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Abstract

We introduce endogenous information acquisition into an otherwise standard business cycle
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1 Introduction

Recessions are often associated with increases in uncertainty, measured by either macro-level or
micro-level volatility. In a recent influential paper, Bloom (2009) shows that measured uncertainty
is countercyclical, suggesting that “uncertainty shocks” may be quantitatively important features
of business cycles. Indeed, this finding has inspired a growing literature arguing that uncertainty
shocks are an important driving force of business cycles in general and of the recent Great Reces-
sion in particular.! For example, Christiano, Motto and Rostagno (2014) find that the exogenous
fluctuations in the volatility of cross-sectional uncertainty are the most important shock driving the
business cycles in an estimated sticky price model augmented with the financial accelerator mech-
anism. Nevertheless, the direction of causality between economic uncertainty and macroeconomic
activities is still an open question. For example, several recent empirical works (e.g., Bachmann
and Bayer (2013, 2014), Bachmann, Elstner and Sims (2013), Bachmann, Elstner and Hristov
(2015)) document evidence that uncertainty appears to be an outcome, rather than the cause, of
recessions. Models in which “uncertainty fluctuations” are merely a symptom of business cycles
have also been proposed in the literature (e.g., Bachmann and Moscarini (2012), Tlut, Kehrig and

Schneider (2015)).

In this paper, we revisit the relationship between uncertainty and macroeconomic activities
theoretically, in the context of endogenous information acquisition models. Rather than treating
volatility shocks as exogenous, we provide a model that endogenizes them under equilibrium infor-
mation acquisition. We show that several commonly-used measures of uncertainty in the literature,
such as firm-level dispersion in productivity, firm residual idiosyncratic uncertainty, and the volatil-
ity of aggregate output forecast error, are endogenously countercyclical when firms opt to acquire
information procyclically. Our model shows that the causality between uncertainty and economic
activities can go both ways. A recession caused by fundamental shocks such as TFP shocks in-
creases uncertainty because of reduced information acquisition. The raised uncertainty in turn
amplifies and reinforces the decline in output. Recession in the fear of high economic uncertainty

hence can become a self-fulfilling prophecy if this two-way feedback is strong enough.

To demonstrate this idea, we incorporate endogenous information acquisition into an other-
wise standard Dixit-Stiglitz monopolistic competition model, in which each intermediate goods
firm (entrepreneur) employs labor to produce a differentiated good but faces uncertainty about its
idiosyncratic demand shock. To reduce uncertainty, firms can acquire information about their idio-
syncratic demand shocks before production by incurring some labor costs, so information acquisition

is linked to the labor market and thereby the macroeconomic condition. Information acquisition

!The Federal Open Market Committee minutes repeatedly emphasize uncertainty as a key factor driving the 2001
and 2007-2009 recessions (see, e.g., Bloom et al. (2012)).



enables a firm to earn higher expected profits because with more precise information it can align its
production more closely with the true demand for its product. A two-way feedback arises under en-
dogenous information acquisition. On the one hand, uncertainty about idiosyncratic demand shocks
distorts the allocation of resources (labor) across firms ex post. Reducing uncertainty through infor-
mation acquisition improves resource allocation, thus increasing the endogenous aggregate TFP and
boosting macroeconomic activities. On the other hand, the macroeconomic condition affects labor
costs and firms’ incentives to acquire information ex ante, which, in turn, determine firms’ residual

uncertainty or forecast error (on their idiosyncratic demand shocks) at the time of production.

To illustrate the two-way feedback, consider a recession caused initially by a negative TFP shock.
The resulting gain from information acquisition decreases as the expected profit, which partially
depends on the aggregate production, goes down. However, the labor cost of information acquisition
also decreases as real wages (depending on the aggregate economy) also go down. We show that
under reasonable specifications of preferences, the decrease in benefit outweighs the decrease in cost
during the recession, leading to a decrease in information acquisition. As firms have less precise
information, they face greater residual uncertainty, resulting in greater resource misallocation. This
reinforces the negative impact of the initial drop in TFP on aggregate production, deepening the
recession. Conversely, there is more information acquisition and the residual uncertainty faced by
firms is lower during a boom. In short, information acquisition is endogenously procyclical and the

residual idiosyncratic uncertainty (forecast error) faced by firms is countercyclical in equilibrium.

We further show that this two-way feedback, if strong enough, can generate multiple equilibria in
which high uncertainty and low aggregate economic activities can become self-fulfilling. This hap-
pens when the effect of complementarity in production across intermediate goods firms is stronger
than the general equilibrium effect on the real wage. In such a case, production of intermediate
goods firms exhibits strategic complementarity. If other firms acquire information, this increases
the overall efficiency of resource allocation and hence aggregate output, which in turn increases
an individual firm’s incentives to acquire information. Information acquisition therefore exhibits
strategic complementarity, leading to multiple equilibria. If a firm expects that all other firms ac-
quire information, it does so as well, resulting in an efficient equilibrium in which all firms acquire
information. If instead a firm expects that no other firms acquire information, it has no incentive
to do so either, resulting in an inefficient equilibrium in which no firm acquires information. The
inefficient equilibrium is characterized as higher uncertainty and lower aggregate production than

those associated with the efficient equilibrium.

We then extend our baseline model to show that countercyclical idiosyncratic uncertainty also
manifests as countercyclical aggregate volatility and countercyclical aggregate uncertainty. We
assume that besides the “private” signal about the idiosyncratic demand shock, each firm also

receives a “public” signal, which is the sum of its idiosyncratic demand shock and the economy-



wide common sentiment shock about aggregate demand in the spirit of Angeletos and La’O (2013a)
and Benhabib, Wang and Wen (2015). When firms make their production decision, they then
face not only the aforementioned idiosyncratic uncertainty but also the aggregate uncertainty of
aggregate output coming from the time-varying common sentiment shock. As in the baseline model,
a firm can acquire more information (i.e., making its “private” signal more precise) to reduce its
uncertainty about its idiosyncratic demand shock. As before, when the economy is in a boom due
to a positive TFP shock, firms have stronger incentives to acquire information. So the “public”
signal becomes less important to firms’ production decisions. This means that a firm’s production
is less responsive to its “public” signal and thus the common sentiment shock. This decreases
the volatility of aggregate output and also decreases the uncertainty (forecast error) in aggregate
output faced by each firm. At the same time, as in the baseline model, the idiosyncratic uncertainty
faced by the firms also decreases. In short, a higher (lower) TFP leads to lower (higher) aggregate

volatility and aggregate uncertainty.

Our model yields several predictions in line with the empirical data. First, we find evidence that
the total employment for information acquisition-related occupations is strongly procyclical, lending
direct support to the mechanism of procyclical information acquisition of our model.? Second,
empirical studies support our model’s implication of countercyclical idiosyncratic uncertainty as
measured by the volatility of idiosyncratic forecast error.> Third, empirical evidence (Basu and
Fernald (2001), David, Hopenhayn and Venkateswaran (2015)) also supports our model’s prediction
that reallocation helps explain procyclical aggregate endogenous productivity.* Finally, in addition
to the prediction of countercyclical aggregate volatility consistent with the data, our extended
model in Section 3 implies that aggregate output is more difficult to predict in recessions, which is
consistent with the evidence in Jurado, Ludvigson and Ng (2014). The prediction of our extended
model in Section 3 is also consistent with the notion that sentiment shocks are likely more important

in recessions than in booms.?

Relation to the Literature. We add to the fast-growing literature that follows Bloom (2009)

in studying the interaction between uncertainty and economic activities. Many recent papers have

2Qur estimation is based on the Occupational Employment Statistics (OES) survey data (available from 2001
to 2015), where we use the occupation of “Market Research Analysts” as a proxy for the intensity of information
acquisition. We find that the employment for this occupation is strongly procyclical. The contemporaneous correlation
of the employment for this occupation with output (HP filter data) is 0.64. The procyclicality is also confirmed
when we use several other occupations, such as “Survey Researchers” and “Cost Estimators”, as proxies. Their
contemporaneous correlations with output are 0.55 and 0.84, respectively. For longer-period data, we conduct an
estimation based on the Current Employment Statistics, where we use the employment in the “Marketing Research
and Public Polling” industry as the measure of employment in information acquisition. The data again show that
information acquisition is procyclical. Its contemporaneous correlation with output is 0.63.

3See the evidence in Bachmann, Elstner and Sims (2013), Bachmann, Elstner and Hristov (2015), Campbell et al.
(2001), Gilchrist, Sim and Zakrajsek (2014), Kehrig (2011) and Berger and Varvar (2011).

4Information acquisition in David, Hopenhayn and Venkateswaran (2015) is exogenous, unlike in our paper.

"For example, Kurov (2010) and Lutz (2015) provide some indirect evidence for such a notion using investor
sentiments and stock market data.



extended Bloom’s partial equilibrium analysis to the general equilibrium. Since an increase in sto-
chastic volatility typically generates a comovement problem between consumption and investment
in a frictionless economy, various frictions have been explored. For example, Christiano, Motto and
Rostagno (2014), Arellano, Bai and Kehoe (2012), and Gilchrist, Sim and Zakrajsek (2014) intro-
duce financial frictions and show that financial frictions can propagate uncertainty shocks. Basu
and Bundick (2012) study uncertainty shocks in a New Keynesian model. Bloom et al. (2012)
introduce microeconomic rigidities, such as adjustment costs in capital and labor. In contrast to
our model, these papers treat uncertainty shocks as exogenous and focus on their impact on the
economy. A few theoretical papers model uncertainty fluctuations as the outcome of business cycles.
Notably, Bachmann and Moscarini (2012) consider the endogenous uncertainty in cross-sectional
measures of dispersion.’ In their model, firms face uncertainty about the elasticity of their demand
but can learn gradually from the volume of sales. They show that bad economic times are the best
times to price-experiment. Hence information acquisition is countercyclical and generates counter-
cyclical cross-sectional measures of dispersion. In our model, firms know their demand elasticity
but need to learn the position of their demand curve, which gives rise to a simpler learning problem
and allows us to study time-series aggregate volatility. Ilut, Kehrig and Schneider (2015) show
that if hiring decisions respond more to bad news than to good news, both aggregate conditional
volatility and the cross-sectional dispersion of employment growth are countercyclical. There is no

endogenous information acquisition mechanism in their framework.

Our paper is related to the work of Mékinen and Ohl (2015), who extend the literature on
asymmetric learning and countercyclical uncertainty (see, e.g., Van Nieuwerburgh and Veldkamp
(2006) and Veldkamp (2005)) to encompass costly acquisition. The authors demonstrate that firms’
information demand exhibits countercyclicality, and show that the equilibrium price system mod-
erates aggregate fluctuations by disincentivizing information acquisition. Information acquisition
in their model is endogenous as in our paper. Our paper and theirs complement each other in that
their paper models the learning about the economy’s aggregate state and emphasizes the price sys-
tem transmitting information, where information acquisition is a strategic substitute. Fajgelbaum,
Schaal and Taschereau-Dumouchel (2014) propose a theory of self-reinforcing episodes of high un-
certainty and low activity, through the mechanism of the “wait-and-see” effect together with agents
learning from the actions of others. Straub and Ulbricht (2014) explore the joint propagation of
uncertainty and financial distress, looking at a model where adverse shocks to the financial sec-
tor endogenously generate uncertainty about firm-specific fundamentals. The mechanisms studied
in these papers are related to but different from our model’s emphasis on the two-way feedback

between micro-level uncertainty and macroeconomic activity.

