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1 Introduction

Uncertainty in both financial markets and the real economy rises sharply during recessions. The
recent financial crisis of 2007-2009 presented one of the most striking episodes of such heightened
uncertainty. The financial market uncertainty, measured by the VIX index, jumped by an astonish-
ing 313% in the Great Recession. The increase in measured real uncertainty was equally impressive.
For instance, the macroeconomic uncertainty measured in Jurado et al. (2015) almost doubled, and
Bloom et al. (2012) reports a 152% increase in the micro-level real uncertainty measured by the
firm-level dispersion of output. What causes such sudden spikes in uncertainty? Why do financial
uncertainty and real uncertainty move together? Why do they rise sharply in recessions? These
challenging questions are of central importance for understanding the interaction between financial
markets and the real economy. Despite a large and flourishing literature on uncertainty since the
pioneering work of Bloom (2009), these questions are still largely unanswered. The purpose of this

paper is to provide a theoretical framework to address these questions.

We develop a model of informational interdependence between financial markets and the real
economy, linking uncertainty to information production (or acquisition) and aggregate economic
activities. As the starting point of our theory, we argue that there exists mutual learning between
financial markets and the real economy. Their joint information productions determine both the
real production efficiency in the real sector and the price efficiency in the financial sector. As
an example, oil producing companies scrutinize oil future prices when they make their production
decisions, while the financial market studies the financial reports from these producing companies to
learn information when trading on oil futures. This mutual learning makes information production
in the financial sector and that in the real sector a strategic complementarity. A self-fulfilling surge
in financial uncertainty and real uncertainty can naturally arise when both sides produce little
information in anticipation that the other side will do so. At the same time, aggregate output falls

as the real production efficiency deteriorates.

We formalize the idea in an extended Grossman-Stiglitz (1980) model. Our key innovation
is that we introduce a real sector along the line of Dixit-Stiglitz (1980) — in our framework,
firms have to make investment decisions under imperfect information about two dimensions of
uncertainty: their idiosyncratic productivity and demand shocks. We start with one firm and
one financial market in our baseline partial equilibrium model for a given aggregate output. To
reduce uncertainty, the firm can learn about its idiosyncratic productivity shock by incurring a
cost, but it has to infer its demand shock from the information provided in the financial market
where speculators (or traders) have a comparative advantage in acquiring information about the
demand shock. In this context, the financial price is jointly determined by the firm’s information

production and thereby its disclosure and the demand information produced by financial market



speculators. To understand strategic complementarity in these two sources of information, first
consider that the firm makes more accurate information disclosure about its productivity shock.
The reduced uncertainty about the productivity shock attracts more informed traders and induces
more aggressively trading. Hence, information production on the demand shock in the financial
market increases. Conversely, suppose that the financial market becomes more informative about
the demand shock for some reason. The reduced uncertainty regarding the demand implies that the
stake is higher for better investment that is more closely aligned with the true realized productivity
shock. Hence, the firm has stronger incentives to acquire precise information about its productivity
shock.

As the marginal benefit of acquiring information for the firm depends on aggregate output
(besides financial price informativeness), the nature of equilibrium also crucially depends on the
level of aggregate output. When the aggregate output is sufficiently high, the resulting equilibrium
is unique in which the firm produces and discloses more precise information and the financial market
generates a more informative price signal. As a result, both financial and real uncertainty are low.
When the aggregate output is sufficiently low, not acquiring information is a dominant strategy for
the firm. Anticipating this, speculators in the financial market also have little incentive to acquire
information about the firm’s demand shock. The equilibrium is hence also unique. However, when
the aggregate output is in the intermediate range, the economy has two self-fulfilling equilibria.
The information produced by the firm and the information generated by financial market in one
equilibrium (the “good” equilibrium) are much more precise than those in the other equilibrium
(the “bad” equilibrium). Consequently, a sudden outburst of uncertainty can arise as a self-fulfilling

equilibrium phenomenon.

We then extend the baseline model to a macroeconomic general-equilibrium framework with
aggregate production to endogenize the aggregate output. The final consumption good is produced
with the inputs of a continuum of intermediate capital goods according to a Dixit-Stiglitz production
function. Each intermediate capital good is produced by one firm located on an island in the spirit
of Lucas (1972). We show that complementarity in information production exists between the
financial sector and the real sector within an island and between islands. The complementarity
between two islands arises from strategic complementarity in production between firms. When
information signals on some islands become noisier, the real investment decisions on those islands
become less efficient and consequently the aggregate output declines. This causes the aggregate
demand faced by other islands to drop. Thus, incentives to acquire information in the real sector
on those other islands are also reduced, which decreases information acquisition in their financial
sectors as well. The aggregate output hence declines further, which in turn affects those islands
experiencing the original shock. Similar to the partial equilibrium model, the economy may feature

two equilibria: a “good” equilibrium with more information production and higher real economic



activities, and a “bad” equilibrium with the opposite features.

Although our model is too stylized to be confronted with the actual data, it does explain,
qualitatively, several prominent features of macroeconomic fluctuations. First, our quantitative
exercise shows that with reasonable parameter values our model can generate a very large drop
in the aggregate-level output and investment in the absence of any aggregate shock. Second,
the measured uncertainty in both financial markets and the real economy has a sizable spike in
recessions. The residual uncertainty faced by firms and by financial investors increases substantially
when the economy shifts from the “good” to the “bad” equilibrium. Third, our model implies
that financial panics seemingly start with some gradual deterioration in economic fundamentals.
When the deterioration reaches a tipping point, uncertainty surges and the real economic activities

collapse.!

Our model has additional implications for aggregate economic activities. First, our model
highlights how information frictions can be an important reason for resource misallocation. Efficient
allocation requires more resources to be allocated to firms with higher realized productivity and
stronger demand shocks. Higher residual uncertainty under less information leads to a higher degree
of resource misallocation. In our model, the endogenous aggregate total factor productivity (TFP),
which maps the degree of resource misallocation, is an increasing function of information precision.
As information precision is procyclical, our model is consistent with an established empirical fact
that aggregate productivity is procyclical. Second, a small shock to the financial sector that impairs
its ability to perform price discovery can have a large impact on the aggregate economy due to the
compound feedback loops. In fact, both aggregate investment and the endogenous aggregate TFP
are decreasing in information precision. Hence, a small shock to the financial sector can have a large
impact on all three quantities (aggregate investment, endogenous aggregate TFP, and aggregate
output) in the same direction. Third, our model provides an information contagion channel, where
a shock that directly affects only a small fraction of islands can generate a global recession on all
islands through the endogenous information mechanism. This is consistent with some evidence that

idiosyncratic firm-level shocks can be the origin of aggregate fluctuations (see Gabaix (2011)).

Related literature. A burgeoning literature in finance studies the informational feedback
effects of financial markets (see Bond, Edmans and Goldstein (2012) for an extensive survey of this
literature). This literature argues that firm managers on the real side of the economy learn from

financial prices. Among others,? Goldstein, Ozdenoren and Yuan (2013) and Sockin and Xiong

!The Delinquency Rate on Single-Family Residential Mortgages had begun a steady climb in August 2006 before
it led to the collapse of several large financial institutions and the subsequent financial crisis in 2008-2010.

For theoretical work, see, e.g., Fishman and Hagerty (1992), Leland (1992), Dow and Gorton (1997), Subrah-
manyam and Titman (1999, 2013), Hirshleifer, Subrahmanyam, and Titman (2006), Foucault and Gehrig (2008),
Goldstein and Guembel (2008), Ozdenoren and Yuan (2008), Bond, Goldstein, and Prescott (2010), Kurlat and

Veldkamp (2015), Huang and Zeng (2016), Sockin (2016), Foucault and Frésard (2016), and Dessaint et al. (2017).



