

p = log�+ (1� �)n.

That is, output as well as employment in period 1 in the two countries becomes fully synchronized.

Proof. See appendix.

The intuition behind the above proposition is as follows. Suppose the investors in each country

believe that the labor supply of the households is driven by global factors such as a2 + a�2 and

z + z�. Investors believe that the real economies in the two countries are fully synchronized and a

shock from one country has an equal impact on the home country and the foreign country. Thus,

they conjecture that R1 = �N1��
1 = �N�1��

1 = R�1. Competition in the market will then drive

P0 = R1 and P �0 = R�1. In this case, asset prices are fully synchronized. The households, on the

other hand, rationally understand that a2 and a�2 have a di¤erent impacts in their own country

(as long as � 6= 1
2). They need to solve a signal extraction problem by inferring a2 and a�2 from

the common price P0 = P �0 . However, because P0 = P �0 , households cannot distinguish the home

TFP shock from the foreign TFP shock from observing asset prices. Households in both countries

face the same confusion, so by symmetry, households in the two countries provide the same level

of labor. This means a perfectly synchronized labor supply across countries. So investors�initial

beliefs of perfect synchronization are veri�ed. Of course, for the actual labor supply to be equal

to the conjectured labor supply de�ned in equation (45), the relative importance of fundamental

shocks and sentiments has to satisfy a restriction given by (46).

The extreme case of � = 1 helps further highlight the intuition. Note that � = 1means that there

is no international trade linkage between the two countries. However, the perfect synchronization

of sentiment-driven equilibria in Proposition 7 still holds. Intuitively, investors in each country

�overreact�to the foreign shock. Although a�2 has no impact on the domestic economy at all, the

investors in the home country think it does, and in trading their capital they react to the foreign

asset price �a�2 + �zz
�. In this case, �a�2 + �zz

� essentially becomes another sunspot in addition

to z, that is, there are two sunspot shocks for the investors in the home country. By symmetry, if

investors in the foreign country also �overreact�to �a2 + �zz, the asset prices in the two countries

can become perfectly synchronized. The �overreactions�of investors in the two countries have real

impacts, and result in self-ful�lling equilibria. In this sense, sentiments in �nancial markets can

amplify the cross-country comovement.
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For the sentiment-driven equilibria, the output in period 2 is given by

log Y2 = � log(1� �) + [�a2 + (1� �) a�2] + � log Y1 (47)

log Y �2 = � log(1� �) + [�a�2 + (1� �) a2] + � log Y �1 . (48)

Because cov(y1; y�1) = 1, we have that cov(y2; y
�
2) is higher in the sentiment-driven equilibria than

in the fully-revealing equilibrium, for any given � and corr(a2; a�2). That is, the sentiment-driven

equilibria result in a stronger cross-country correlation in output in period 2, beyond what can be

explained by the correlation of TFPs in period 2.

It is easy to extend the information structure to allow imperfect comovement in period 1 for

the sentiment-driven equilibrium. The intuition is as follows. In the fully-revealing equilibrium

the comovement between two countries in period 1 is not perfect (as long as � 6= 1
2), while in the

sentiment-driven equilibria the comovement can be perfect. Thus, we can construct an information

structure to make an equilibrium that is a mix of the two equilibria above. Speci�cally, we can

assume that the TPF in period 2 in each country has two components: the observed component

and the unobserved component, that is, the log TFP in the home country is a2 + aO2 and in the

foreign country is a�2 + a�O2 . The information structure is 
0 =
�
P0; a2 + "j ; P

�
0 ; a

O
2 ; a

�O
2 ; z

	
, 
�0 =n

P �0 ; a
�
2 + "

�
j ; P0; a

O
2 ; a

�O
2 ; z�

o
, 
1 =

�
P0;W1; R1; P

�
0 ; a

O
2 ; a

�O
2

	
and 
1 =

�
P �0 ;W

�
1 ; R

�
1; P0; a

O
2 ; a

�O
2

	
,

which means that aO2 and a
�O
2 are public information for both countries from period 0. We also

assume that cov(aO2 ; a
�O
2 ) = 0. Hence, the TFPs in the two countries in period 2 are not perfectly

correlated. We can �nd sentiment-driven equilibria with asset prices and labor supplies respectively

as

p0 = logP0 = p+ (1� �) [�(a2 + a�2) + �z(z + z�)] + �haO2 + �faO�2
p�0 = logP �0 = p+ (1� �) [�(a2 + a�2) + �z(z + z�)] + �haO�2 + �fa