5Cui (2012) and D’Erasmo and Moscoso-Boedo (2012) also study endogenous cross-sectional dispersion and use
approaches different from ours.



Our paper is also related to the literature on information acquisition and welfare. Among
others, Reis (2006), Angeletos and Pavan (2007), Hellwig and Veldkamp (2009), Vives (2016),
Colombo, Femminis and Pavan (2014) and M#kinen and Ohl (2015) study information acquisition
and efficiency. In business-cycle models, Angeletos and La’O (2013b), Llosa and Venkateswaran
(2013) and Mackowiak and Wiederholt (2013) contrast the equilibrium acquisition of information
with the efficient acquisition of information. In our model, there is under-acquisition of information
in the competitive equilibrium. When an individual firm acquires information, it has positive
externality to consumer surplus and negative externality to other firms’ profit. The overall effect
is that the positive externality exceeds the negative externality, so too few individual firms acquire

information in the competitive equilibrium compared with the second-best efficient equilibrium.

The rest of the paper is organized as follows. Section 2 presents the baseline model, highlighting
the basic mechanism. Section 3 extends the baseline model to study aggregate volatility and

aggregate uncertainty. Section 4 concludes.

2 The Baseline Model

2.1 Model Setup

The economy is populated by a large representative household comprising a continuum of identical
workers and a continuum of entrepreneurs, with a unit measure of each. The household derives
utility from leisure and from consumption of a composite final good produced with a continuum
of differentiated intermediate goods. Workers supply labor to entrepreneurs in a competitive labor
market. Entrepreneur j is the monopolist of differentiated intermediate good j. The demand for
each intermediate good j is affected by an idiosyncratic demand shock €;; and by aggregate demand
driven by an aggregate productivity shock A;. At the beginning of each period, after observing the
aggregate productivity shock Ag, entrepreneur j decides whether to acquire information regarding
€jt, and then produces accordingly. At the end of each period, the workers and entrepreneurs pool

their wage and profit income for the household.

The Representative Household The household maximizes its utility

S
maXEOZB ﬁ—¢Nt_¢Net ) (1)
t=0

where C} is the consumption of the household, V; is the total working hours of workers, and N,
is the total working hours entrepreneurs spend on information acquisition (to be specified later).
Note that in our model without capital, a reasonable parameter specification is to set v below 1.

In fact, in our model, v plays the role of the income elasticity of labor supply; empirically, labor



supply is not very sensitive to income and wages are not very pro-cyclical.”

The budget constraint for the household is
PGy < Wi Ny + 11, (2)

where P, is the price of the consumption good, W; is the nominal wage, and II; denotes total
profit income earned by entrepreneurs. For the representative household there is no transfer of
resources across periods, so the infinite-horizon maximization problem becomes the repeated one-
period maximization problem. Our model is essentially static. The first-order condition of the
maximization problem of (1) yields

vey = . ®)
When making its consumption decision (or labor supply decision) according to (3), the representa-
tive household sees the nominal wage W;, and it forms (rational) expectations of the equilibrium

aggregate price P; and thus of the real wage %.8

The Final Goods Producer The consumption good is produced by a competitive final
goods firm facing competitive factor markets according to the Dixit-Stiglitz aggregate production

function:
L1 g1 781
Y, = {/0 €Yt dj] for 6 > 1. (4)
The final good producer maximizes its profit:
Lroo-1 71 1 .
max P, / e]‘?tyjte dj — / PjtY;tds,
Yjt 0 0
where pj; is the price of intermediate good j. The first-order condition with respect to input y;;

implies

—0
DPjt
Yjt = <Iit> €t Y4, (5)

which shows that the demand for intermediate good j is affected by both idiosyncratic shock

€;¢+ and aggregate demand Y;. We assume that ¢j; is independent across time and goods and

logejr = ejr ~ N(—%ag,ag), so the mean of €;; is Eejy = 1; denote 7. = 1/03. It is also easy to

I L
P = [/ €jtPjr dj}
0

Intermediate Goods Producers Entrepreneurs are the producers of intermediate goods.

show that

"We appreciate one referee’s clarification on this point. See more explanations later.
8In our baseline model, there is no aggregate uncertainty, so P, is deterministic and is perfectly foreseen under
rational expectations.



Entrepreneur j is the monopolist of intermediate good j with production function
yjt = Atn]’t. (6)

Entrepreneur j produces y;; to maximize his profit under demand uncertainty driven by ejt.g To
reduce the uncertainty before production, entrepreneur j can spend m working hours to acquire
some information about €;; (for example, via a market survey). If he chooses to do so, he receives
a signal given by

Sjt = €jt T €jt,
where e;; ~ N(0,02), so the precision of the signal is 7. = 1/02. If the entrepreneur does not

acquire information, he knows only the prior, unconditional distribution of ¢;;; equivalently, he

receives a useless signal sj; with o2 = oo.

Entrepreneurs hire workers based on the nominal wage before the actual production and trades
take place. Entrepreneurs of course have to form expectations of the equilibrium aggregate price

P, and hence the real wage when they make their hiring decision.

An informed entrepreneur j chooses y;; to maximize his expected profit
yjt = y(sjt) = arg max B [pjey;e — Winjls;i] (7)
J

with constraints (5) and (6).1° Here E(:|s;;) is the conditional expectation operator over e;q.
Denote the realized profit for an informed entrepreneur by m(ejs, s¢) = Djt (€j¢, Yjt) Yt — Winje (yje)-

Likewise, an uninformed entrepreneur j solves

gjt = arg r%aXE [pjtﬂjt — thjt] (8)
jt

with constraints ¢;; = (%)7 €j1Y; and ;1 = Agnj;. Here E is simply the unconditional expec-
tation operator over €j;. Denote the realized profit for an uninformed entrepreneur by (1) =
pit (€5ts Uje) Uit — Winge (Fje)-

Throughout the paper, we normalize the wage as the numeraire price:
Wy = 1.

Information Acquisition To acquire a signal s;;, an entrepreneur needs to spend a fixed

9Tn Appendix B, we examine the price setting instead of the quantity setting, and our insight carries over.
0The profit in terms of utility units is the amount of profit multiplied by . Maximizing profits is equivalent to
maximizing the “shareholder’s value”.



amount of time m. The ex ante expected profit for a firm acquiring information is
I
T = Eejt,sjt [W(Ejtv Sjt)] = EsthEjt|Sjt [W(ejt’ Sjt)"sjt] :

Throughout the paper, E;(-) denotes the unconditional expectation operator over x and E,,(-|y)
denotes the conditional expectation operator over x conditional on y. The ex ante expected profit

for an entrepreneur not acquiring information is
U _ = (e
Ty = Ee]-t [Wt(%t)] :

As entrepreneurs are identical ex ante, all of them will acquire information if 7/ —m > 7¥ and none
will acquire information if 7/ —m < 7¥. If 7/ —m = 7V, entrepreneurs are indifferent in acquiring
information or not. Denote by ); the fraction of entrepreneurs who acquire information.'’ We

must have
al—m>aV if N =1

il —m=nr{ if\ €(0,1) . 9)
al—m<al ifN=0

Timeline We summarize the sequence of actions by consumers and firms, the information

structure, and the rational expectations equilibria of our baseline model.

1. At the beginning of each period, after observing A;, an entrepreneur makes his decision on
whether to acquire a signal about €;;. Signal s;; is obtained if he pays a constant cost m in

terms of working hours; otherwise no signal (or a useless one) is obtained.

2. Based on signal sj;, nominal wage W; = 1, and rational expectations of P, (or Y;), an
informed entrepreneur decides how much labor n;; to hire to produce his intermediate good.

An uninformed entrepreneur chooses nj; based on the prior of €j;.

3. Given the production of y;; and g;;, price p;; adjusts to equate demand and supply according

to equation (5).

4. Goods markets open. Goods are exchanged at market clearing prices. The final consumption

is realized.

Definition 1 formally defines the equilibrium of our baseline model.

"'The setup of binary choice of information acquisition (i.c., acquiring or not) coupled with a fraction A; of firms
acquiring information (in the spirit of Grossman and Stiglitz (1980)) in the baseline model is for obtaining explicit
and analytical solutions. In Appendix D, we study continuous information acquisition.



Definition 1 An REFE is a sequence of aggregate allocations {C (A:), Y (A), N (A:), II(Ay),
XAy}, individual productions yjz = y(As,sji) for informed entrepreneurs and yj; = y(As) for
uninformed entrepreneurs, and prices {P(A), p(sjt, €jt)}, such that for each realization of A, (i)
C(A;) and N (A;) mazimize households’ utility given the equilibrium price P, = P(A;) and aggregate
profit 11 (A¢); (ii) equation (5) mazimizes the final goods firm’s profit given shocks €j; and equilibrium
prices p(sjt, €¢); (111) given Py and signal sj, y( Ay, sjt) mazimizes the expected profit of an informed
entrepreneur and §(A¢) mazximizes the expected profit of an uninformed entrepreneur; (iv) A A(A)
fraction of entrepreneurs acquire information about their €, so 1L (Ay) = Ml + (1 — M\)n¥; and

(v) all markets clear, namely, C (A;) =Y (Ay) and Ny = 01 %dj.

We now proceed to characterize the equilibrium.

2.2 Characterization of Equilibrium

First, we work out a firm’s optimal production given its information acquisition decision. Next, we
aggregate all firms’ production to obtain the aggregate output Y; as a function of A\; and A;. Then,
we compare 7} and ¢ to solve firms’ information acquisition problem, which yields another function
involving A\; and Y;. Finally, we use these two functions to determine Y; and \; simultaneously as

functions of A;.