(2015) develop clean model frameworks showing how prices in the secondary financial market can
aggregate dispersed information of speculators and guide firm managers or investors to make better
real investment decisions. The learning in this literature is one way — the real sector learns from
financial markets. On the other hand, the accounting literature emphasizes the opposite direction
of learning — arguing that firm managers typically know more than financial market participants
— and focuses on studying how firm managers (i.e., insiders) disclose information to the capital
market, based on which financial speculators trade and security prices are formed. Our paper
advances these two bodies of literature by introducing and studying mutual (two-way) learning
between the real sector and financial markets. The two-way learning mechanism sheds light on
important questions, such as how a financial price is formed, where the information comes from,

and how the sources of information interact.

The finance literature pioneered by Grossman and Stiglitz (1980) and Verrecchia (1982) studies
information production (or acquisition) in financial markets. The recent work of Goldstein and
Yang (2015) analyzes a model where two different groups of financial traders are informed of
different fundamentals of a security. They show that trading as well as information acquisition
by these two groups of financial traders exhibit strategic complementarities. Ganguli and Yang
(2009) study a model where traders can obtain private information about the supply of a stock in
addition to that about its payoff. They show complementarity in information acquisition and the
existence of multiple equilibria. Our model introduces the real sector and aggregate production into
a Grossman-Stiglitz-type model; information acquisition in our model takes place both in the real
sector and in financial markets. Adding to this literature, our paper shows that complementarity in
information production exists between the real sector and the financial sector, which has important

macroeconomic implications.?

A large literature in macroeconomics documents robust evidence of countercyclical uncertainty
— both real uncertainty and financial uncertainty increase during recessions. Real uncertainty is
often proxied by firm-level dispersion in earnings, productivity and output, and the volatility of
aggregate output forecast error, while financial uncertainty is often measured by financial market
volatility and the VIX index (Bloom (2009), Bloom et al. (2012), Jurado et al. (2015)). An ongoing
heated debate in this literature concerns the question of causality, i.e., whether uncertainty is a
cause or merely a response to recessions and where uncertainty comes from (see, e.g., Bachmann
and Bayer (2013, 2014)). Interestingly, a recent paper by Ludvigson et al. (2017) empirically
identifies that sharply higher real uncertainty in recessions is most often an endogenous response

to other shocks that cause business cycle fluctuations, while uncertainty about financial markets is

3Goldstein and Yang (2016) analyze a model where there are multiple dimensions of uncertainty and market prices
convey information to real decision-makers. They focus on studying the effect of disclosing public information on
real efficiency. There is no information production (acquisition) in their model, while studying the interaction of
information production in the real sector and that in the financial sector is a key emphasis of our model.



a likely source of the fluctuations. Our paper contributes to the debate by providing a theoretical
framework that is able to address the three variables simultaneously — real uncertainty, financial

uncertainty, and aggregate economic activities — and show how they are related.?

Bacchetta, Tille and Wincoop (2012) also study the self-fulfilling nature of uncertainty. They
construct an interesting endowment economy in which agents have mean-variance preferences so
that the equilibrium asset prices are negatively linked to the perceived risk of future prices. If
the agents believe that pure sunspots matter for asset prices, then the perceived risk of future
prices increases. As a result, the current asset prices will indeed be affected. The uncertainty
is self-fulfilling because there also exists another equilibrium in which the asset prices are certain
and hence bear zero risk. Fajgelbaum, Schaal and Taschereau-Dumouchel (2016) propose a theory
of self-reinforcing episodes of high uncertainty and low activity, through the mechanism of the
“wait-and-see” effect together with agents learning from the actions of others. In contrast to these
contributions, self-fulfilling uncertainty in our model comes from the information interdependence
between financial markets and the real economy. This information interplay also allows us to study

the impact of uncertainties on real economic activities.

Finally, our model is related to a small body of macroeconomics literature that studies how finan-
cial markets affect business cycle fluctuations through information channels.> Angeletos, Lorenzoni
and Pavan (2010) build a two-stage feedback model where financial markets in the second stage
learn from the volume of asset selling of entrepreneurs in the first stage, which generates strategic
complementarity in investment that amplifies non-fundamental shocks at that stage. Benhabib, Liu
and Wang (2016a) present a self-fulfilling business cycle model, where financial market sentiments
affect the price of capital, which signals the fundamentals of the economy to the real side and con-
sequently leads to real output that confirms the sentiments. David, Hopenhayn and Venkateswaran
(2016) conduct a quantitative study that links imperfect information and resource misallocation,
where firms learn from both private sources and imperfectly informative stock market prices about
one dimension of fundamental uncertainty. The information is exogenous in David, Hopenhayn and
Venkateswaran, and they conclude that firms turn primarily to internal sources for information,
rather than to financial markets.® Compared with the aforementioned studies, ours shows that
the amount of information in the economy is endogenous, and that there is feedback between the

level of economic activity and the amount of information, amplified through the mutual learning

4Benhabib, Liu and Wang (2016b) study endogenous information acquisition of firms that links real uncertainty
and economic activities. However, there is no financial market in the model there and that paper does not touch
upon financial uncertainty. Veldkamp (2005) and Nieuwerburgh and Veldkamp (2006) study learning asymmetries in
business cycles, without involving financial markets.

’ Among others, Reis (2006), Angeletos and Pavan (2007), Hellwig and Veldkamp (2009), Vives (2016), Colombo,
Femminis and Pavan (2014) and Mékinen and Ohl (2015) study information acquisition and efficiency.

%Because David, Hopenhayn and Venkateswaran (2016) consider neither endogenous information acquisition nor
the feedback on information production between the real side and financial markets, incorporating our mechanism in
their quantitative study may bring new results; see our numerical calibration in Section 5.



between firms and financial markets.

The paper is organized as follows. In Section 2, we present the simple baseline model. In Section
3, we extend our baseline model to study endogenous information. In Section 4, we further extend
the model to a macroeconomic framework. Section 5 provides quantitative analysis of our model.

Section 6 concludes.

2 The Baseline Model

In this section, we present a simple baseline model with one firm, one financial market, and with
exogenous information. The firm faces two uncertainties: demand shocks and supply (or productiv-
ity) shocks. The firm has some information about the supply shocks while the financial market has
some information about the demand shocks. We show that there exists two-way learning between

the firm and the financial market.

2.1 Setup

There are two types of agents: firm j and a group of financial market traders (speculators). There
are two types of goods: an intermediate capital good and a final consumption good. The price of

the consumption good is normalized as the numeraire, P = 1.

Intermediate Goods Firm Firm j is an intermediate goods firm. It produces the interme-
diate capital good Y using the input of the final consumption good according to the production
function

Y; = ZA;K! for 0<n<1, (1)

where Z is the common productivity shock to the whole economy (regarded as a constant in the
baseline model), A; is Firm j’s productivity, and K is the investment input of the final consumption

good.” We will show that firm j borrows the investment input at interest rate R =1

The market demand function of the intermediate capital good Y; is assumed to be

O

where P; is the price of the capital good j (in terms of the final consumption good), and ¢;
measures the idiosyncratic demand shock to good j. Moreover, in the baseline model Y is an
exogenous constant, which corresponds to the aggregate output (real GDP) (denote y = logY),

whereas parameter 6 measures the price elasticity of demand.

"The input K; will fully depreciate after production.