O
2

and

logN1 = n+ [�(a2 + a
�
2) + �z(z + z

�)] + �ha
O
2 + �fa

O�
2

logN�
1 = n+ [�(a2 + a

�
2) + �z(z + z

�)] + �ha
O�
2 + �fa

O
2 ,

where p, �, �z, �h, �f , n, �h are �f are coe¢ cients to be solved. In such equilibria, the output in

period 1 is

log Y1 = (1� �) [� logN1 + (1� �) logN�
1 ]

log Y �1 = (1� �) [� logN�
1 + (1� �) logN1]
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Therefore, it is easy to show that the asset prices as well as the real activities in the two countries

are not perfectly correlated.

6 The OLG Model

This section extends our baseline model to the OLG model. It serves two purposes. First, it shows

that our sentiment-driven equilibria are robust to a dynamic setting. Second, it illustrates that the

sentiment-driven �uctuations hold the promise to explain actual business cycle �uctuations, as the

sentiment shocks can generate persistent �uctuations in output and employment, a de�ning feature

of all observed business cycles.

Timeline In each period t, there are four stages:

Stage 1: The old generation of workers become capitalists (entrepreneurs) and a new generation

of workers is born. Capitalists and workers are informed of the history of At = fA�gt�=0.
Only capitalists receive private signals about At+1 to be realized in the next period.

Stage 2: Capitalists trade capital among themselves in a �nancial market before production based

on their private signals on At+1, the history information At, the sentiment shock zt; and the

capital price Pt.

Stage 3: Based on their capital stock, wage wt and productivity At, capitalists hire workers and

produce. Workers decide their labour supply. Workers obtain information about At+1 through

prices Pt and wt.

Stage 4: Capitalists consume and then die. Workers save their labour income for the next period

as their capital. The economy repeats stage 1 to 4 in the next period.

Capitalists (entrepreneurs) Let us �rst consider the problem of capitalist j who receives a

private signal sjt = logAt+1 + "jt. He solves

Vt("jt;Kt) = max
Kjt

E
�
CjtjPt; At; sjt; zt

�
(49)

where

Cjt = PtMjt +max
Njt

h
At(Kjt �Mjt)

�N1��
jt � wtNjt

i
:

In stage 2, the capitalist can sell Mjt � Kt to other capitalists and keeps Kt �Mjt for production.

In stage 3, the capitalist chooses to hire labour, Njt, and to produce with production function

Yjt = At(Kjt �Mjt)
�N1��

jt .
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We work by backward induction, from stage 3 to stage 2. In stage 3, given Kt;Mjt, wt and At,

capitalist j�s �rst order condition with respect to Njt is

Njt =

�
At(1� �)

wt

� 1
�

(Kjt �Mjt) (50)

and hence the revenue net of labour cost is

Cjt = PtMjt + �At

�
At(1� �)

wt

� 1��
�

(Kjt �Mjt): (51)

We then move to stage 2. Let Rt � �At

h
At(1��)
wt

i 1��
�
. It follows that

Vt("jt;Kjt) = E
�
CjtjPt; At; sjt; zt

�
= E [PtMjt +Rt(Kjt �Mjt)jPt; At; at+1 + "jt; zt]

Capitalist j�s �rst order condition with respect to Mjt is

Pt = E [RtjPt; At; at+1 + "jt; zt] : (52)

It follows that

Vt("jt;Kjt) = PtKjt: (53)

Workers Workers are assumed to be homogenous with utility function Ct+1 �  
N1+
t
1+ , where

Ct+1 is a worker�s consumption in period t + 1 and Nt is his labor supply in period t . Let Kt+1

be his saving at the end of period t. The worker will become an entrepreneur in the next period

with private information on s0t+1 = at+2+"
0. His expected consumption perceived at the beginning

of the next period is thus given by Vt+1("0;Kt+1) de�ned by equation (49). Equation (53) implies

Vt+1("
0;Kt+1) = Pt+1Kt+1. The worker�s problem thus can be written as

E[Pt+1Kt+1 �  
N1+
t

1 + 
jwt; Pt; At] (54)

with budget constraint

Kt+1 = wtNt:

The �rst order condition of (54) with respect to Nt is

 N
t = wtE [Pt+1jwt; Pt; At]

= wtE
�
E
�
Rt+1jPt+1; At+1; at+2 + "0

�
jPt; At;Kt

	
= wtE [Rt+1jPt; At;Kt] (55)
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The last equality in (55) follows by the law of iterated expectations. Also, in (55), since wt is a

function of Nt, the information set fwt; Pt; Atg is e¤ectively equivalent to fPt; Atg.