Equilibrium Y; for a Given \; Substituting (5) and (6) into (7), we have

- jtyjt> |Sjt} (10)

D=

1—1
yjt(sjt) = arg rr;axE |:<Pt Yy’ (€tYr)
jt

for an informed entrepreneur. This yields

0 0
1 1
i =vlAesi) = (1= 3 ) (P i [B(ehls)| (1)
i 0
where E(e]‘-’t|sjt) = exp [TETJ:TE st + %%75}”6] Similarly, we obtain the production for an
uninformed entrepreneur:
1\ , R
=40 = (1 5 ) (v Bich] (12
L 10
where |E(ef,)| = exp(%lo%e%&). Since a A fraction of firms produce according to (11) and 1 — X

of them produce according to (12), the aggregate production defined in equation (4) becomes

At 1 1 -1 1 1 0—1 %
/0 €5 <E [eftsjt]> dj +/)\ € (E [eft}) dj] . (13)
t

Sl

1\? )
Y, = 1—5 (P A" Y:




The labor demand is simply given by nj; = y;¢/A;. Hence labor market clearing gives

[ ) o [ R4 o

Exploiting the law of iterated expectations (see the proof of Proposition 1 in Appendix A), (13)

1 1\’ )
Nt:Xt 1—5 (PtAt)n

can be transformed into
1 1
—=(1-2)(A 1
2 (1= 7) (Aez) (15)
while (13) and (14) together yield

Y;g = Nt (Atzt) y (16)

where z; = z()\¢) is the endogenous TFP given by

1

2() = [Atz‘H +(1- At)g)ﬂ - (17)

with Z = exp (_%%Ts}rn> and z = exp (—%%T—ls) It is easy to see that 2'(A;) > 0, and z(\; =
1) = Z and z(\; = 0) = z. That is, if more firms acquire information, the aggregate production
becomes more efficient. In fact, efficient allocation requires more resources to be allocated to firms
with higher realized €j;, that is, efficient production should be contingent on realized €j;. So, more
precise information about €j; achieved through information acquisition helps improve allocative

efficiency.

Equations (15) and (16) are intuitive. (16) implies that despite heterogeneity among firms orig-
inating in idiosyncratic demand shocks, our economy works as if there existed a representative firm
with productivity A;z(\¢). (15) means that the real wage, P%,

Ayz(M\), where the proportion 1 — % is the share of labor cost in aggregate GDP (i.e., the average

is proportional to labor productivity

profit-to-revenue ratio in the economy is %)

In equilibrium, (3) becomes P, = in'y, which together with (15) yields aggregate output as a

(o 3) ()

This implies that the aggregate production increases with ;.

function of A\; and A;:

Equilibrium )\; under Information Acquisition We now turn to firms’ information ac-
quisition problem to derive another relationship between A; and Y;. Exploiting the law of iterated
expectations (see the proof of Proposition 1 in Appendix A), we obtain the ex ante expected profit

for an informed entrepreneur,

10



and the expected profit for an uninformed entrepreneur,

v__ 1 1

_ Vip—0,0-1
T —1aA e f

In fact, by using (15), the following relationship holds:

1 . )\tﬂ']{—F(l—)\t)?Tg]‘

0 Y, P, ’

namely, the average profit-to-revenue ratio in the economy is %. It is easy to see that m > 7V.

So informed entrepreneurs always enjoy a higher expected profit. In other words, information is

valuable to firms. However, acquiring information is costly. If A; € (0, 1), (9) implies
I_ .U 1 -0 (0-1 _ _o-1
T — T = ————Y;2 (z —Z ) =m (19)
t

wz/; from (18) into (19), we obtain the second equilibrium

in equilibrium. Substituting A; = %
relationship between Y; and A;:
1 Ol (o _
g (zA)) 0y <z9 1_ 9 1) = m. (20)
Under v < 1, equation (20) defines \; as an increasing function of Y;. The LHS of equation (20) is
the benefit of acquiring information in wtility units, and the RHS is the utility loss from foregoing
leisure. When Y; increases, the benefit increases (under 7 < 1), leading to stronger incentives to

acquire information. Oppositely, under v > 1, (20) defines \; as a decreasing function of Y;.

Put slightly differently, we can rewrite (20) as

%Yt (O (2 - 21 = . (21)
The LHS of (21) is the benefit of information acquisition in consumption units, and the RHS is the
cost in terms of real wage (by noting P, = th_V). Under v < 1, the real wage does not increase
as fast as aggregate output Y; does. Hence, when Y; goes up, the increase in benefit outruns the
increase in cost, so an individual entrepreneur has incentives to switch from being uninformed to
being informed by paying the cost. As A; goes up, the equilibrium (equation (21)) will be eventually
restored. Under v > 1, the opposite applies.

Full Equilibrium Equations (18) and (20) jointly determine Y; and X;. Substituting the
expression of ¥; in (18) into the LHS of (20) yields

1=y

(DT e o

11



When 6+ > 1, holding A; constant, the LHS of (22) is decreasing in A¢; that is, when more other
firms acquire information, the benefit of information acquisition for a particular individual firm is
decreasing. In other words, when ~ € (%, oo), information acquisition of intermediate goods firms
exhibits strategic substitutability; when v € (O, %), it exhibits strategic complementarity. Lemma

1 follows.

Lemma 1 Strategic complementarity (substitutability) in information acquisition coincides with

strategic complementarity (substitutability) in production.

Holding the exogenous TFP A; constant, by (11) together with (3), y;; is decreasing in Y; iff
O~ > 1. In fact, from (5) and (3) together with (11), an increase in aggregate output Y; has two
opposite effects on a particular individual firm in production: the demand curve shifts upward and
the production cost (in terms of real wage) also goes up due to the general equilibrium effect. Under
1 — 6~ > 0, the first effect is stronger than the second effect, so production of intermediate goods
firms exhibits strategic complementarity. We will show that when information acquisition exhibits
strategic complementarity (i.e., v € (0, %)), equilibrium multiplicity can arise.

Based on the above analysis, we can partition  into three regions: vy € (0, %), v e (%, 1), and

v € (1,00). We discuss these three cases of 7 in order.

i) Case of v € (3,1)

We mainly focus on this case because of the empirical relevance of the parameters.'? In this
case, equation (20) defines \; as an increasing function of ¥; and information acquisition exhibits
strategic substitutability. Figure 1 gives a diagrammatic analysis of the full equilibrium for this

case.

2Tn our model, the real wage is given by Wi = 9Y;’. So v measures the elasticity of the real wage to output
changes. This equation also implies that 7 is the ratio of the volatility of the real wage (in log) to the volatility
of output (in log). The US data show that -y is below 1. For example, Stock and Watson (1999) report that the
volatilities of output and the real wage are 1.66 and 0.64, respectively, which implies v = 0.39. Kydland (1995)
and Cheron and Langot (2004) have similar findings. Also, the observed procyclical movement in labor requires
v < 1 in our model without capital. The new Keynesian models routinely assume that v < 1, so there are strategic
complementarities in price setting by firms that generate a persistent real effect of monetary shocks (see the related
lengthy discussion in the book of Woodford (2003)).
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Figure 1: Equilibrium with Endogenous Information Acquisition for the Case of v € (%, 1)

In Figure 1, Y;(\; A) is given by equation (18) while \;(Y;;m) is given by (20).!3 The vertical
lines of Ay = 0 and A\; = 1 correspond to corner solutions in (9). When output Y; is below a
threshold, no entrepreneurs will acquire information. In other words, A\¢(Y;; m) becomes a vertical
line at A\; = 0. Likewise, if output Y; is very large, all entrepreneur acquires information, in which
case \¢(Y;; m) becomes a vertical line again at Ay = 1. When output is in an intermediate range,
an increase in output enhances the incentive to acquire information (under v < 1), so A\i(Yz;m) is
upward sloping. By (18), Yi(A¢; Ay) is also upward sloping. With the help of this graph, it is easy
to see how the equilibrium, corresponding to the intersection between two curves, evolves as A;
changes. Note that under v > % (strategic substitutability in information acquisition), the slope of

the curve given by (18) is smaller than that given by (20) at their interior intersection (i.e., 9%1% <

1
1
the upper-right corner, which means that both Y; and ) increase (weakly).

), so the equilibrium is always unique. When A; increases, the unique equilibrium shifts toward

To obtain a complete characterization of Y; and A;, we first calculate the endogenous TFP z; by
solving equation (22) with considering corner solutions in (9). Then, we can calculate Y; and A;.

See the complete characterizations in Appendix A.'* Once we have \; and Y, it is straightforward

1 1

13 Concretely, the function given by (18) can be written as Y; = co - A, (c1+ caks) =1 %, while the function given by

1
1 1 5 _ _p— _
(20) is Y; = c3- (c1 +c2Ae) T=7, where co = (1—3)7 (i)”,clzz Leg=2""1-2"and CS:(%

" For the special case of v = %, there is a continuum of equilibria (corresponding to A¢ € [0, 1] together with (18))
1

1
1—~

when A; is such that co - Ai = c3; there is a unique equilibrium (corresponding to Ay = 1) when A; is higher, and
there is a unique equilibrium (corresponding to A: = 0) when A; is lower. For the special case of v = 1, there is a
unique equilibrium determined by equations (18) and (20); A¢(Y:;m) becomes a vertical line in Figure 1.
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to obtain the rest of the variables. Based on (16) and (18), we have the aggregate labor:

e

We apply equation (15) to obtain the aggregate price P;, equations (11) and (12) to obtain firms’

production ¥, and equation (5) to obtain price p;;. Proposition 1 summarizes the equilibrium.

Proposition 1 If v € (%, 1), the equilibrium with endogenous information acquisition is unique;
log Y (Ay;m) is continuous and increasing in Ag, and M\(Ay;m) is continuous and increasing in Ay.

Proof. See Appendiz A. R

Under endogenous information acquisition, there is an amplification effect, as shown in Fig-
ure A-1 in the appendix. An initial higher TFP shock increases aggregate output, and a higher
aggregate output increases incentives for firms to acquire information, which increases aggregate
output further (through the endogenous TFP z()\;)), and so on. That is, there is an upward spiral
(multiplier effect).

ii) Case of v € (O, %)

In this case, information acquisition exhibits strategic complementarity and multiple equilibria

are possible. Figure 2 presents the equilibrium.

As(Yiim)

rw A; increases

lé(At:A—it_}

At

0 1

Figure 2: Equilibrium with Endogenous Information Acquisition for the Case of v € (O, %))

In Figure 2, when A; is sufficiently high or sufficiently low, there is a unique equilibrium (corre-

sponding to the corner solution in (9)). When A; is in the intermediate range, there are multiple

14



(three) equilibria, corresponding to \; = 0, A; = 1 and the interior solution of \; to equation (22).1?

Note that under v < % (strategic complementarity in information acquisition), the slope of the

curve given by (18) is greater than that given by (20) at their interior intersection (i.e., ﬁ% >

). We provide the concrete characterization of ¥; and )\; in the appendix (see the proof of

I—y
Proposition 1).

We also prove that in the case of multiple (three) equilibria, the equilibrium of A\; = 1 is the
most efficient and the equilibrium of A\ = 0 is the least efficient. In the least efficient equilibrium,

firms acquire less information and face higher uncertainty, and the aggregate output is lower.

iii) Case of v € (1, 00)

For completeness, we also consider the case of v € (1,00). In this case, information acquisition
exhibits strategic substitutability and the equilibrium is always unique. Nevertheless, equation (20)
defines \; as a decreasing function of Y;. Figure 3 presents the equilibrium in this case. It is clear

from the figure that an increase in A; will lead to less information acquisition (i.e., a lower \;) in

equilibrium; see Benhabib, Liu and Wang (2015) for further details.