Financial Market and Traders (Speculators) A financial market exists, where speculators
trade a financial asset (a derivative) contingent on the firm’s asset value or firm value (also its total
income):®

Vi =P, (3)

Specifically, we assume that the payoff of the financial derivative contract takes the form of
v; = logVj,

where v; also corresponds to the growth of the firm value. Denote the market trading price of
the financial derivative contract by g;. That is, the long position of one unit of the financial asset

(derivative) incurs an initial outlay of ¢; and entitles to having the risky payoff v; later.

The utility function of speculators is assumed to be
U(WZ) = —exp (—'yWi) ,

where W' is the end-of-period wealth for speculator i, and « is risk aversion (CARA) coefficient.
The initial wealth for a speculator is assumed to be Wy and the risk-free (gross) interest rate is
Ry = 1. This means that if a speculator takes a position of d units of the financial asset, his

end-of-period wealth would be
Wi = (WQ — dqj) Rf + dvj = W(] + d(’Uj — Qj).

The assumption that speculators trade a derivative contract contingent on the firm’s asset value,
Vj, is made for tractability. This is along the line of the assumption in the literature that a firm’s
asset value or sales revenue follows a geometric Brownian motion. The financial derivative can also
be contingent on the firm’s product price, P; (that is, v; takes the form of v; = log P;). In the
latter case, the financial market can be interpreted as a commodity financial futures market that
specializes in trading financial futures regarding the intermediate capital good Y}, in the spirit of
Sockin and Xiong (2015). Assuming that the underlying asset of the derivative is either V; or P;
is to ensure that the payoff of the underlying asset follows a log-normal distribution and thus to
achieve tractability. This parallels the modeling device that assumes a specific function form of
noisy trading (or asset supply) as in Goldstein, Ozdenoren and Yuan (2013), Sockin and Xiong
(2015), and Goldstein and Yang (2016).

The net aggregate supply of the financial asset (i.e., derivative) is assumed to be 0. The demand

®1n the balance sheet of the firm at the end of the period, the asset value of the firm is its total income; the debt
value is the investment cost; and the equity value is the net profit. This is consistent with the literature where the
asset value, not the equity value, is assumed to follow a geometric Brownian motion (a log-normal distribution).



of noise/liquidity traders in the financial market is nj, where n; follows distribution n; ~ N(0,02).

Uncertainties and Information The firm faces two uncertainties: productivity (or supply)
shock A; and demand shock ¢;. Their prior distributions are log A; = a; ~ N (—%02,03) and
logej = &j ~ N(—102,02) (denote 7, = 1/02 and 7. = 1/02). a; and ¢; are independent. The
common productivity shock Z is public information (denote z = log Z).

In the baseline model, we assume that the firm and the financial market have some exogenous
(imperfect) information about a; and ¢, respectively. Specifically, the firm possesses or is endowed

with a noisy signal about its own productivity:
s; = aj + e,

where e; ~ N(0,02) (denote the precision of the signal by 7, = U%) Firm 5 will disclose its signal
sj to the financial market.” For simplicity, we assume that the firm has no private information

about the demand shock, ;.

In the financial market, as in Grossman and Stiglitz (1980), there are two types of traders:

informed and uninformed traders. An informed trader ¢ has a noisy private signal
x; =&+ Q%,

where Qé- ~ N(0,02) and g;'» is independent across informed traders (denote 7, = J%) An unin-
4

formed trader has no private signal regarding €;. The proportion of informed traders is A, which
is exogenous in the baseline model. Note that for the extreme case of ag = 0, an informed trader’s

signal represents perfect information about «;.

Timeline The sequence of events in the baseline model is as follows:

Ty: Firm j discloses its signal s; to the financial market.

Ty: Financial market trading takes place, and financial price g; is realized.
T3: Firm j makes its investment decision, K, based on information {s;, ¢;}.

Ty: The income or asset value, Vj, is realized. The payoff of the financial contract is delivered.

2.2 Equilibrium

The equilibrium consists of a financial market equilibrium at 75 and the firm’s investment decision

at T3. We conduct analysis by backward induction.

9As will become clear later, a firm has incentives to disclose its information to the financial market because
the disclosure can “attract” more information from the financial market, which can guide the firm to make better
investment decisions.



Firm j’s Investment Decision at T3 Firm j maximizes its expected profit:
Kj = K(sj, q5) = argmax B [PY) — RpKs, qj] (4)
J

with constraints (2) and (1). Here E(:|s;,q;) is the conditional expectation operator over a; and
Ej-
Financial Market Trading at 75  In the financial market, the information set of informed

speculators is {Sj, 4 xz} while that of uninformed speculators is {s;, g;}.

An informed speculator chooses his risky asset holdings, d’?, to maximize his utility:
d”(sj, qj,mé) = argnﬁxE [U(W”)|sj, qj,ajé-] , (5)

where W1t = (Wy — ¢) + d!*(v; — ¢j) and ¢ denotes a constant expense, to be explained later. An

uninformed speculator chooses his risky asset holdings, dV?, to maximize his utility:
A" (s5, 45) = argmax B [UW)]s;.q5] (6)

where WY = Wy + dVi(v; — ¢;). In (5) and (6), E(-) is the expectation operator over v;

The equilibrium of our baseline model is formally defined as follows.

Definition 1 An equilibrium consists of the financial price function q; = q(sj,ej,n;) and the
firm’s investment decision function K; = K(sj,q;), such that

1. Price q(sj,ej,nj) clears the financial market at Ts:

A/d”+(1—A)/dUi+nj=0, (7)

where, for given K; = K(sj,q;), d'* and dV® solve (5) and (6), respectively.

2. Given price q(s;,€5,n;), investment decision K(s;,q;) solves the firm’s problem (4).

The equilibrium defined in Definition 1 highlights the two-way feedback (i.e., a fixed-point
problem) between the financial market and the real economy. On the one hand, the financial price
at Ty should reflect the (forward-looking) investment decision at 73 (and thereby the financial
asset’s fundamentals at Tj). On the other hand, the financial price at Ty influences and guides the

investment decision on the real side of the economy at T5.



2.3 Characterization of Equilibrium

First, we characterize the financial market equilibrium. We conjecture that log K; = k; = k(sj, ¢5)

is a linear function in Definition 1. Plugging (2) and (1) into (3) yields

’Uj:;€j+<1—;>(Z+aj)+n(1—é>kj+;y, (8)
which depends on ¢j, a; and k;. However, speculators are certain about k; but not ¢; and aj,
because k; is a function of signals s; and ¢; and thus speculators perfectly foresee the investment
decision of the firm.

In solving (5), we find that ‘
i Blyjlsj a5, 25 — g5

N 'yVar[vj|sj,qj,1‘§-] .

Similarly, (6) gives

YVarlvj|s;, q;]

We also conjecture a linear price function:

qj = Bo + B1(ej + Basj + Bany), (11)

where 3y, 81, B2 and B3 are coefficients. Combined with s;, price ¢; can be converted into another

piece of public information about ¢;:

q; — Bo — B15B28;
B

Gi(qj,85) = =¢ej + B3nj =¢; + 0], (12)

where Q? ~ N (O,ag) with 03 = 202 (written as Tq = 0—12 representing the precision of the price
q

signal). Information set {sj,q;} is a one-to-one mapping into {s;,§;}. In particular, the informa-

tiveness of price g; (together with signal s;) about ¢; is fully captured by the term Q;I-. In other

words, given o2 (and s;), B3 measures price informativeness of q; about ;.

Plugging (8) and (11) into (9) and (10), together with (7), yields the financial market equilib-

rium. We have Lemma 1.