In equilibrium, we have Z
Mjtdj = 0:

As all the entrepreneurs start with the same level of capital, Kjt = wt�1Nt�1 = Kt. By (50), the

labor market equilibrium condition thus can be written as

Nt =

Z
Njtdj =

�
At(1� �)

wt

� 1
�

Kt: (56)

From the result in (51), the total production can be written as

Yt =

Z
At

�
At(1� �)

wt

� 1��
�

(Kjt �Mjt)dj =

�
At(1� �)

wt

� 1��
�

AtKt: (57)

Equations (56) and (57) together imply

Yt = AtK
�
t N

1��
t ,

wt = (1� �)AtK�
t N

��
t and Rt = �

Yt
Kt
: (58)

Capital evolves as

Kt+1 = (1� �)Yt = (1� �)AtK�
t N

1��
t : (59)

Equation (55) becomes

 N+1
t = �E [Yt+1jPt; At] = �E

n
At+1N

1��
t+1

�
(1� �)AtK�

t N
1��
t

�� jPt; Ato (60)

Finally, the capital price must be equal to the fundamental value, that is,

Pt = E [RtjPt; At; at+1 + "jt] = Rt; (61)

as in the benchmark model.

By normalizing  �1�(1 � �)� = 1 and recalling � = 1
+1�(1��)� de�ned in (10), we obtain a

key set of equations in equilibrium (we denote xt = logXt).

nt = ��at + �
2�kt + � logE [exp (at+1 + (1� �)nt+1) jpt; at; kt] (62)

kt+1 = log(1� �) + at + �kt + (1� �)nt (63)

pt = E [log�+ at + (1� �) (nt � kt) jpt; at; kt; at+1 + "jt; zt] (64)
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where (62) is from (60), (63) is from (59), and (64) is from (61). Here we have used the fact that

the relevant economy history up to period t can be summarized by at and kt.

We conjecture that equilibrium labor takes the form

nt = nc + 'at + �kt + (�at+1 + �zzt) ;

where nc, '; �; �, and �z are undetermined coe¢ cients. Proposition 8 summarizes the equilibria.

Proposition 8 There exists a continuum of equilibria indexed by 0 � �2z � �̂
2

4 �
2
a, in which the

price Pt is given by

pt = [log�+ (1� �)nc] + [1 + (1� �)'] at + (1� �) (� � 1) kt + (1� �) (�at+1 + �zzt) ,

and

nt = nc + 'at + �kt + (�at+1 + �zzt)

kt+1 = log(1� �) + at + �kt + (1� �)nt

yt = at + �kt + (1� �)nt

where

� =

h
1

(1��)2� �
�
1��

i
�
rh

1
(1��)2� �

�
1��

i2
� 4

�
�
1��

�2
2

;

' =
�� + (1� �)��
1� (1� �)2�� ;

� =
�̂ �

q
�̂
2 � 4�2z

�2a

2
;

and

nc =

�(1� �)� log(1� �) + 1
2��

2
a

266664
 

[(1� �)�]2

� [(1� �)�]

!

+
�
1� �

�̂

� (1 + (1� �)')2

� (1 + (1� �)')

!
377775+ 1

2�

 
[(1� �)�z]2

� [(1� �)�z]

!

1� �(1� �) [1 + �(1� �)] :

and we de�ne �̂ = �[1+(1��)']
1��(1��)2� .

Proof. See appendix.

The intuition is similar to that of our benchmark model. While at+1 directly a¤ects the workers�

return on savings, its e¤ect on existing entrepreneurs (old generation) is only through an indirect
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general equilibrium channel. If high sentiments lead entrepreneurs to speculate that the output and

hence the demand for capital will be high in period t, competition will drive up the capital price Pt.

After observing a high price Pt, the workers in period t need to solve a signal extraction problem,

leading them to attribute the high price Pt partially to high productivity in the next period. High

productivity in the next period increases their incentive to supply labor in the current period. So

indeed output and the demand for capital will be high in period t. The initial conjecture of the

existing entrepreneurs is veri�ed.