Y

‘Vw A; Increases

= A
0l 1

Figure 3: Equilibrium with Endogenous Information Acquisition for the Case of v € (1,00))

Before closing this subsection, we would like to point out that shocks on ¢ have effects similar
to shocks on A; (under even less restrictive parameter values). In fact, we can verify that as long
as y > %, there is a unique equilibrium, in which both Y; and \; are decreasing in v; there are

multiple (three) equilibria under vy < 3.

5The middle equilibrium, corresponding to the interior solution of ), is unstable to small deviations from this
equilibrium.
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2.3 Implications for Idiosyncratic Uncertainty and Firm-level Dispersion

Having obtained the equilibrium Y; and A\, we now discuss the implications of the baseline model.

Idiosyncratic Uncertainty In equilibrium, the residual idiosyncratic uncertainty (forecast

error) faced by an informed firm is

1

Te+ Te

SD (ejilsjt) =

which is lower than ,/%, the residual idiosyncratic uncertainty faced by an uninformed firm.
Considering that a higher A; is accompanied by a higher Y; in equilibrium, Corollary 1 follows

immediately.

Corollary 1 In the economy of the baseline model, information acquisition is endogenously pro-

cyclical and the residual idiosyncratic uncertainty faced by firms is countercyclical (under ~v €

(5:1))

Corollary 1 is a key result of our paper. It highlights that information acquisition in our model is

endogenous and procyclical, which has implications for countercyclical uncertainty faced by firms.

Firm-level Dispersion The empirical literature often uses firm-level dispersion as a proxy
for economic uncertainty. We examine two measures of firm-level dispersion. First, we calculate
the standard deviation of production (in log) at the firm level for a given A; and m. As logy;; =

lognj; + log A, employment at the firm level has the same standard deviation as production. We

obtain
0 1 if log Ay <log A
SD (log yj1| Ar) = [At (7 m) + 25 (7;15)1 "o, iflogA<logA; <logA | (24)
(T;;Te)% o if log A; > log 4

where we calculate volatility as SD (z) = \/ E2 () — [B (z)]%. The second line in (24) is increasing

in A; € [0,1] under parameter condition ¢ i < 49216

Second, we calculate the standard deviation of revenue-based TFP (or productivity) in log at

the firm level, defined as SD (log [(y;ipjt) /njt]). As logy i = lognj;+log As, the standard deviation

YThe requirement of a parameter condition is due to the mized distribution of log yj¢ in our baseline model: a
fraction 1 — \; of firms form a mass-point for the distribution of production, while the remaining fraction A; is
non-atomic.

16



of logpj; at the firm level is the same as that of log [(y;ip;¢) /njt]. We obtain

% 1 if log Ay < log A
() +a-MmG)° 2 _
SD (log [(yjtpjt) /nji] |Ae) = L L 112 if log A < log Ay <log A
P =) [ghads — ]
TE+TE) if log A; > log A
(25)

The second line in (25) is decreasing in Ay € [0, 1] under parameter condition T;Ten% < 462,

Corollary 2 Suppose —T=—-L < 462, In the economy of the baseline model, the firm-level disper-

TetTe Te

sion in production or employment is procyclical, while the firm-level dispersion in productivity or

sale price is countercyclical (under vy € (%, 1))

Proof. See Appendiz A. R

The intuition behind Corollary 2 is the following. In a boom with a higher aggregate output,
a larger fraction of firms acquire information and thus their production is more responsive to their
true demand shocks, which leads to a higher dispersion of production and a lower dispersion of
productivity across firms. We can verify that the dispersion of sales across firms is procyclical.
Note that more precise information about idiosyncratic shocks €;; leads to firms’ sale prices being
more similar; in the extreme case where firms have perfect information about idiosyncratic shocks
(i.e., Te = 00), for example, their sale prices would be the same (i.e., they would achieve the same

optimal markup).

Corollaries 1 and 2 together might give a theoretical clarification for two concepts: economic
uncertainty faced by the firms and firm-level dispersion as a measure of uncertainty. In our model,
firms face a decrease in economic uncertainty in a boom, which is also the case in the recent
work of Fajgelbaum, Schaal and Taschereau-Dumouchel (2014) and Straub and Ulbricht (2015).
However, the uncertainty measured by firm-level dispersion (in production) can increase in a boom.
In other words, firm-level dispersion as a proxy for uncertainty does not necessarily covary with

uncertainty.'”

2.4 Implications for Total Factor Productivity (TFP)

We now study the implications of our model for aggregate TFP. Since the endogenous TEP z(\;)

in equation (17) increases in A¢, we have the following corollary.

1"We owe this point to a referee.
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Corollary 3 Under v € (%, 1), the measured endogenous total factor productivity (TFP) is pro-

cyclical.

Recent studies by Restuccia and Rogerson (2008) have suggested that misallocation of resources
across firms can have important effects on aggregate TFP. Hsieh and Klenow (2008) estimate that
misallocation leads to a manufacturing TFP loss of 30-50% in China and 40-60% in India. Inspired
by these studies, a growing literature has attributed resource reallocation to be an important deter-
minant of TFP. Nevertheless, the literature has pointed to various reasons for resource misallocation,

such as borrowing constraints, political influences, trade barriers, and so on.

Corollary 3 indicates that information frictions could be another important source of resource
(mis)allocation. Due to ex ante demand uncertainty, ex post resource allocation is not efficient, in
the sense that the ex post marginal product of labor is not equalized across firms. More information
causes labor to be allocated toward firms with a higher marginal product of labor, resulting in a
higher measured TFP. As information acquisition is procyclical, measured TFP is also procyclical.
Interestingly, David, Hoppenhayn and Venkateswaran (2015) show that uncertainty in idiosyncratic
demand shocks can generate a very significant TFP loss (i.e., ranging from 7 to 10% for China and
India). This provides evidence for the key mechanism in our model, that uncertainty-induced

reallocation is an important source of endogenous productivity fluctuations.

The procyclicality of TFP is a well-documented fact (see, e.g., Rotemberg and Summers (1990),
Basu and Fernald (2001)) but it also poses a long-standing difficulty to business cycle theories
based on demand shocks. One traditional explanation is cyclical capital utilization (e.g., Burnside,
Eichenbaum and Rebelo (1995), Bai, Rios-Rull and Storesletten (2012)): firms use resources more
intensively in booms, so the measured TFP increases. The information acquisition mechanism in
our model provides an alternative explanation.!® Basu and Fernald (2001) find that in booms
productive factors are reallocated from firms low in social marginal productivity to firms high in

social marginal productivity, as our model suggests.

'8 Qur model implies that the aggregate markup is %, a constant, and so is the measured labor wedge. The latter

does not square well with the data. This limitation of our model in this respect is due to the well-known constant price
elasticity of the Dixit-Stiglitz aggregator. Many papers have shown that borrowing constraints in terms of working
capital can generate countercyclical markups (e.g., Jermann and Quadrini (2012), Benhabib and Wang (2013). In
the earlier version of our paper (Benhabib, Liu and Wang (2015)), we introduced a working capital constraint

Wingi < ¢ Er [pjyjelsje]

similar to that in Benhabib and Wang (2013). In that case, shocks to {, generate countercyclical markups and hence
countercyclical measured aggregate labor wedges. Moreover, it is also possible to generate countercyclical labor
wedges if households face uncertainty and acquire information on v (consumption risk). The study of labor wedges
is known to be important for understanding labor fluctuations (see Shimer (2009) for a review). But this study is
not the focus of our paper and we leave it to future research.
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2.5 Welfare Implications

We study the welfare implications of our baseline model. Total social welfare is measured by

U(Ct) — YNy — pmA (26)

1—
where U(Cy) = %, Ct = Y:, and Y; and N; are both functions of A; given by (18) and (23),

respectively. The optimal ); for the social planner under the constrained second-best equilibrium

is given by the first-order condition of (26):

dU(Y,)dY,  dN,

Applying (18) we have

dU(Yy)dYy ., dY;dz
dYt d)\t a t dZt d)\t
— vy 1y 1 ,2—0 (20—1 _ Za—1>
¢ vz O—1"" -
dYy dvﬁ
Dot arg
_ 1 1
= Y77 x 7}/22151—0 (5971 _§071>
N~ 0—1
dU (Y3) ~~
dYy; dYy

and applying (23) we have

d Ny 1 _ 1 1 0 (—o— _
Dy <1—9) (1-79)Y, Vxe—ﬁytztl 6(29 1_ 40 1).

So we can write (27) as
1 N 11 gt _

Equations (18) and (28) jointly give the constrained second-best equilibrium, noting that (28)
parallels (20). Figure 4 depicts the constrained second-best equilibrium versus the market equi-
librium. The Y;(\; A;) curve, given by (18), is the same for both equilibria. However, since
ﬁ + L_lé > %, the A\¢(Yz, m) curve in the constrained second-best equilibrium is always on the

5
right of its market equilibrium counterpart.
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Figure 4: Market Equilibrium versus Constrained Second-best Equilibrium

Proposition 2 The equilibrium X\; is lower in the competitive equilibrium than under the second
best (when 0y —1 > 0). That is, too few individual firms acquire information in the competitive
equilibrium.

Proof. See Appendiz A. R

The intuition behind Proposition 2 is as follows. When an individual firm acquires information,
it has two externalities: to other firms’ profit and to the consumer surplus. Actually we can
decompose and quantify these two externalities. Concretely, the social welfare can be decomposed

into

cr

i
(7

— PNy —1p(mAy)

Yi) + Y (PY;—Ny) — p(mA)
~—— — ——

Aggregate firm profits  Information acquisition costs

Consumer surplus

(Yi(Me)) ) + I (Yi(Ae), M) — (mAy),

1 1v01 (A0 10 0—1 . . . .

where I (Y;, M) = 575(1 — 5)° (j) Y, 77 (2(M\))" . The third line above is obtained by

applying P, = # in (3) and (Y, \) = Ml + (1= X)) 7Y, An individual firm’s optimal
t

information acquisition problem is given by the first-order condition, taking Y; as given:

aHt (Yi7 )\t)
o\

Private value

¥ =9 (n] =7 ) = ¢m.
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In maximizing the social welfare, the social planner takes Y; as endogenous and thus his first-order

condition is

o(5%7) ay;

av; L OL(Yi, ) dY, L)
Y; dN\¢ Y, dM; O\
Externality to consumer surplus Externality to other firms’ profit Private value
>0 <0
(29)

The overall effect is that the positive externality to consumer surplus exceeds the negative exter-
nality to other firms’ profit, so too few individual firms acquire information in the competitive
equilibrium compared with the second best. In fact, we can calculate the sum of the first two terms
in (29):
Y oyl
9 (th ) dy;

M A Wl R Wt

by noting that % > 0.