Lemma 1 In the equilibrium of the financial market, for a given \, 74 is an increasing function

of Te, i.e 979 - .

7 OTe

Proof. See Appendiz. B

Lemma 1 states that when the precision of the firm’s disclosed information about a; increases,

the informativeness of the financial price about €; also increases. The intuition is as follows. The

10



total uncertainty over v; is the sum of uncertainties over a; and ¢;. When uncertainty over a;
decreases under a higher 7., informed traders have incentives to trade more aggressively, which
overwhelms the trading of noise/liquidity traders, thus increasing the informativeness of the finan-
cial price.

Lemma 1 shows that the financial price comes partially from information disclosure in the real
sector and partially from price discovery in the financial market. These two sources of information

interact. This is a novel insight of our paper.

Illustration We use the extreme case of az = 0 (in which case informed traders are perfectly

informed of €;) to provide explicit solutions to the financial market equilibrium. For an informed

trader,

1 1 1 1 T 1 T
Elvj|s;, g5, €5] = égj +n <1 — 9> k(sj,q5) + 5y+ (1 — 9> [z+ - _:T <—202> + . _:T sj]
a e a e

and

Varl| = (1)
arlvils;,qi,e5] = - = .
919329525 0) Ta+Te

For an uninformed trader,

1 1 1 1 Ta 1 Te
E[Uj‘sj‘,qj} = EE [5j|8j,qj]+n <1 — 9> k (Sj,Qj)+§y+ (1 — 9> |:Z + P <—202> + P TeSj:|

and

Var[vjls;, q;] = (9) Varejlsj, q;] + <1 — 9)

Therefore, the market clearing condition, (7), implies

5] +n (1 1) k(sﬂ’qJ) + %y+ (]‘ B %) [Z+ Ta+Te (7%02) + TL::;TES]}

0 = n; + A
1\2 1
v (1 - 7) Ta+Te
- BElejlsj a) +n (1= 5)k(sj,q5) + gy + (1 - 5) [Z + e (—g00) + T[ﬁnsa}
_ - )
g [ % Var (glsj,q;) + (1 - %) Ta41>7'e:|

(13)

It is straightforward to see that (13) can be transformed to

1

f(sj,Qj7y,Z)+)\ £ 6]+n]:07 (14)

2
v(1-3) =

11



where f(s;,q;,y,%) is a linear function of s;,q; and y. Hence,

1
53 = i)l or Tq= (15)
0

From (15), it is easy to see that T4 is an increasing function of 7. for a given . In fact, as the
precision of the firm’s disclosed information increases, informed speculators trade more aggressively

(see (14)) and so the price becomes more informative.

Next, we move to characterize firm j’s investment decision at T5. As shown in (12), firm j’s
information set {s;,q;} at T3 is equivalent to the information set {s;, g;}. The first-order condition

of (4) implies

S

. 1 1,91 © 11— _1\®
Kj:K(gj’Qj): n 1—5 YoZ "0 E ejAj ’Sj,q]‘ , (16)

1
where © = EE € (1,0). We find that

1 T e T
ki = k(sj,q;) = & 1— ) ——s;+——2—g; 1
j (Sja(b) ¢0+@( 9)7a+T€S]+ 9 T5+qu]a ( 7)

where the constant coefficient ¢y is provided in Appendix. Because ¢; is a linear function of s; and
g; by (12), (17) implies that k; is also a linear function of s; and ¢;j, which confirms the earlier

conjecture.

Lemma 2 The firm’s investment decision at T3, K(s;j,q;), is given by (17) (together with (12)).
Proof. See Appendixz. R

The realized profit for firm j at Ty is 7(aj, €5, 55,G;) = Pj (¢5,Y;) Y (aj, K;) — K;(s;, G;). Hence,

the expected profit perceived at the stage of investment at T3 is

E[r(aj,c;, 55, )|55, 4] = [1 —n (1 - ;)] [77 <1 _ ;)]6‘1, (Y%Zl—%)e [E <€];A;_é|8ja§j)]@.

Exploiting the law of iterated expectations, we find that the ex ante expected profit of firm j

perceived at Tj is

H(re,7q;Y,2Z) = EEln(ay,¢5,55,G5)|55, Gl
1 1\197Y foa
B e
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(18)
by noting that the outer E(-) is the unconditional expectation operator over s; and g;.
It is easy to show that
o1l o1l
0 d — > 0. 19
OTe - an 0ty ~ (19)

The intuition behind the above comparative statics is easy to understand. When the firm has a
more precise signal about a; or €;, it makes a better investment decision because its investment

can be more closely aligned with the realized productivity or demand shock. Moreover,

0211
2
01074 >0, (20)

which means that the precisions of signals a; and ¢; are complementary in affecting the firm’s ex

ante profit.

A key insight of the baseline model is that the learning between the financial market and the
real economy occurs both ways. The financial market learns information from a firm’s disclosure
in trading, and conversely, the firm learns information from the financial price in making its real

(investment) decision.

3 The Model with Endogenous Information

In this section, we study the model with acquisition of endogenous information. The purpose is to
understand the information acquisition of the firm and that of the financial market, and how they

interact.

We add Tj to the timeline. At Tp, after the common productivity shock Z is realized (which be-
comes public information), the firm and the financial market simultaneously make their information

acquisition decisions.

Setup By paying an information acquisition cost b > 0 (in terms of the final consumption
good), the firm receives a signal s; = a;j + e; with e; ~ N(0,02); otherwise, it receives a less
precise signal s; = a; + e; with e; ~ N(0,52), where 52 > ¢g2. That 62 = oo corresponds to
the extreme case where the firm receives a useless signal. In short, o2 € {gg,ﬁz}. Also denote
7o =1/0? and 7, = 1/52. In addition, in the spirit of the classic moral hazard problem (concerning
hidden actions), we assume that a firm’s choice of information precision, 7. € {7, 7.}, is private

information (i.e., unobservable by outsiders including financial market participants).
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In the financial market, a trader can choose to be informed or uninformed. By paying an
information acquisition cost ¢ > 0 (in terms of the final consumption good), a trader receives a
private signal :c; =¢g; + gj- with Q; ~ N (0,0'g), as specified in the baseline model; otherwise, it
receives no signal (or equivalently a useless signal). The proportion of informed speculators, A, is

endogenous.

Our assumption that the firm and financial markets have comparative advantages in acquiring
information on different uncertainties is realistic. For example, financial analysts in major invest-
ment banks specializing in different regional or sectoral submarkets can on aggregate be better
informed about the demand for the firm’s product than the firm itself. We can relax the assump-
tion and alternatively assume that the firm can also obtain a noisy signal on the demand shock in
addition to its signal on the productivity shock, under which our main results do not change (see
Appendix B). In fact, as long as the firm learns information (about the demand shock) from the
financial price, our result does not change qualitatively, no matter whether the firm itself also has

some additional information about the demand shock.

Information Acquisition Decision of Speculators Proportion A is determined such that

an uninformed speculator and an informed one have the same ex ante utility:

EV (W1

BV = 1, (21)

where EV(W*) = E [U(W?")|s;,q;]. We have the following result.

Proposition 1 In the equilibrium of the financial market with endogenous \, T4 is a function of

Te and ¢, written as Ty = T4(Te;¢). We have the comparative statics g—:z >0 and % < 0.