7 Conclusion

In this paper, we study how the �nancial sector can a¤ect the aggregate real economy through the

information channel. In the rational expectation framework, we show that investors�sentiments af-

fect �nancial market prices which in turn in�uence real activities. Because of the two-way feedback

between the �nancial sector and the real sector, a small sentiment shock in the �nancial market

can be ampli�ed, and can have a large impact on the real economy. The sentiment-driven equilibria

can also result in cross-country comovements in asset prices and real output. Under informational

frictions, investors�perceived synchronization across economies can lead to the actual synchroniza-

tion. In a dynamic economy, sentiment-driven �uctuations can also generate persistence in business

cycles.
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Appendix

A Proofs

Proof of Proposition 3: The �rst condition, (10), becomes

logN1 = � log fE [A2j�a2 + �zz]g

= �

�
E [a2j�a2 + �zz] +

1

2
var(a2j�a2 + �zz)

�
We have

E [a2j�a2 + �zz] = �
1

2
�2a +

��2a
�2�2a + �

2
z

�
�a2 + �zz +

1

2
��2a

�
;

and

var(a2j�a2 + �zz) = �2a �
�2�4a

�2�2a + �
2
z

:

Comparing coe¢ cients with the conjecture logN1 = �n+ �a2 + �zz yields

�a2 + �zz =
���2a

�2�2a + �
2
z

(�a2 + �zz) ;

or

1 =
���2a

�2�2a + �
2
z

; (A.1)

and

�n = �

�
�1
2
�2a +

��2a
�2�2a + �

2
z

1

2
��2a +

1

2
�2a �

1

2

�2�4a
�2�2a + �

2
z

�
= 0:

Solving (A.1) with respect to � gives

� =
�

2
�

q
�2�2� � 4�2z
2��

where 0 � �2z � �2

4 �
2
a.

Equation (11) becomes

logP0 = log�+ (1� �) logN1 = log�+ (1� �) (�a2 + �zz);

that is, �p = 0.

Proof of Proposition 4: We show that the combination of (20), (23) and (22) satis�es conditions

(17) and (18). Note that W1 is a function of N1, so given (22) we must have (21). First, because

W1 is in the form of (21), a household can infer aH2 perfectly by comparing W1 with P0. By the
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argument in section 4.1.1, the e¤ect of the information set of the households becomes the same

across households, namely 
i1 = 
1 = fR1;W1; P0; a
H
2 g. So households can make an identical

decision in period 1; that is, symmetric equilibrium among households, condition (17), still applies.

Condition (17) becomes

logN1 = � log
�
E
�
A2j�aI2 + �zz; aH2

�	
;

= �

�
E
�
a2j�aI2 + �zz; aH2

�
+
1

2
var(a2j�aI2 + �zz; aH2 )

�
= �

�
E
�
aI2 + a

H
2 j�aI2 + �zz; aH2

�
+
1

2
var(aI2 + a

H
2 j�aI2 + �zz; aH2 )

�
= �

�
E
�
aI2j�aI2 + �zz

�
+
1

2
var(aI2j�aI2 + �zz)

�
+ �aH2 (A.2)

We have

E
�
aI2j�aI2 + �zz

�
= �1

2
�2I +

��2I
�2�2I + �

2
z

�
�aI2 + �zz +

1

2
��2I

�
and

var(aI2j�aI2 + �zz) = �2I �
�
��2I

�2
�2�2I + �

2
z

Under condition (23), it is easy to verify that (A.2) becomes (22).

Next, we turn to the equilibrium condition of (18), which becomes

logP0 = log�+ logE
�
exp [(1� �) logN1] j�aI2 + �zz; aI2 + "j

�
= log�+ E

�
(1� �) logN1j�aI2 + �zz; aI2 + "j

�
+
1

2
var

�
(1� �) logN1j�aI2 + �zz; aI2 + "j

�
= log�+ E

"
(1� �)

 �
�aI2 + �zz

�
+�aH2

!
j�aI2 + �zz; aI2 + "j

#

+
1

2
var

 
(1� �)

 �
�aI2 + �zz

�
+�aH2

!
j�aI2 + �zz; aI2 + "j

!
= log�+ (1� �) (�aI2 + �zz)

This condition is true by (20).

Proof of Proposition 5: We �rst simplify equation (36) to

 N
1 =

(1� �)Y1
N1

E[
�Y2

(1� �)Y1
jP0;W1; R1; P

�
0 ] =

�

N1
E[Y2jP0;W1; R1; P

�
0 ]

30



Then we substitute Y2 by (34) and K2 = (1� �)Y1 = (1� �)N1��
1 to obtain

N+1
1 = E[A�2Y

��
1 A�1��2 Y

��(1��)
1 j
1]

=
h�
N1��
1

��
(N�1��

1 )1��
i�� h�

N�1��
1

��
(N1��

1 )1��
i�(1��)

E[A�2A
�1��
2 j
1]:

Re-arranging terms yields equation (40), and equation (41) follows from the symmetry.