3 Idiosyncratic Uncertainty and Aggregate Volatility

In this section, we conduct a simple extension of the baseline model to show that under the mech-
anism of endogenous information acquisition, countercyclical idiosyncratic uncertainty also mani-
fests as countercyclical aggregate volatility. To do so, we necessarily need to introduce an aggregate
(common) shock. We consider the aggregate sentiment shock in the spirit of Angeletos and La’O
(2013a). The aggregate sentiment shock is a non-fundamental shock. We show that in a boom due
to a positive TFP shock firms optimally choose to acquire more information, so they are less respon-
sive to the non-fundamental sentiment shock, leading to a decrease in the volatility of aggregate

output.

Information Structure and Information Acquisition FEach entrepreneur receives two
signals: x;; and sj;. First, following Angeletos and La’0O (2013a), an entrepreneur receives a

sentiment-related “public” signal:
Tje =€t + A, where A; ~ N(O, O'ZA), (30)

where the noise term, A, is the economy-wide common sentiment shock about aggregate demand
(denote 7o = 1/03). Second, as in the baseline model, s;; is a “private” signal about the idiosyn-
cratic demand shock, i.e.,

sji = €jt + eji, where ej ~ N(0,02). (31)
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As in the baseline model, we consider discrete information acquisition; that is, if entrepreneur j

spends m working hours acquiring information, the precision of his private signal s;; would improve.

Timeline In the presence of aggregate shock A; (which is imperfect information for entrepre-
neurs), the aggregate output Y; and hence the aggregate price P; are not deterministic. So when
making decisions, entrepreneurs have to form expectations about Y; (or A;). The timing of events

in this extended model is as follows:

1. At the beginning of each period, A; and A; are realized. The representative household has

full information regarding A;."

2. After observing A;, an entrepreneur makes his decision on whether to acquire information or

not.

3. Based on signals, z;; and s;;, and nominal wage W = 1, an entrepreneur decides how much
labor nj; to hire in producing his intermediate good. An entrepreneur has to optimally

forecast the real wage Wy /P, based on A; and his signals.

4. Given the production y;¢, price p;; adjusts to equate demand and supply according to equation
( 5) _20

5. Goods markets open. Goods are exchanged at market clearing prices. The final consumption

is realized.

3.1 Equilibrium with Exogenous Information

Before we turn to the case of endogenous information acquisition, we first analyze the equilib-
rium under exogenous information. That is, in this subsection we assume precision 7. = 1/02 is

exogenously given and symmetric (same) for all entrepreneurs.

Since the representative household has perfect information about A;, its consumption problem

(or labor supply decision) is still given by (3).2! An entrepreneur’s production decision is still given

YPFirms may obtain some information from households on A, for example a second noisy signal on sentiments
(see Benhabib, Wang and Wen (2015), section 2.8). However, as long as the signal has some noise, our results would
hold. A more formal treatment of this can be in the spirit of the analysis in Benhabib, Wang and Wen (2013) who
introduce heterogeneous but correlated sentiments across households, so surveying a subset of households still leaves
some sampling noise, assuming of course that surveying the full population of households is too costly or infeasible.
For a related setup see also Angeletos, Lorenzoni and Pavan (2010); in their two-stage model, the public information
(sentiment) of entrepreneurs in the first stage is not revealed to financial investors in the second stage. Finally, for
further discussion of the microfoundations of signals, see section 3.1 of Benhabib, Wang and Wen (2015).

20The final goods firm might be informed of {e;;} just at this stage, later than entrepreneurs making their production
decisions in stage 3. Even if the final goods firm knows {e;;} before entrepreneurs do, the information cannot be
perfectly revealed to the entrepreneurs. A formal justification, for example, is that there is a continuum of final goods
firms who have heterogeneous demand distribution over {£;:} and the aggregate demand for any intermediate good
j across these final goods firms is still €j;; so a sample of final goods firms can only have noisy information about
{eji}-

21Tn the presence of aggregate shock A, the real wage depends on Y; or Ay (but not on idiosyncratic shocks {&;:}).
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by (10) with the information set now changed to {zj, s;}; that is,

1 0 At 0 lffy 1 0
yjt = y(At, -Tjt, Sjt) = <1 — 0) < w > {Et |:<thg e]‘?t> ]xjt, Sjt:| } . (32)

Note that Y; is a function of A; and thus an entrepreneur has uncertainty about Y; and has to form
expectations about it, which is different from the case in the baseline model. The aggregate output

is hence given by
7]

11@_% 19At9 1, 11 -1 J71
Y, = [/0 AT dj:| = <1—9> <¢> /0 €% (E {Ytg e;)t]a:jt,Sjt]> dj . (33)

Equations (32) and (33) jointly determine the aggregate and individual equilibrium outputs. Once

we have obtained Y; and y;;, we can first use (3) to compute the aggregate price P, and then use
(5) to compute the individual price p;;. We use the guess-and-verify strategy to obtain Y; and y;;.

We have the following proposition.
Proposition 3 Under the information structure of (30) and (31), aggregate production is given by
- 1
logY; =logY + —log A; + kA, (34)
Y

2

where Y depends on 0, 1, v, 02, 02, and O'QA, and

TA
= . 35
" Oy (T +Te) + TA (35)

The individual production is given by

log yjt
log § + — log A; + | — & (0y — 1) e T Te 4 Oy —1) k] T
= lo —lo _ — —)k——m—mm— | x; - 1)Kk ——m
By Rt v ra . TetTa+7e] " K Tet+Ta+7e ’
where § depends on 0, ¥, v, ag, o2, and 0'2A.

Proof. See Appendiz A. B

3.2 Endogenous Information

We assume that A; only takes one of two values, A; € {Ag, Ar}, where Ay > Ar. We construct
Ap and A such that the information acquisition of the firms is symmetric. Specifically, all firms
acquire information in equilibrium after observing A; = Ay but none does so after observing

Ay = Ap. That is, we specify parameters to highlight the mechanism that the level of information
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precision chosen by entrepreneurs is endogenous and increasing in A;. To save space, we provide

the details of this subsection in the appendix.

We also prove that if Ay >> Ay, then E [logY;|A; = Ap] > E[logY;|A; = Ar]. Thus, we have

Proposition 4.

Proposition 4 The economy exhibits procyclical information acquisition (under v < 1).

Proof. See Appendiz A. R

The intuition for Proposition 4 is similar to that for the baseline model. Under v < 1, the real
wage does not increase as fast as aggregate output Y;. Hence, when Y; increases, the increase in
the benefit of information acquisition (in terms of consumption units) outruns the increase in the
associated cost (in terms of real wage), so the incentives to acquire information become stronger.

Proposition 3 and Proposition 4 together also imply that the sentiment shock A; is more im-

portant in recessions than in booms. In fact, the coefficient s of term A; in (34) is decreasing in

Te Or Aj.

We can alternatively assume that information acquisition is symmetric across firms and is a
continuous function of A;. We show in Appendix D that our results in this section (Proposition 4

and Corollary 4 below) are robust to this alternative setup.??

3.3 Implications for Measured Uncertainty

First, it is straightforward to show that in equilibrium the residual idiosyncratic uncertainty faced

by a firm decreases with information acquisition. In fact,

1
SD (ejilje, 5je) = 1/ pryprpy
e £

that is, SD (ej¢| ¢, sj¢) is decreasing in 7e.

Next, we calculate aggregate volatility, a common measure of economic uncertainty. The aggre-
gate volatility in our model comes from the time-varying common sentiment shock A; for a given
Ay. We measure aggregate volatility as the unconditional standard deviation of aggregate output

(in log). Based on (34), it is given by

2
A 1
Oy (Te +7e) +7A| TA

SD(log Yi|A;) =

*2Discrete (binary choice) information acquisition and assuming that A; takes one of two values is for tractability
and to obtain analytical solutions. In the presence of an aggregate shock, the model is intractable if we assume
asymmetric information acquisition across firms as in the baseline model (i.e., some firms acquire information while
others do not). This is because aggregating in (33) is intractable after obtaining y;¢. On the other hand, if we assume
that information acquisition is symmetric across firms and is a continuous function of A¢, as in this extension, we
cannot obtain an analytical solution and must rely on numerical simulation.
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Clearly, SD(log Y;| A;) is decreasing in 7.. That is, aggregate volatility decreases under more precise

information. Moreover, the residual aggregate uncertainty (or forecast error) faced by a firm is

TA 1
SD (log Yi|As, j1, 55) = 0y (e + 7e) + 7a \/; (37)

which is decreasing in 7.

Third, we calculate firm-level dispersion. For a given realization of A; and Ay, heterogeneity of
¢j+ and ej; across firms generates firm-level dispersion. Based on (36), the standard deviation of

production or employment is given by

Oyt 1 OyTe 1

2 2
7_’_ s
(TE+Te)+TA:| Te [97(75+76)+m} Te

SD (logy;t|As, A¢) = \/{1 “

which is increasing in 7.. The standard deviation of revenue-based TFP (productivity) or sale price

is given by

1

2
S (og [(pe) /e | A1, &) = 9\/ | e, (39)

which is decreasing in 7, in the interval 7, € [% — Te, oo). Note that parameter condition % —

Te <0 (or 7 > 42 ) is easy to satisfy and we assume such a parameter condition, so (38) is always

decreasing in 7. Corollary 4 follows.

Corollary 4 The economy exhibits i) countercyclical idiosyncratic uncertainty, ii) countercyclical
aggregate volatility and countercyclical aggregate uncertainty, and iii) procyclical firm-level disper-

ston in production and countercyclical firm-level dispersion in productivity.

Proof. See Appendiz A. R

We discuss the intuition behind Corollary 4. In our model, aggregate volatility comes from the
common sentiment shock A;. When firms acquire information about signal s;; and become more
informed of their idiosyncratic demand shock €5, they are less responsive to signal x;; and thereby
the “common demand shock” A;, which decreases the aggregate volatility. In the extreme case
of 02 = 0, for example, intermediate goods firms become perfectly informed of their idiosyncratic
demand ej; for A; = Ay and the aggregate volatility becomes zero. When an individual firm uses
signals xj; and sj; to forecast Y3, the forecast error is also countercyclical because of two joint forces
— countercyclical unconditional aggregate volatility and procyclical information precision (as seen
in (37)). As for firm-level dispersion, like in the baseline model, when firms are more informed of
their ej;, their production is more aligned with their €j;, thus increasing firm-level dispersion in

production and decreasing firm-level dispersion in productivity.

Corollary 4 implies that our model’s predictions are consistent with countercyclical idiosyncratic
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uncertainty, countercyclical aggregate uncertainty, and countercyclical aggregate volatility, but not
countercyclical firm-level dispersion in production. In Appendix C, we consider an extension, which
can also explain countercyclical cross-sectional dispersion in production. The basic intuition is the
following. We assume that there are two layers of production: the final good is produced from a
continuum of sectoral goods, and each sectorial good is composed of a continuum of differentiated
goods with each being produced by a monopoly firm. A firm’s “public” signal is the sum of
the economy-wide common sentiment shock, the sector-specific sentiment shock and the firm’s
idiosyncratic demand shock. The cross-sectional dispersion comes from the heterogeneity of sector-
specific sentiment shocks. When firms acquire more information, they are less responsive to their
“public” signal and thus their sector-specific sentiment shock, so the cross-sectional dispersion goes

down.