Proof. See Appendix. R

Proposition 1 states that with taking endogenous A into account, the informativeness of the
financial price about ¢; increases as the precision of the firm’s information about a; increases.
The intuition behind the comparative statics is as follows. There are two driving forces under the
comparative statics g%z > 0. First, as in the earlier discussion of Lemma 1, when uncertainty over a;

decreases, informed traders trade more aggressively, increasing the informativeness of the financial
Var[vj|s]~,qj]A
Varlvj|s;,q;,@%]

price. Second, in the spirit of Grossman and Stiglitz (1980), (21) implies €7¢ =

. Var[(l—l>a-|s-]+Var(l€-|s',q-) . . .
yc — ] 7127 <117 ]. .
(that is, e \/Var[(l—;)aj|sj]+Var(})sj|sj,qj,a:;))’ the RHS of which, written as function G (74; 7¢),
is the gain in information advantage for an informed speculator over an uninformed one. When
one dimension of uncertainty (the term Var [(1 — %) aj|sj]) is reduced, the information advantage
on the other dimension of uncertainty (the term Var(je;|-)) becomes more useful. For example, in

the extreme case when Var [(1 — %) aj\sj] is very large, being informed has little advantage over

14



being uninformed. Hence, when the precision of signal s; increases and thus Var (a;|s;) decreases,

an uninformed speculator has incentives to switch to being informed by paying a cost ¢. When

more speculators acquire information, price informativeness also improves. As for comparative
Tq

.9 . . . . :
statics 52 < 0, a lower ¢ induces more traders to become informed causing price informativeness

to improve.

Illustration We continue to use the extreme case of 03 = 0 (in which case informed traders
are perfectly informed of €;) to provide explicit solutions to the financial market equilibrium. After

taking endogenous A into account, we have

1\2 1 1\2 1
Var (aj|sj) + VaT(6j|Sj, Qj) e (1 - ?) Ta+Te + (9) Tet+Tq e (22)
Var (ajls;) + Var(ejlsj, q;,€5) (1- %)2 TmlLTe ’

which implies that T, is increasing in 7. and decreasing in c. Recall that the LHS of equation (22)
is written as function G (14;7.). Figure 1 illustrates the solution (denoted by T4 = T4(Te;c)) to
equation (22).

G (Tq:Te)

Te increases

ye

[

—

> Tg

Figure 1: A graphical illustration of equilibrium 7, as a function of 7. and ¢

Information Acquisition Decision of the Firm Considering that profit function II (7, 7,,; Y, Z)

given in (18) has the properties of 3—2 > 0 and af:égq > 0 shown in (19) and (20), we can obtain

firm j’s optimal information acquisition decision at Tj:

Te = { Te if Tq 2 7A_q(}c Z7 b) (23)

T

Te otherwise
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where threshold 7, = 74(Y, Z, ) is defined as the unique root to the equation

(e =Te;7¢, Y, Z) —l(Te =1.;7¢, Y, Z) = . (24)
It is easy to show that 87”-q(81;Z,b) < 0, a%q(aYZ’Z’b) < 0, and w > 0. We have the following

result.

Proposition 2 The optimal information acquisition decision of the firm at Ty, T (74;Y, Z,b), is
given by (23).
Proof. See Appendiz. B

Proposition 2 states that if and only if the firm expects the financial efficiency 7, to exceed the
threshold value 74(Y, Z,b), would it choose a high precision 7, = 7.. This is because precisions of
signals a; and €; are complementary in affecting the firm’s ex ante profit. Intuitively, when the
uncertainty over ¢; is reduced, knowing more about a; would better enable the firm to maximize
its expected profit. The equilibrium 7. also depends on Y and Z; that is, when Y or Z increases,
the marginal benefit of increasing the signal precision also increases for the firm, and so the firm is

more likely to acquire more precise information.

Proposition 2 is a novel result of our model. Earlier work in the literature such as Goldstein
and Yang (2015) has shown information production complementarity within the financial market.
Our paper shows information production complementarity between the real side of the economy

and the financial side.

Full Equilibrium With both Proposition 1 and Proposition 2, we are now able to characterize
the full equilibrium. Proposition 1 gives the reaction function 7,(7;c) while Proposition 2 gives

the reaction function 7. (74;Y, Z,b). Let

and

clearly 73* > 7, by Proposition 1. Proposition 3 follows.

Proposition 3 The rational expectations equilibrium has three cases:

. - . . I e,
i) Case 1: 7, > 7, There is a unique equilibrium: (Te,7,) = (Te,Tq ),

it) Case 2: T4 € |14, 7*]  There are multiple (two) equilibria: (Te,7q) = (Te,7o*) or (Te,75);

P . : G _ .
iii) Case 3: 7, < 74 There is a unique equilibrium: (Te,7,) = (Ie,Tq),

where threshold 74 = 74(Y, Z,b) is given by (24).
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Proof. See Appendiz. B

The intuition behind Proposition 3 is as follows. If aggregate output Y is so high (and hence the
threshold 74(Y, Z,b) is so low by (24)) such that acquiring information is a dominant strategy for
the firm (regardless of financial price informativeness 7,), then a unique equilibrium exists in which
the real side acquires information and the financial efficiency is also in a higher level. This is case
1. Conversely, if aggregate output Y is so low (and hence the threshold 74(Y, Z, b) is so high) such
that not acquiring information is a dominant strategy for the firm, then a unique equilibrium exists
in which the real side does not acquire information and the financial efficiency is also in a lower
level. This is case 3. Between these two extreme cases, there are self-fulfilling multiple equilibria,

which is case 2.

Figure 2 illustrates the three equilibrium cases, corresponding to different levels of aggregate
output (i.e., Yg > Yy > Y7 ). Recall that function G (74;7.) measures the gain in information
advantage for an informed speculator over an uninformed one, whereas the utility cost of information
acquisition for an informed speculator is €7¢. Similarly, it is easy to see that when Y is kept constant,
a change in b or ¢ or Z (where a change in ¢ corresponding to a vertical shift in the horizontal line

€7¢ in Figure 2) also leads to different cases of equilibrium.
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Tq T

Figure 2: Three Cases of Equilibrium with Yz > Y, > Y7, (Case 1: Top; Case 2: Middle; Case
3: Bottom)

4 The Macroeconomic Model

In this section, we extend the model to a macroeconomic framework. The extended model provides a
macroeconomic background of the baseline model and endogenizes various exogenous specifications
and variables of the baseline model. In particular, the aggregate output (i.e., real GDP), Y, is

endogenized, which gives a number of new implications.
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4.1 Setup

Final goods firms The final consumption good is produced with inputs of a continuum of capital

goods according to a Dixit-Stiglitz production function

1 60-1 .%
Y:[/e](?Yj" dj] , (25)

where j € [0,1], 6 > 1 is the elasticity of substitution between intermediate capital goods, and ¢;
measures the demand shock to intermediate good j.
The representative competitive final goods firm maximizes its profits:

0

16-1 J8-1
max P [/ej"Y] v dj] —/Pijdj, (26)

where P; is the price of intermediate good j. The price of the consumption good, P, is normalized

as the numeraire price, i.e., P = 1. The first-order condition of (26) with respect to Y; gives

T LS
[/erj djj| Y, " =P

This implies the demand schedule for good j:

which endogenizes the demand function of (2).

Intermediate Goods Firms There is a continuum of intermediate (capital) goods firms,
indexed by j. The setup for a typical firm, firm j, is presented in Section 2.1. We may think of
each intermediate good as being produced by one firm that is located on an island in the spirit of

Lucas (1972). Both a; and ¢; are i.i.d. across firms (or islands).