Considering

R1 = �Y1 = �
�
N1��
1

�� �
N�1��
1

�1��
R�1 = �Y �1 = �

�
N�1��
1

�� �
N1��
1

�1��
,

we also obtain (42) and (43).

Proof of Proposition 7: First, given (44), the conjecture in equation (40) yields

logN1 =
�

1� ! logE
h
A�2A

�1��
2 j(�(a2 + a�2) + �z(z + z�)

i
Notice that

logE
h
A�2A

�1��
2 j(�(a2 + a�2) + �z(z + z�)

i
= E [�a2 + (1� �)a�2j(�(a2 + a�2) + �z(z + z�)]

+
1

2
var [�a2 + (1� �)a�2j(�(a2 + a�2) + �z(z + z�)]

where

E [�a2 + (1� �)a�2j(�(a2 + a�2) + �z(z + z�)]

= �1
2
�2a +

��2a
2�2�2a + 2�

2
z

�
�(a2 + a

�
2) + �z(z + z

�) + ��2a
�

and

var [�a2 + (1� �)a�2j(�(a2 + a�2) + �z(z + z�)]

=
�
�2 + (1� �)2

�
�2a �

�
��2a

�2
2�2�2a + 2�

2
z

Thus, by comparing coe¢ cients yields, we obtain

�(a2 + a
�
2) + �z(z + z

�) =
�

1� !
��2a

2�2�2a + 2�
2
z

[�(a2 + a
�
2) + �z(z + z

�)]
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or
�

1� !
��2a

2�2�2a + 2�
2
z

= 1:

and

n =
�

2 (1� !)

��
�2 + (1� �)2 � 1

�
+

�2�2a
2�2�2a + 2�

2
z

�
�2a

Second, given (45), it is easy to con�rm that �nancial prices are (44).

By symmetry, we can also verify the equilibrium for the foreign country.

Proof of Proposition 8: Given the price pt, the workers�e¤ective information set is fat; kt; �at+1+
�zztg. Equation (62) becomes

nt = ��at + �
2�kt + � logE [exp (at+1 + (1� �)nt+1) jkt; at; �at+1 + �zzt]

or

nt = ��at + �
2�kt +

1

2
��t + �E [at+1 + (1� �)nt+1jkt; at; �at+1 + �zzt] ,

where � = var(at+1 + (1� �)nt+1jkt; at; �at+1 + �zzt). We can calculate

nt = �(1� �) [nc + � log(1� �)] + 1
2
��

+ [�� + �(1� �)�] at +
�
�2� + �(1� �)��

�
kt

+�(1� �)2�nt

+�

�
�1
2
[1 + (1� �)']�2a +

[1 + (1� �)']��2a
�2�2a + �

2
z

�
�at+1 + �zzt +

1

2
��2a

��
:

Comparing terms regarding nt yields

� =
�2� + �(1� �)��
1� �(1� �)2�

or

� =

h
1

(1��)2� �
�
1��

i
�
rh

1
(1��)2� �

�
1��

i2
� 4

�
�
1��

�2
2

.

And ' is given by

' =
�� + (1� �)��
1� (1� �)2�� :

As for �, we have

1 = �
[1 + (1� �)']
1� �(1� �)2�

��2a
�2�2a + �

2
z

:
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We de�ne �̂ = �[1+(1��)']
1��(1��)2� . Thus,

1 = �̂
��2a

�2�2a + �
2
z

=) � =
�̂ �

q
�̂
2 � 4�2z

�2a

2
:

Once we have �, we can solve the constant nc.

nc =

�(1� �)� log(1� �) + 1
2��

2
a
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[(1� �)�]2

� [(1� �)�]

!

+
�
1� �

�̂

� (1 + (1� �)')2

� (1 + (1� �)')

!
377775+ 1

2�

 
[(1� �)�z]2

� [(1� �)�z]

!

1� �(1� �) [1 + �(1� �)] :

If we set �z = 0, then � has two solutions, 0 and �̂. It is easy to verify that the sentiment-driven

equilibrium in Proposition 8 is identical to the perfectly revealing equilibrium that corresponds to

�z = 0 and � = �̂ and is identical to the non-revealing equilibrium that corresponds to �z = 0 and

� = 0.
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