4 Conclusion

In the large and growing recent literature on economic uncertainty, one important issue seems to
have received particular attention: the direction of causality between economic uncertainty and
macroeconomic activity. While some researchers propose that the causality runs from the second
moment (uncertainty) to the first moment (macroeconomic activity) through mechanisms such as
the traditional “wait-and-see” effect and the rise in the cost of capital due to the concave payoffs of
debt contracts, some empirical findings suggest that the direction of causality might go the other

way round.

In this paper, we develop a third approach, suggesting that fundamental shocks such as a
TFP shock can simultaneously drive uncertainty movements and business cycles and trigger two-
way feedback between them.?? We introduce endogenous information acquisition for firms facing
demand shocks in an otherwise standard monopolistically competitive model. The precision of
the information about demand shocks optimally acquired by firms varies across business cycles.
Procyclical information acquisition arises naturally in our model with standard preference and
technology specifications. The endogenous information acquisition affects not only the residual
uncertainty (forecast error) faced by the firms in equilibrium but also the efficiency of resource
allocation — the endogenous TFP. The prediction of our model is consistent with the observed
countercyclical aggregate volatility — the macro-level measured economic uncertainty. Our frame-
work can also be extended to explain countercyclical cross-sectional dispersion — the micro-level

measured uncertainty.

3 Financial friction shocks can have an effect similar to TFP shocks (see Benhabib, Liu and Wang (2015)).
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Appendix

A  Proofs

Proof of Proposition 1: First, we have

. 0
foo-s

1 1 6—1
/ ]9t (E |:€]('gt|5jt:|) dj = Efijt,sjt

By the law of iterated expectations, it follows that

and

= E

Sjt

= E

Sjt

1 0 1 1 -1 171\? 1 17\ 01
Hence, [ <E [ej‘-’t]sjt]> dj = [ € <E [eﬁt\sﬁ}> dj. Similarly, [ <E [e}ﬂ) dj = [ € <E [e]“’t]> dj.

Thus, we find that

A1 1 0-1 1 17\ 01 A 7 ’ '
/0 Ejet <E |:€;t’5jt:|> dj+/}\ e]f’t (E [e;’t}> alj:/0 <E |:6;t|5jt:|> dj+/}\ (E [e‘

based on which (13) can be transformed into (15) while (13) and (14) together yield (16).

ol
[EE—'
N————

S
&

1

0
Second, we calculate [ <E {e;t|sjt}> dj. Then all key variables can be expressed with this

0
term. We have [ (E [e}tbﬁ}) dj = [ (B [exp (§cjt) |5]t])9dj. By the property of log-normal

distribution, we further obtain

Jelos(iel)s

0
N /eX Li_ _1g b s, +1 12 ! dj
P 0|7+ Te 2°¢ Te+ Te gt 2\0/) 1.+ J

10-1 1 o
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L1\ O
Also, when 7, = 0, (A.1) corresponds to [ (E [ef’ }) dj = exp [—%%%} = 20-1,

Third, using the above results, we obtain

which proves equation (17).

Fourth, we calculate the ex ante expected profit for a firm. For an informed firm, its realized

profit is

m(€je, s5e) = Dje (€56, Yje) Yje — Wenge (yje)

1 0—-1 1 0—1 1 1 1 0
= <1 — 0) PteA?—l}/t { [E(eft\sﬁ)} Ejt - (1 - 9> |:E(€j9t‘3jt):| } .

Exploiting the law of iterated expectations, we obtain

7Ti’ = EEjt,Sjt [W(ﬁjta Sjt)] - Esthejt|sjt [W(Ejt’ Sjt)‘sjt]
1\ 0 40-1v, 1L ] '
= (1-5 PrAY Yo 5By, | | B(ef]siie)
L 1 51
- - = Y;
9 1 At 2t ty

where the last line is obtained by applying }.% =(1- %) (Ayz) in (15). Similarly, we can find the

ex ante expected profit for an uninformed firm:

1 1

U 6—1_-06

7Tt:0_1At§ “ Y;t

Fifth, we work out the expressions of equilibrium variables Y; and A;. The full equilibrium is

given by (22) with considering corner solutions in (9). Denote the LHS of (22) by function G(\;).
i) The case of 7y € (%, 1)
When A; is lower such that G(\; = 0) < ¢»m (by noting that G'(\;) < 0 for # > 1), the unique
equilibrium is Ay = 0. When A; is higher such that G(A\; = 1) > ¥m, the unique equilibrium is
At = 1. When A; is in an intermediate range such that equation (22) has an interior solution of

A¢, the unique equilibrium corresponds to the interior solution. Concretely, the expression of the

equilibrium variables is given by (A.2) and (A.3):
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1
logY; =log(0 — 1) + —(log A + log 2)
Y

[log(H —-1)+ %logg} + %log Ay if log A; < log A
= {log(G — 1) - 971—1 log <29_1T§9—1):| + OGW_—ll log Ay if logA <log Ay < IOgZ (AQ)
[log(@ —-1)+ %log?} + %log Ay if log A; > log A
and
-1 _ 61
A = ;—1 _ ie—l
0 if log A; < log A
B (s )*(3591” exp (2500 10g 4,) 501
= Z0—1_,0—1 707113 07?771 g At |~z i logA < log At < logZ s (A.3)
1 ) if log A; > log A

- Ov—1
where log A = ﬁlog <29,1%§ v ) and log A = %log (W? 5 ), and to simplify

2=

1 1

notation we normalize ;15 (1— §)~ (E) = 1 without loss of generality.

Figure A-1 shows the amplification effect (multiplier effect) discussed in the main text.

Y As(Yi:m)

A; Increases

}-:t()\t:‘_lt_}

At

0 1
Figure A-1: Amplification Effect under Endogenous Information Acquisition for v € (%, 1)

ii) The case of v € (0, §)

If equation (22) has an interior solution A; € (0, 1), there must be three equilibria: besides the

equilibrium corresponding to the interior solution, Ay = 0 and 1 are also equilibria. In fact, when

Oy <1, G'(M\) > 0. So G(A\r = 1) > ¥m. By (9), the corner solution \; = 1 is also an equilibrium.
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Similarly, the corner solution A; = 0 is another equilibrium.
When A; is lower such that G(A\; = 1) < 1m, the unique equilibrium is Ay = 0. When A; is
higher such that G(A\s = 0) > ¥m, the unique equilibrium is Ay = 1. When A; is in an intermediate

range such that equation (22) has an interior solution of \;, there are three equilibria.

Concretely, there are three equilibria for log A < log A; < log A (by noting that A < A under
6y < 1, and A and A are defined in (A.3)). Besides the equilibrium given by (A.2) and (A.3), the
expressions of the two additional equilibria are log z; = log z with logV; = |log(f — 1) + %bg g] +
%log A and log z; = logz with logY; = [log(& —-1)+ %logf +% log A;. For log Ay > log A and
log A; < log A, the unique equilibrium is given by (A.2) and (A.3).

iii) The case of v € (1, 00)

When A; is lower such that G(A\; = 1) > 1m, the unique equilibrium is Ay = 1. When A; is
higher such that G(A\; = 0) < ¥m, the unique equilibrium is Ay = 0. When A; is in an intermediate
range such that equation (22) has an interior solution of A;, the unique equilibrium corresponds to

the interior solution. Concretely, the expressions of the equilibrium variables are as follows:

1
logY; =log(f — 1) + —(log A + log z¢)
Y

[log(ﬁ —-1)+ %logf} + %log Ay if log At <log A
= [log(@ —-1)— 971_1 log (59,1729,1)} + 97 1 log A; if log A <log A; <logA
[log(ﬂ —-1)+ %logg} + %log Ay if log A; > log A
and
. ]
tT 01 201
1 if log A; < log A
_ (77” >_ (z;i)lv exp(—i(e_l)h_l) log;A,:)—z‘g_1 _
- ERLEPU 20_1728_197_1 — if logA <logA; <logA ’
0 if log A; > log A

Oy—1

6y— J—
where log A = % log (Wz%) and log A = % log (%z g ) See also Benhabib,
Liu and Wang (2015) for the case of v € (1, 00).

Sixth, by (A.2), log Y;(As;m) is continuous and i 1ncreas1ng in Ay under 57— > 0 or «y > . By

(A.3), A (Ag;m) is continuous and increasing in A; under 0— >0o0r§<7y< 1

Finally, we prove that in the case of multiple (three) equilibria under v € (5, 1), the equilibrium
with Ay = 1 is the most efficient and the equilibrium with A\; = 0 is the least efficient. By (22), in
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the case of multiple (three) equilibria, the following equation holds:

6-3)3 v o

As shown in Section 2.5, the welfare is measured by U(Cy) — ¥ Ny — ¢ym)A;. Hence, the welfare for

the equilibrium of A\; =1 is

1 1 N\ (AN T e, .
O NG ee

the welfare for the interior equilibrium is

5 (-] (5) 7 (2) 00 e nas ] oma

and the welfare for the equilibrium of Ay = 0 is

0T e

It is easy to show that (A.4)>(A.5)>(A.6). In fact,

[

and

T )T ) )

Even if we consider only the aggregate profit but not the consumer surplus, the equilibrium
with A\; = 1 would still be the most efficient and the equilibrium with \; = 0 still the least efficient
because ﬁ — (1 — %) > % Also, considering that firms are symmetric and have the same level of
profit in any given equilibrium, the equilibrium with A\; = 1 is also Pareto efficient.
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Proof of Corollary 2: Denote the type of firms acquiring information by I and the type of those
that do not by U. We examine the dispersion of production across intermediate goods firms. We

find

AN T 1 T 11
ygl‘t = y(A, s5t) = (1 — 9) (PtAt)ei/}exp [ < <_202> + e .+ ] .