Financial markets FEach island has a financial market, which trades the financial asset
(derivative) contingent on the intermediate goods firm’s asset value, V; = Y;P;, on that island.
The payoff of the financial derivative contract is v; = log V;. The demand from noise/liquidity
traders in financial market j is nj ~ N (0, 0'%), and n; is independent across islands. In the current
framework of the aggregate economy, we may interpret noise trading as: 1) foreign capital flow,
or 2) liquidity trading by some investors who must trade (for exogenous reasons such as balancing

portfolios, endowment shocks, and so on).
The setup for information acquisition on each island is the same as that in Section 3.

Investors The economy consists of a continuum of investors with a unit measure. Each
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investor is endowed with W units of the final consumption good at Tp. Each investor has three
identities: capital suppliers (i.e., lenders), firm owners (i.e., shareholders), and financial market
traders. The economy is decentralized, analogous to the Robinson Crusoe economy. The decisions

of an investor made under different identities are independent.

We assume that Wy is sufficiently high and a storage technology exists, so that in equilibrium

R; = 1. An investor maximizes utility:
U(C") = —exp (—7C") (27)

with
C' =Wy + (I — x) + D,

where C? is the end-of-period wealth at Ty for investor i. The term II is the aggregate profit of firms,
that is, Il = [ (P;Y; — RyKj) dj, the value of which is given in (18). The term II— x is the aggregate
net profit of firms distributed to an investor (as an owner of firms), where x € {0, b} is the aggregate
information acquisition cost to the firms.'® The term D? is investor i’s position in financial market
trading. We make a weak assumption that a trader can access trading in all financial markets.
In a symmetric equilibrium, a trader is informed on A fraction of islands and uninformed on the
remaining 1 — A fraction of islands. In addition, all firms have A proportion of informed traders and
1 — X proportion of uninformed traders, so D* = —\c+ fjeL-, d][i(vj —qj)dj + fje[O,l]\I,- dei(Uj —q;)dy,
where I; is the set of islands on which trader ¢ is informed, d]I-i is that trader’s position on island j

as an informed trader, and dgﬁ is that trader’s position on island j as an uninformed trader.

4.2 Equilibrium

Within each island, the equilibrium is given by Lemmas 1-2 and Propositions 1-3. Now we study
the equilibrium of the aggregate economy, endogenizing Y. We consider the symmetric equilibrium,

in which all intermediate goods firms have the same level of information precision.

Substituting (16) and (1) into (25) yields

on -1 &1
o g R .
Y=2%|n 1—5 Yo €] A, E|efA; 71sj, 4 dj . (28)

Exploiting the law of iterated expectations, we have

11 121 \O 121 N\®
/ej‘?Aj 0 <E [ej‘?Aj "]sj,q]}> dj=E <E [e;Aj e\sj,qj]> .

10We will consider the symmetric equilibrium, in which either all firms or none of them acquires information.
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Hence, (28) implies

0,0 1 enﬁ 1ol 3 071) —15-oy
y=aenn(tog BB jefA; sy .

Similarly, the aggregate investment in the economy is given by

LR ¢ 1 N 2 S

Therefore, we have
Y = ZAK", (30)

where A = A (1., 7,) is given by

which is the endogenous aggregate TFP.
Equation (30) implies that despite heterogeneity among firms caused by idiosyncratic produc-
tivity shocks and demand shocks, our economy works as if there existed a representative firm with

productivity A and aggregate investment K.

By (29) and (30), the aggregate investment can also be expressed as

[C)
[©}
0

K=K (re,7,Z) = [n <1 _ ;) 7. A(T&Tq)} "

Because 0 < < 1 and © € (1,0), K is increasing in A and thus is increasing in 7. and 7,. This

way, the aggregate output can also be expressed as

Y =Y (rey 7y 7) = {n (1 - ;)] = (7 A(7e,7q)] 75 . (32)

Proposition 4 follows.

Proposition 4 Both the endogenous aggregate TEFP, A, and the aggregate investment, K, are

increasing in T. and T4. Hence, the aggregate output Y is increasing in 7. and 7q.

Proof. See Appendiz. B

21



Proposition 4 highlights two effects of information frictions. First, given K, the endogenous
aggregate TFP, A, measuring the efficiency of resource allocation, has the properties of g—é >0
and E(;% > 0. Efficient allocation requires more resources to be allocated to firms with higher realized
Aj and ¢;. In other words, efficient investment K; should be more aligned with realized A; and
€;. So, more precise information about A; and ¢; achieved through information acquisition helps
improve allocative efficiency. Second, higher uncertainty also leads to a lower level of aggregate
investment, that is, g—i > (0 and g—ﬁi > 0.

We parameterize our economy by (b, ¢, Z), and characterize the full equilibrium of the aggregate

economy, which is given by the following joint equations:

Te = Te(174:Y,Z,b) (A firm’s optimal information choice)(33)
Tq = Tq(Te;0) (Financial market equilibrium)(34)
Y = Z-A(1e,7q) K (Te,7¢; Z)]", (Aggregate economy equilibrium) (35)

where (33), (34) and (35) are given by Proposition 2, Proposition 1 and Proposition 4, respectively.

Proposition 5 The full equilibrium of the aggregate economy is characterized by triplet (te,74,Y),

which solves the system of equations (33)-(35) for given (b, ¢, Z).

We discuss three important implications of Proposition 5. First, a small shock (i.e., a small
increase in ¢ or b, or a small decrease in Z) can have a large impact on the aggregate economy
(aggregate output Y) due to the compound feedback loops of information amplification, as illus-
trated in Figures 3; detailed quantitative analysis of the comparative statics with respect to ¢, b,
and Z will be provided in the next section. Our information channel of amplification contrasts with
the financing channel in Kiyotaki and Moore (1997) and Jermann and Quadrini (2012), where a
negative shock originating in either the real sector or the financial sector can lead to a large drop

in the aggregate output.

Figure 3: Information amplification
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In particular, the amplification in our model can arise from the presence of multiple equilibria (i.e.,
discontinuity). That is, pure self-fulfilling beliefs in the absence of any aggregate shock or a small
aggregate shock can trigger the equilibrium switching from one regime to the other, generating a
very large drop in the aggregate-level output and investment. To illustrate the effect, we fix ¢ and
b, and express Y as a function of Z (recall equation (32)); see the formal expression of function
Y(Z; A) including the thresholds Z and Z in (A.7) in the appendix. Figure 4 depicts function
Y(Z; A).

Y(Z:A)

Z

Z

Figure 4: Aggregate output Y (Z; A) in the presence of multiple (two) equilibria

Recall that A is the endogenous TFP (given in (31)). In Figure 4, when Z is low enough such that
Z € (=00, Z), there is a unique “bad” equilibrium; when Z is high enough such that Z € (Z , +oo),
there is a unique “good” equilibrium. When Z € [Z , Z], there are two self-fulfilling equilibria.
Clearly, a small change in Z around Z = Z (i.e., a slight decrease in Z from above Z to below Z)
can trigger the equilibrium switching from “good” to “bad”, resulting in a large drop in Y. Figure 4
shows several interesting implications. The first is that a small shock and a big shock to Z can have
dramatically different implications. While a small decline in Z leads to a steady decrease in output,
a big decline in Z may trigger a self-fulfilling crisis. The second implication is that a positive shock
and a negative shock to Z potentially have asymmetric effects on equilibrium output. When Z
increases, the equilibrium output increases steadily. However, when Z declines, the equilibrium
output may exhibit a sudden large decline if the economy falls to the bad equilibrium. Conducting

comparative statics with respect to ¢ and b instead of Z shows similar patterns (see next section).