Te+ Te
We have
2 2
E {(log y]]t) } = Var [log yjlt} + [E (log yjlt)]
2 2
_ Te 2, 2 1, 11 1
N <7'5+7'e> (U€+06)+<('0 2J€+2975+76
B T A 11 111 2
N Te + Te Te 14 27, 2071.4+71.)

where ¢ = log [(1 — %)6 (P A)° Yt} Similarly,

Un2 1, 11 ,)\2
E[(logyjt) } =\v—350:+55%) >

where ijt = y(A;). Thus,
Varlogy;] = E [(bgyjtﬂ — [E (log yj+)]”

ME [(log yft) 2} i ME <log yjft)
foaE {(logy%y] +(1-X)E (log?/%>

Te 1 At — )\? Te 1\2
= )\t — |+ D) - )
Te+ TeTe 46 Te+ TeTe
which is a quadratic equation with respect to A;. It is increasing in A, € [0,1] if and only if
2
—Te 1> 1 ( Te i) , that is, —Te— L < 402

TetTe Te — 402 TetTe Te ) Tet+Te Te —

Denote by pJI.t the sale price for an informed firm and by p% the sale price for an uninformed

firm. So,

I 1 Te 1 9 n Te n 1 1 n 1 Te
L =expepr+ | —= ——0 ——ejt + — = £/
Pit P 0) [T+ Te 2°¢ Tet7e ' 2074 7o O7.+7c

U 1 1, 1, 1
Pjt = €Xp {1t ) T 50 +%O—a +§€jt

and
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1

1 _ 1
where ¢; = log [Pt Y, (1 4) ! (PA)Y, 9]. We have

[(logpjt) } Var [logpjf-t] + [E (logpjl-t)] 2

E
1)’ S (WY e N e o (Y[
0 TE+T€ e 0 Te+ Te e 1 0) 2071, + e

and
2 2
E {(10gpj@;) ] = Var [logijt] + [E (logp%)]
1 22+ AT 2
= (=] o - == .
g) 7T 0) 207
Thus,
Varllogpj] = E [(logpjt)Q] - E (logpjt)]2
1\? 1 1\? 11 1177
- (- =) () 2 —n) | =~
t<0> (TE+T6)+( t) <9> Us+ t( t) |:2027—5+7—e 2027—5 )
which is decreasing in A; € [0, 1] if and only if —Te— 71 < 462
Because pﬁjyj = pjtA¢, we also have Var [log pjs] = Var [log p”y”}

Proof of Proposition 2: Equations (18) and (20) jointly give

1—~6

(i)il e e N G B

1 1
9—1u_§)

2=

Equations (18) and (28) jointly give

1 1
1 y—11 N AN o 015 (o1 -
“l(1=2 2 P 1— A ] ”( 1_ 1): .
0-17 " 4 9}< 9) <¢> S ’ : v
(A.8)
Notice that the LHS of (A.8) is always greater than the LHS of (A.7) while their RHS are the
same. Also, when 1 — 6y < 0, the LHS of either (A.7) or (A.8) is a decreasing function of \;. So

the optimal A\; given by (A.7) must be lower than that given by (A.8).

We calculate

I (Ye, Ae) = )\tﬂt (1_)\23

= oaYe [W“ RO
1 1,1 /A
= e (A T oo,



where the last line above is obtained by applying z; = %1&14%1@ from (18). Then,

1—
BQHK”ME+8EMWME

Y, A\ oY,  d\
1 1, /AN dy,
= |WwWr+—@a-) (2 1—0y) Yy, 07,01 =22
W - () ey O
1. dy;
R W

where the third line is obtained by applying % = e%Yt’yth from (18).

Proof of Proposition 3: An individual entrepreneur uses x;; = ¢j; + A and sj; = €51 + €t
to infer ¢j; and uses z;; = A +¢j¢ and xj; — sj1 = A — ej¢ to infer Ay, We conjecture that

Y; = YAf(l) exp (kA¢). Substituting the conjectured Y; into (32) yields

0 0 1.1 o
= (2] (8 (o (]

e A € e LA 5
0 0 o2
1 1 —1_ O+k(1y(1—07) T 1T T Tt
= 1—- — Yl HWA W ex 07+UT+57 ,
(1) (5) o e gy | FE
+é+%+é (e — 5jt)
| +0u+ 30Var |
(A.9)
where
1 [(1 ) 1} 1
M = — —_ —fy K — —
2 [\0 0 ?13+UL2+?13
1 2 1\?
{1 )
{ 9 0) | Z+z+=
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0
_ -1 171
Substituting V; = YA exp (kA;) into the LHS of V; = [f gtygt ] and substituting (A.9)

into the RHS gives

0 0
_ 1 1 — 0 -0 1
VAY exp (kD) = <1—0> <w> yi-6v 40t 7>{@m[&r+29Vm}}
— - é G%
1, 0 1 e A € e LA €
€? ex - o2 oy
0 €5t XP 0 s é+%+é jt
+( V) & e
+%+%+% (e — 5jt)
L L gé N of
Comparing coefficients, we have () = = and
1 1 1
pon 2+ o2
- O'IA 1+(1—9’Y)H1051061:H,
0.73 + a + 0.73 0'73 + g + 2
1
o2
that is, k = 2 ; also
€ e A
[ +7e
l + u Te:’ATA:’TE
0 0 _ TA (Oy=1)7e
1 % 1 Tet+Ta+Te 0y(Te+Te)+TA
Y = L=5 {exp <,u + 1Var>] exp (1 - %
2 talot | 5 (Oy=1)7e
TetTATT: 0y(Te+7e)+7A
1({6-1 OyTe 2
I '+§<7T{§W61579X]> e
After working out Y, k(1) and k, we also have the solution to yj;¢, that is,
log y;t
=
TA
= 10gy+*10gAt+ ¢ oA e 141 ‘/Li]t—'_ [1+(97_1) } 1 1
7 Oy — 1)k 2t
e e
Ue UA 0'8
where ) ;
_ 1 1\ o104 1
= 1—5 v Y exp Hu—i-EGVar
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Proof of Proposition 4: We consider discrete information acquisition; namely, the amount of

working hours on information acquisition ¢ € {0, m}. We assume the following mapping:

2 _
ae_{

where 62 > ¢2; that is, information acquisition makes information about the idiosyncratic demand

iftl=0

ifl=m '

shock more precise (in the extreme case of 02 = 0, €j; becomes perfect information). The baseline

model can be regarded as a special case of the current setup of information acquisition with 72 = ooc.
We examine the regimes of A; = Ay and A; = A,

The Case of A; = Ay We solve firms’ information acquisition problem by backward induc-
tion. We first work out firms’ optimal production decision given their information precision. We
then compare the cost and benefit of information acquisition to determine firms’ optimal informa-

tion acquisition decision.

The production for an informed entrepreneur, y(A¢, ¢, Sj¢), is given by equation (32), and his
expected profit is given by m(Ay, zjt, s5¢) = G—Ly(At,:cjt,sjt)/At, where s;; ~ N(gjt,0?). For an
uninformed entrepreneur, the only difference is that s;z ~ N (gjs, 52).

If Ay = 1 in equilibrium, the aggregate output is given by (33). Since all firms acquire infor-
mation, we can directly apply (34) in Proposition 3 to solve Y; by setting 02 = o2. Tt follows

that

- 1
logY; =log Yy + —log A + kA, (A.11)
Y
where Yy is the constant Y in the proof of Proposition 3 with 02 = o2, and & is also given in

2

Proposition 3 with 02 = ¢2.

It remains to be shown that indeed all firms have the incentive to acquire information. Using the
expression of aggregate output in (A.11), we obtain the ex ante expected profit for an entrepreneur

if he acquires information:

I 1 1 0 1 0 — 1797— %—1
T = By, (A, e 550) = 5— (1 5 v Yy "'VaAL

0
— 1
where Vg = By, s, {E [exp [(% —fy) /ﬁ:At] e]‘-’t]wjt,sjt}} with sj; ~ ./\/(ajt,gg). Note that an
individual entrepreneur treats Y; (or Yy and k) as given. Likewise, the profit for an entrepreneur

if he does not acquire information is given by

1 NN 71N\ -, 1
o=y (1-3) (3) e
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9
1
where V= By, s, {E [exp [(% - ’y) K,At] ejgt|:pjt, sjt} } with sj; ~ N(gju, 72).

We prove that Vi > V. In fact, for sj; ~ N(gjt, 02 ), we calculate

1 i ’
Eac]'t,Sjt {E |:6Xp |:<9 - 7) K;At:| 6jet|xjt7 Sjt:| }

- L 1 —
o2 2
712+£+(%2 (gjt + A¢) + SIS (€t + €jt)
e A 5 1 e A 5
3
= EajtvejhAt exp WZ% (it + Av)
+(1—0y)k| 7 72, %F +0p+ $0Var
02
oy (B e
L oé oA og n
1 ) 1/1 ) 1
= exp 5[(1—97)/{} oA + [(197)/{+2 <9 1> ([(1—97)/£] +1)} s

which is an increasing function of % under 6 > 1.
e
If all firms have incentive to acquire information, we must have W{ H— 7rtU g > m, that is,

1 N 1\ 2119y

Notice that under v < 1 the LHS of (A.12) is increasing in Ay and approaches infinity when Ag
approaches infinity. This condition will be satisfied as long as Ay is sufficiently high. So indeed,

all firms will acquire information if Ay is high enough.

The Case of A; = A;, By construction, no entrepreneurs have incentive to acquire information

in this case. If \; = 0 in equilibrium, again by applying Proposition 3, the aggregate output is
. 1
logY; =log Yy, + —log A, + ny,
Y

where Y7, is the constant Y in the proof of Proposition 3 with 02 = &2, and & is also given in
2

Proposition 3 with 02 = 2.

We now show that if Ay, is low enough, no firms will acquire information. The ex ante expected

profit for an entrepreneur if he acquires information is
0 0
1 1 1\~ - — 1
I 1-6
ML= g <1 - 9> <¢> Y, VAl

0
_ 1
where Vi = By, 5, {E [exp [(% —’y) nAt] e;’t\xjt,Sjt]} with sj; ~ N’(Ejt,gg). Note that an

individual entrepreneur treats Y; (or Y and k) as given. Similarly, the ex ante expected profit for
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an entrepreneur if he does not acquire information is given by

0 6
1 1 1 _ 13
U _ 1-6y ¥
=—(1-= — 1Y, V AY |
T < 9> <¢> o
B 0
where V; = By, s, {E [exp [(% — ’y) ,%At] e]‘.’t]a:jt, sjt}} with sj: ~ N(ejt,02). Again, we have
Vi > V. If no firms acquire information, we must have W{L — W?L < m, that is,

1 1 1\ 21 19y

Notice that under v < 1 the LHS of (A.13) approaches zero when Ay approaches zero. Hence, the
above condition holds if Ay, is small enough.

To summarize, we have shown that the equilibrium information precision is 1/52 for A; =
Ap and is 1/0? for Ay = Ay. Also, if Ay >> Ap, it is easy to see that E[logY;|A; = AL <

E [log Y;|A; = Ag]. Hence, information acquisition is procyclical.

Proof of Corollary 4: Based on (34), it is easy to calculate SD(log Y;|A;) and SD (log Y;|A¢, xj¢, Sjt)-

Based on (36), the standard deviation of production is given by

SD (log yjt|At> At)

U%—i—(l—ﬁfy)/i(a—lg—i-%) L —(1-0y)r%
- Var A I I 15 ° Tt + == 1 1 1 = Sjt
_ i_ 9’}/ 9’7(75+Te)+27A (A 14)
Te OyTe+ 0T +7A Oy (Tc+7e) + 77 '

It is easy to prove that (A.14) is increasing in .

The standard deviation of revenue-based TFP (or sale price) is given by

SD (log [(yjtpjt) /mje] [ Ae, Ar)

= Var N (- by €t + 1 brre e;
0 9775 + ‘9'77—6 +7A 7 0 0'77—8 + 9’77—6 +TA 7t
1\? 0~ 2
- \/<9) <9’y7'5 + Oy7e +7'A> (e +7e),

which is decreasing in 7 in the interval 7. € [% — Te, oo).
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B Price Setting

In this extension, we assume that firms set their selling price first and then produce to meet the

market demand.