Second, our model implies information contagion and spillover, as illustrated in Figures 5. That
is, a shock that directly affects only a small fraction of islands can generate a global recession on
all islands through the endogenous information mechanism. This result is consistent with a large
amount of anecdotal evidence that idiosyncratic firm-level shocks can be the origin of aggregate

fluctuations (i.e., microfoundation for aggregate shocks; see Gabaix (2011)). Again, a quantitative
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analysis of this result will be provided in the next section.

c T One 1sland Other 1slands
Tql
[

NV

Tel

Figure 5: Information contagion

Third, our model endogenizes together the three variables — financial uncertainty, real uncer-
tainty, and aggregate economic activities — and show how they are related. The residual financial
uncertainty (or equivalently the financial market efficiency defined in Brunnermeier (2005) and

Goldstein and Yang (2015)) is given by'!

[ 1
SD (6j|8j,(]j) = - s (36)
€ q

and the residual real uncertainty (or the forecast error) faced by a firm is given by

SD () =\ - 37)

We have shown that an adverse shock in ¢ or b or Z leads to a decrease in 7. and 7, together

with a decrease in Y, which means that a rise in both real uncertainty and financial uncertainty is
accompanied by a fall in aggregate GDP Y. In other words, uncertainty in both financial markets

and the real economy rises during recessions.

5 Quantitative Analysis

Our analytic analysis in the previous sections has demonstrated that the information interplay
between the real sector and the financial sector can have strong effects on the economy. Our model
is too stylized to be calibrated with the data. We will therefore assign values to parameters in our

model to conduct several numerical illustrations below.

"' Equivalently, we can define financial uncertainty as SDv;|s;, q;] = \/(%)2 Var[ejls;, q;] + (1 — %)2 Var[a;|s;] =
12 _ 1 1\2 _ 1
\/(5) Te+Tgq + (1 - 5) Ta+Te
12The evidence of countercyclical uncertainty in the macroeconomics literature is in line with the findings in the

finance literature that the volatility of stock returns is higher in bad times than in good times (see, e.g., Schwert
(1989a,b)).
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Table 1 summarizes the parameter values chosen. We set the elasticity of substitution between
intermediate goods 6 to 6 as in David, Hopenhanya and Venkateswaran (2016). This implies that
the gross markup is 15%. We set the degree of decreasing returns to scale of production n to 0.8,
consistent with the recent estimates of Gopinath et al (2016). We set the risk (CARA) coefficient
~v to 2. This implies that a risky lottery drawn from a normal distribution with standard deviation
of 0.2 $ will need an average payoff of 1.04 $ dollar to be equivalent to 1 $ for sure in financial
speculations, which seems to be reasonable and in line with the risk premium between stocks and
bonds. The commonly estimated standard deviation of firm-level physical productivity shocks o
is typically very large. However, it is difficult to imagine that firms would face such enormous
uncertainty when making investment. We therefore borrow the unconditional residual uncertainty
parameter from David, Hopenhanya and Venkateswaran (2016), where o, = 0.45 (or 7, = 4.9383).
We set T, = 6.5746, implying that a firm can reduce its residual uncertainty on the productivity
shock to 0.30 by paying the information acquisition cost. We set 7, = 1, implying that the
residual uncertainty in productivity equals 0.41 if a firm does not pay the information acquisition
cost. Foster, Haltiwanger and Syverson (2008) show that demand shocks are more important than
physical productivity shocks for firm turnover. We therefore set 0. = 2.2502 (or 7. = 0.1975),
implying that demand and productivity shocks contribute equally to firms’ sales volatility. We set
the precision of informed traders’ signal 7, to 0.2922, meaning that an informed trader can reduce
the conditional volatility of demand shock to 1.429 through his private signal. We set the common
productivity Z = 2, information acquisition cost for a financial trader ¢ = 0.09, and information

acquisition cost for firm b = 0.065. These parameter values lead to two self-fulfilling equilibria in

our model.
Parameter | Description Value
Ta Precision of productivity shock prior 4.9383
Te Precision of demand shock prior 0.1975
To Precision of informed traders’ signal 0.2922
0 Elasticity of substitution between intermediate goods | 6
v Risk (CARA) coefficient 2
n Degree of decreasing returns to scale of production 0.8
c Information acquisition cost of financial markets 0.09
b Information acquisition cost of the real side 0.065
Z Common productivity shock 2
Te Low precision of signals of the real side 1
Te High precision of signals of the real side 6.5746

Table 1: Parameter values

Table 2 summarizes key results of the two self-fulfilling equilibria. First, both aggregate output
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and investment fall dramatically (by 42% and 42%, respectively) when the economy falls into the
“bad” equilibrium . Second, information production from the financial sector and from the real
sector is both lower in the“bad” equilibrium than in the “good” equilibrium. The firms and financial
traders face productivity shocks with a posterior standard deviation of (7. + Ta)ié = 0.2947 in the
“good” equilibrium and (7, + Ta)ié = 0.4104 in the “bad” equilibrium. The financial price can
reduce the posterior standard deviation of firm demand shocks to (7‘2* + 75)7% = 1.8380 for the
“good” equilibrium but only to (T; + 7'5)_% = 2.1567 for the “bad” equilibrium. These numbers
imply a 17% increase in financial uncertainty and a 33% increase in real uncertainty from the “bad”
equilibrium to the “good” equilibrium. Third, the resulting information production declines have
important consequences for allocation efficiency. The endogenous TFP declines by about 10%.
To understand the decline, we compute two alternative counterfactual endogenous TFP. We first
compute A(7¢,7,), the level of endogenous TFP when only the quality of the information provided
by the financial market deteriorates while the quality of the information provided by the firm stays
at the level 7.. We find that TFP would decline by about 4%. The other 6% decline in endogenous
TFP is due to the decline in the firm’s information production as indicated by A(z.,7;*), the
level of endogenous TFP that the economy would obtain when only the quality of the information
provided by the firm deteriorates while the quality of the information provided by the financial

market stays at the level 77"

“Good” Equilibrium | “Bad” equilibrium
e Fo = 6.5746 r, =1
Tq 7o = 0.0985 72 = 0.0175
GDP (Y) 1.5109 0.8701
Aggregate Investment (K) 1.0073 0.5801
Endogenous TFP (A) A=0.7511 A =0.6726
TFP under changing 7; only (A(7e, 7)) 0.7199
TFP under changing 7, only (A(z,, ;%)) 0.7017

Table 2: Numerical illustration for two self-fulfilling equilibria

As the nature of equilibrium crucially depends on the values of Z , ¢ and b, our second exercise
is hence to conduct complete comparative statics to understand their impact on equilibria in a
quantitative sense. We fix all other parameter values (given in Table 1) but change one of Z, ¢ and
b each time and compute the equilibria accordingly. We report our results in Figure 6. Figure 6
has three columns, summarizing the comparative statics with respect to Z , ¢, and b in turn. The
first panel plots the equilibrium aggregate output, the second panel plots the posterior standard

deviation of firms’ productivity shocks (given in (37)), and the third panel reports the posterior

"*Note that A = A(7e,7;*) and A = A(r,,7}); see (A.7).
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standard deviation of firms’ demand shocks inferred from the financial price (given in (36)).

25
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Figure 6: Comparative static analysis

The first column of Figure 6 shows that the equilibrium is unique if Z > Z = 2.0779 or
Z < Z = 1.9250. Suppose the economy initially starts with aggregate common productivity
Z = 2.1203. A small drop in Z by more than 2 percent would trigger a self-fulfilling crisis (also
see Figure 4). In the second and third columns of Figure 6, the model generates two self-fulfilling
equilibria when the information acquisition cost, ¢ or b, is at the intermediate level.'* Due to the
binary information choice of the firm, aggregate output is insensitive to the change in b when the
equilibrium is unique. Similar to the effect of Z, if the initial level of b or ¢ is close to their lower
threshold for multiple equilibria, then a small shock (i.e., a small increase in ¢ or b) can cause a

sudden large decline in aggregate output.

Our final exercise is to show information contagion in our model. Again we assume that all
parameters are initially given in Table 1, except that we set b = 0.0786, slightly lower than the
upper threshold of b to have multiple (two) equilibria. According to Figure 6, the economy initially
has two equilibria. Now we assume that a small fraction x = 5% of firms suffer a shock in the sense
that their information acquisition cost b increases slightly to 0.0788, which means that a unique
“bad” equilibrium takes over in the economy of these islands by Figure 6. How about the other
95% islands? The economy of the other 95% islands will unavoidably fall into the bad equilibrium

unless their acquisition cost b decreases below 0.0778.

41n the third common (the comparative statics with regard to ¢), when c is higher than a certain level, no traders
acquire information about the demand shocks and hence the financial price efficiency 74 becomes a constant.
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6 Conclusion

We develop a model of informational interdependence between financial markets and the real econ-
omy. We endogenize financial and real uncertainty and show how they relate to aggregate economic
activity. Information production in the real sector and that in the financial sector exhibit strategic
complementarity. The key reason is that a financial price is a combination of firm disclosure and
financial market price discovery. When a firm tries to maximize its monopoly profits in the real
sector and speculators try to gain from arbitraging in financial markets, it is optimal for them to
learn from each other. The mutual learning results in strategic complementarity in information
production. In the general equilibrium, the amount of information available in the economy and

the aggregate economic activity feed back into each other and reinforce each other.

Besides the implications on economic uncertainty, our model has additional implications re-
garding macroeconomic activities, including the effect of financial market efficiency on resource
misallocation, amplification and contagion in business cycle fluctuations, and self-fulfilling eco-
nomic crises. Our model is essentially static and qualitative, which can clearly and cleanly deliver
key mechanisms and implications of the model. Extending our static model to a dynamic economy

and fully examining the quantitative importance of our mechanisms are left for future research.
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Appendix

A  Proofs

Proof of Lemma 1: For an informed trader,
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Therefore, the market clearing condition, (7), implies
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It is straightforward to see that (A.1) can be transformed to
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where f (sj,q;,y) is a linear function of s;,¢; and y. Hence,
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where 7, = =
n

(A.2) clearly has a unique positive solution with respect to f5. In fact, if we write LHS of

.2) as function , it is easy to show that equation +7(1—3) 7, = 0 has a unique
A.2) as function A(Bs), it i to show that equation A(Bs 1-1)° 0h i
positive solution. Hence, equation A(f5) = 0 has a unique positive solution, around which ngAs > 0.

We also prove that the unique positive solution of 5 is decreasing in A. In fact, B%AP, > 0 and

BA
% = s (Ta+Te)To) B3 > 0, s0 % = —-9% < 0. Also, the unique positive solution of 3 is

983

decreasing in 7. In fact,
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where the second equality is due to (A.2), so % = -9 <0 (or dTTZ > 0).
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Proof of Lemma 2: We have
111 1 T 1 T 1 T 1 T

logE |e?A. %ls;,q:| = = = s L 1-— - ——o? c

08 [63 J |sj,q]} 0 |:T5+Tq ( 20‘5> + Tg—i-qu] + 9) Ta+ Te 20“ + Ta+Te ”

+1 1\? 1 +1 L1 S |
2\0) 1-+714 2 0) Tg+Te
So

1 C] © T 1 1 T 1
/: 1 1-Z= ~ ~ £ _72 1-Z= a _72
b = omsla(1-5)] G G [ ()] oo -a [ (o)

1 /1\? 1 1 1\? 1
—o(:= —eo(1-= .
+2@<9) Te +Tqg * 2@< 9> Ta+ Te

30




In addition,
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Proof of Proposition 1: The proof is quite similar to that in Grossman and Stiglitz (1980). By
the definition EV(W') = E [U(W")]|s;,q;], we have
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and
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Because [ (74;7T¢) = e~27¢, by differentiating both sides of the equation, we have
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Proof of Proposition 2: Because a—n > 0, we have Il (1, = Te; 74, Y) — Il (7e = 7,574, Y) > 0

BH

for a given 7, and Y. Because Froory > 0 there exisits a unique 7, such that

(e =Te;7¢,Y) =l (Te =1,57¢,Y) = b. (A.4)

Denote the LHS of (A.4) by function I'(74,Y’) for given a 7. and 7,. Because 8f:£q > 0 and

2
(ﬁTHY > 0, we have that g—{l > (0 and g—{, > 0. Therefore,

074(Y,b) _ 35

BY% <0

8Tq

and
074(Y,b)

b > 0.

Proof of Proposition 3: Based on the results in Propositions 1 and 2, it is straightforward to

obtain Proposition 3.
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Proof of Proposition 4: Substituting (16) and (1) into (25)

;91 %
- [

S T
n(1-5)-1"

Exploiting the law of iterated expectations, we have

191 11 \O
/ejeAj 0 <E |:6;AJ» 9|sj,qj}) dj=E
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Similarly, the aggregate investment in the economy is given by
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where A = A (7., 74) is given by

A(Te,mq) = {E

N

0—1

Because 0 < 1 < 1 and thus % —n >0, A(7e,74) is increasing in 7. and 7.

Also, we can express K in terms of A:
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Because 0 <7 < 1 and © € (1,0), K is increasing in A and thus is increasing in 7, and 7.

Some results in Section 4.2: Function Y (Z; A) is given by
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where

I(re=7e;7,,Y (A, 2),2) — 1 (1e =1057,, Y (A, 2) , Z) = b;
(e =770 Y (A,2),2) ~ T (1e =17, Y (A, 2) . Z) = b;
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B Model extension in Section 3
We assume that the firm also receives a noisy signal on the demand shock:
T; =¢&j + p,

where p ~ N(0, T—lp) The firm may obtain or buy this piece of information from informed traders.

Under this alternative setup, we prove that the main result in Proposition 2 does not change.

Firm j’s information set becomes {s;,z;,q;}. The ex ante expected profit of firm j perceived

at Tp in (18) becomes

o 1 1\? 1 1/1\? 1
(7,70, 7. Y)=B-Y7 - D= (1=-2 () —
(TesTgy Tp3 Y) BeXp{ CX(C) )[2( 9> +2(0> T, .
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Oredry [e ©-110-3 (=) ] [@ ©-103(3) (7=) ]
> 0,

which means that as the financial efficiency (7,) increases, the firm has stronger incentives to

acquire information about the productivity shock a;.
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We also show that

exp{ 0O D [+ -4 2+ 10)" vt

%11 5} )1 2 12 1 2
87-pa7_q =B-Yo5% @( § 0 <TE+Tp+Tq> 9(9_ ].) (g) (m)
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So, when W < 2, it follows that a o> 0, which means that the firm’s incentive to acqu1re

1
Tet+Tp+Tq

follows that 87 (% < 0, which means that the firm’s incentive to acquire information about the

information about the demand shock increases with financial efficiency. When > 5, it

demand shock decreases with financial efficiency (i.e., strategic substitutability). Therefore, if the
firm incurs a cost in acquiring information about the demand shock or the productivity shock, it

may be endogenously optimal for the firm to choose to acquire information about the latter.
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