If we still assume that the idiosyncratic shock is the demand shock €, information acquisition
will play no role. In fact, in this case, intermediate goods firms always set their sale price based
on their expectation of the wage, independent of their signal about €;;. This result originates from
the weakness of the Dixit-Stiglitz production function, which generates a constant markup (under

perfect information) no matter what the idiosyncratic shock € is.

The Setup We alternatively assume that the idiosyncratic shock is the productivity shock.

Specifically, the aggregate production function is

[4

1 91 -1
Yt:[/ yjt d]] for 0 > 1
0

and entrepreneur j is the monopolist of intermediate good j with production function
yjt = AcAjingt,

where Aj; is idiosyncratic productivity shock with log Aj; = ajy ~ N (—%az,ag) (denoting 7, =
1/02). If entrepreneur j can spend m working hours to acquire some information about aj¢, he

receives a signal given by s;; = aj; + ej¢, where e ~ N (0, o2).

The Equilibrium The price set by an informed entrepreneur is given by

max E - W, S
Pjt pjty]t tA Agt’ ]t:|

N\ 0
where y;; = (%) Y; and W; = 1. The first-order condition yields

0 1 1
pin =9 0) = B |
J

and hence his actual production is

9 1 1 -0
= ———FE|—]s; PYY;.
yjt <0— lAt [Ajt‘sjt]> t Lt

Similarly, the price set by an uninformed entrepreneur is
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and his actual production is

0 -
yjt:(@ 1AtE[A }) P’Y;.

Therefore, by P, = lyt—V, the aggregate output is

= [ (1- 1) ason] )

o [f Gl o L El) ]
- {)\texp[<922 3_;“}”6)(9—1)}+<1_/\t)exp[(9;2 3_;:(1)(9_1)”91
)

where

Denoting 7 = exp (3203 — } 4, ) and 2= exp (%5202 — 1
a e

2(N) = [)\tze 1+(1—At)§9—1} -

The expected profit for an informed entrepreneur is

1
I 991
- _775/

t 0—1A4, t4t

and the expected profit for an uninformed entrepreneur is

1
U —0 0 1
— 77Y
tT 14, R
If Ay € (0,1), (9) implies
I U 1 1 Y, 9—1 . 0-1) _ B.2
T — Ty 14 2y z =m. (B.2)

Since (B.1) is identical to (18) and (B.2) is identical to (19), the equilibrium under the pric-
ing setting is essentially the same as the equilibrium under the quantity setting. The results in

Proposition 1 and Lemmas 1 and 2 hold.
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C Model Extension in Section 3

Our model can also generate countercyclical cross-sectional dispersion in production by slightly
changing the information structure of (30) and (31). Specifically, we assume that there are two
layers of production: the final good is produced from a continuum of sectoral goods (indexed by
k), and each sectorial good is composed of a continuum of differentiated goods with each being

produced by a monopoly firm (indexed by j); that is,

9

lb 9—1
Y}—[/ Yt dj} for 9 > 1
0

and
L1 -1 701
Yt — UO €0y d]] for 0> 1.

The endowed “public” signal in (30) is changed to
Tjke = Ejkt + Mgt + Ay, (C.1)

where A; ~ N(0,02) is the economy-wide common sentiment shock, and Ay, ~ N(0,03) is the
sector-specific sentiment shock for sector k and Ay, is independent across sectors, and logejr; =
gt ~ N (—%ag, 02) is the idiosyncratic demand shock for firm j in sector k. The second signal in
(31) is changed to

Sjkt = Ejkt + €jkt, Where ejr; ~ N(0,02). (C.2)

We assume that both ej;; and eji; are i.i.d. across firms in any sector k and they are independent
of each other. For simplicity, we assume that o2 = 0; that is, if entrepreneur j in any sector k

spends m working hours on information acquisition, he knows ¢;;; perfectly.

The cross-sectional dispersion comes from the heterogeneity of sector-specific sentiment shock
Aj¢. When firms acquire more information, they are less responsive to the signal x;; and thus Ay,

so the cross-sectional dispersion goes down.

Corollary 5 Under the alternative information structure of (C.1) and (C.2), the economy exhibits

countercyclical aggregate volatility and countercyclical cross-sectional dispersion in production.

This extended model implies procyclical firm-level dispersion in production within each sector
but countercyclical dispersion in production across sectors. The mechanism generating counter-
cyclical cross-sectional dispersion in production is essentially the same as that generating coun-
tercyclical aggregate volatility analyzed in Section 3.3. Without information acquisition (for the

case of Ay = Ar), €ji is imperfect information and firms respond to signal x;;, which generates
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cross-sectional dispersion driven by sector-specific sentiment shock Ag; as well as aggregate volatil-
ity driven by economy-wide sentiment shock A;. More concretely, an individual firm’s production
is given by y;xt(«jkt, sjkt), and thus the aggregate (or average) production of sector k is given by
Uxt (A, Ay Age) = fj Yikt(€jkt + Mgt + A¢, €5kt + €jxe) considering that €5, and ey, are i.i.d. across
firms within a sector. The cross-sectional dispersion is hence SD (log grt|A: = A, A¢) > 0. Aggre-
gate output of the economy is given by Y;(A¢, A¢) considering that Ay, is also i.i.d. across sectors,
so SD(logY;|A; = Ar) > 0. When firms acquire information (for the case of A; = Ap), i is
perfect information, so both aggregate volatility and cross-sectional dispersion disappear. In fact,
an individual firm’s production is given by y;x¢(€;x), which implies that gi, (A;) = f] Yjkt (k) and
Yi(Ay). So SD (log yre|Ar = Apr, Ay) = 0 and SD(log Yi|Ar = Ap) = 0.

We can interpret the structure of the above extended model in a different way: the economy has
a continuum of multi-product firms as recently emphasized in the trade literature (e.g., Bernard,
Redding and Schott (2010)), and each firm produces a continuum of products, with each being run
by a different manager. Each manager is endowed with the “public” signal and acquires information
about his private signal. In this case, Corollary 5 would imply countercyclical firm-level dispersion

in production.

D Continuous Information Acquisition

We now relax the binary choice of information acquisition and make it a continuous choice. Specif-
ically, after spending h(7.) working hours at the beginning of the period, entrepreneur j receives
a noisy signal s;; given by (31).2% Signal precision, 7. = 1/02, is endogenous, continuous and
effort-dependent. We assume that 8‘9—7}2 > 0 and g%g > (. Since firms are ex ante identical, they
will choose the same level of information precision. We denote by 77 the information precision for
all entrepreneurs k # j. Given 75, we now characterize entrepreneur j's information acquisition

problem. We first characterize aggregate output for a given information precision 7.

Equilibrium Y; for a Given 7}  Given their information choice 7}, entrepreneurs i # j
decide to produce according to (32). The aggregate output is hence given by (34), where Y is a
constant not dependent on A; and A; but dependent on 1/7%, which is an exogenous constant for
entrepreneur j. The coefficient k is given by

TA
— * pu— D.l
r=h(re) Oy (12 + 7o) + 7A (D-1)

which is also an exogenous constant for entrepreneur j.

**Rigorously, we should write e;; ~ N(0,07.), rather than eje ~ N'(0,0?2). But we will confirm that in a symmetric
equilibrium, all firms will choose the same level of information precision. To reduce notational clutter, we will use
Te = 1/02 for firm j and 7} for firms i # 4, and in equilibrium 7. = 7.
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Information Acquisition Decision Given 77, we now consider entrepreneur j's information
choice 7, = 1/02. For a given o2, entrepreneur j’s production, y(Ay, Zjt, Sjt), based on his signal is

given by (32). Hence, if he chooses the precision level 7, =1/ ag, his ex ante expected profit is

* 1 Y(As, zjt, 85t)
7T(7-e; At, Te) = mExjt,s]‘t #

0 0
1\ . 1_
- L(l‘ﬁ <w) VATV (e n(r2)),

where Y¢ is the constant Y in the proof of Proposition 3 with 2 = 1/7%, and

1 1 o
V(Te, k(7)) = Bz, .50 {E [exp [(9 - 7) H,At:| ejet|a:jt,sjt} }

LA =0y R L ] |

= exp N [(1 — 0y) k(%) +A% (% — 1) ([(1 —6y) /1(72)]2 + 1)} ﬁ

Notice that V (7., k(7})) is increasing in 7, for 0 > 1. V(7¢,k(7})) is concave in 7. when 7. is
sufficiently large since V' is bounded from above when 7, — +o00. Firm j's information acquisition

decision on 7. is given by

Maa:% (1 - é)e <1>0 V1047 7V (7o, 5(r2)) — (7). (D.2)

1 1N (1\? 19y 210V (16, k(7)) Oh(r.)
9_1(1‘> () Yo o A ore  or, (D-3)

where

OV (1e, k(7))
OTe

= V(7e,k(TE)) - [(1 —0y) k(7)) + % (; - 1) ([(1 —67) K(75))” + 1)] (7a —F(;ll 7o)

This defines an implicit mapping between A; and 7.. Figure D-1 illustrates the effect of A; on 7.

43



8h(.T8)
T,

--------------------------- Ay increases

--------------------- K | 1 1\ (1\°_1g, 210V (7o, R(72)
N milimg) (o) e =

Figure D-1: Optimal 7. Chosen by Firm j for a Given 7}

The LHS of equation (D.3) captures the marginal benefit of increasing the precision of infor-
mation, while the RHS measures the marginal cost. The marginal benefit is decreasing in 7. and is
graphed by the downward sloping curve, and the marginal cost is increasing in 7. and is graphed
by the upward sloping curve. The intersection of these two curves gives the optimal 7.. The LHS
is increasing in A; under v < 1. So when A; increases, the LHS increases for any level 7., leading

to an increase in the optimal 7. as the figure illustrates.

In a symmetric equilibrium, 7. = 7}. So we have

1 1N /1 9,1797 110Vi(7e, k(Te))  Oh(Te,b)
0—1 <1_0> <¢) YC At O0Te B OTe ’ (D4)

where %f:(”)) > 0 is the partial derivative of V' with respect to its first argument. (D.4) then

defines a mapping between 7. and A;:
Te = f(At)

Unfortunately, we are not able to derive an explicit function for f. However, the property of the
LHS of (D.4) largely follows that of %T’:(Te)). In fact, the LHS of (D.4) approaches 0 when
Te — 00, and it is increasing in A; under v < 1. Therefore, as illustrated in Figure D-1, we
have f'(A;) > 0, the case in which we are interested, at least for some parameter choices. Also,
E [log Y;|A;] = log Yo + % log A; increases with A;.

Because E [log Y;|A;] is increasing in A; and also 7. is increasing in A, information acquisition

is procyclical, as in Proposition 4. Corollary 4 also follows.
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