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Abstract

I develop a macroeconomic model with a central emphasis on the informational role of finan-
cial markets. Economic agents save by purchasing financial claims on firms. Crucially, agents
produce information about firm productivity to guide their trading decisions. In the aggregate,
this information determines the financial market’s ability to allocate more capital to produc-
tive firms and, thus, pins down total factor productivity (TFP). Using this framework, I study
how information varies in response to fundamental (productivity) and non-fundamental (senti-
ment) macroeconomic shocks. Both lead to similar co-movements in output, asset prices, and
investment but affect traders’ information production differently. Productivity booms crowd in
information and, thus, amplify the initial shock by further increasing TFP. In contrast, senti-
ment shocks, defined as waves of optimism or pessimism, crowd out information production,
which dampens sentiment booms through a decrease in TFP. I show that information produc-
tion in the competitive equilibrium is generally constrained inefficient for two reasons. First,
each agent produces information to extract rents from others (rent-extracting behavior). Sec-
ond, atomistic agents fail to internalize that their information production helps improve capital
allocation and TFP, which is partially revealed through prices (information spillover). As an
application, I show that asset purchase programs can be an effective way to address the financial
market inefficiencies. Finally, looking through the lens of the model, the US dot-com boom of
the late 1990s appears to have been driven by productivity, whereas the US housing boom of
the mid 2000s was driven by sentiment.
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1 Introduction

Financial markets play a central role in allocating capital to its most productive uses. Yet,
they do not always fulfill this role well. The last three decades, for instance, have been
characterized by successive booms and busts in financial markets[] These cycles have been
difficult to justify on fundamental grounds alone (Martin and Ventura, 2018). Against this
backdrop, there are growing concerns that such booms lead to the deterioration of capital
allocation, ultimately reducing aggregate productivity] The general narrative is as follows:
during booms, the perception is that all investments perform well. As a result, agents are
less prone to produce information about specific investments and markets eventually become
less informative, thereby worsening the allocation of resources in the economyf] Though sug-
gestive, this narrative is loose and cannot be fully evaluated without a theory of information
production and its macroeconomic effects. The goal of this paper is to provide such a theory.

In this paper, I develop a tractable macroeconomic framework in which financial markets
play the key role of aggregating information that is dispersed among economic agents. The
framework’s central feature is that information is endogenous, in a sense that agents can
decide to engage in costly information production. The framework’s novelty is to study
the two-way feedback between macroeconomic conditions and agents’ incentives to produce
information.

I model a dynamic economy populated by firms with heterogeneous productivity and
households, which consist of many traders. Households decide on borrowing and saving.
Traders decide in which firms to invest, but they have imperfect information about firm
productivity. To make their investment decisions, traders combine their private information
with a public signal provided by financial markets, which effectively aggregates all traders’
information.

The model is based on two core assumptions. First, traders agree on realizations of
aggregate shocks but disagree about the distribution of firm productivity. Whereas the former
part is for simplicity, the latter is central for motivating trade. In particular, traders’ private
information features both idiosyncratic and correlated noise. The idiosyncratic noise captures

trader-specific information and drives disagreement. In contrast, the correlated noise stands

!For example, the dot-com bubbles in the US and the housing bubbles in the US and Southern Europe.

2For instance, Gopinath, Kalemli-Ozcan, Karabarbounis, and Villegas-Sanchez (2017) and Garcia-
Santana, Moral-Benito, Pijoan-Mas, and Ramos (2020) have found that the credit and asset price boom
in Southern Europe, preceding the global financial crisis, had coincided with a rise in capital misallocation;
Doerr (2018) provides such evidence for the US. Relatedly, Borio, Karroubi, Upper, and Zampoli (2015) show
that credit booms tend to also coincide with misallocation of labor.

3There are several studies that point to a decline in information production and quality in explaining a
worsening of investment efficiency, for example Asea and Blomberg (1998), Keys et al. (2010), and Becker,
Bos, and Roszbach (2020)).



for a common "sentiment" across tradersf| Second, to incentivize information production
in equilibrium by avoiding the well-known Grossman-Stiglitz paradox (see Grossman and
Stiglitz, 1980)E] traders are assumed to be overconﬁdent.ﬂ Formally, each trader believes the
noise in her private information to be entirely idiosyncratic, allowing her to exploit mispricing
due to sentiment. In a nutshell, each trader believes that she is not prone to sentiments even
though she understands that everyone else is.

I find that information production crucially depends on the state of the economy. In
particular, I study how information production reacts to two types of macroeconomic shocks:
sentiment and productivity. Sentiment shocks, defined as waves of optimism or pessimism,
formally drive the correlated noise in traders’ private information. Sentiment and productiv-
ity shocks lead to similar co-movements in output, investment, and asset prices. However,
they affect information production differently. Information is central in my model, as more
precise information strengthens the correlation between the size of a firm and its productiv-
ity, thereby raising allocative efficiency. Consequently, an economy with higher information
production allocates more capital to productive firms and has higher aggregate productivity.

In particular, information production increases in productivity but is non-monotonic in
sentiment. Productivity increases information production due to a scale effect: since high
productivity raises the optimal size of a firm, it also boosts the benefits of producing more
precise information about it. From the viewpoint of an individual trader, producing more
information is valuable if it significantly impacts the trader’s investment decisions. However,
if sentiment regarding a specific firm is too high or too low, producing more information is
likely to be ineffectual. In particular, even without precise information, a trader knows not
to invest in firms where sentiment is high (i.e., firms that are "overvalued") and to invest in
firms where sentiment is low (i.e., firms that are "undervalued"). Thus, extreme sentiments
discourage the production of information.

Finally, while productivity booms are endogenously amplified by information production’s
effect on capital allocation, sentiment booms may be dampened. Productivity booms crowd

wn information and improve allocative efficiency, thereby further increasing productivity.

4From an economic standpoint, this sentiment is meant to capture a range of phenomena that drives asset
prices away from their fundamental value, such as herding, network effects, social learning, extrapolative
expectations, or bubbles (see Kindleberger and Aliber, [2015; Shiller, [2015] 2017)).

5The Grossman-Stiglitz paradox states that no equilibrium exists in models of financial markets with costly
information production without noise that keeps prices from being perfectly revealing. If prices reveal all
information, traders have no reason to production costly information. However, prices cannot be informative
if traders do not produce information. Therefore, no equilibrium exists. Many models of informative financial
markets (Grossman and Stiglitz, |1980; Kyle, [1985; Albagli, Hellwig, and Tsyvinski, [2011a) circumvent this
problem by introducing so-called noise traders. These agents are non-optimizing, which makes them difficult
to embed in a general equilibrium model.

6Some form of noise in asset prices is indispensable to motivate trade and information production in
financial markets. I formalize and micro-found such noise by assuming overconfident traders.



Sentiment booms, however, crowd out information and worsen allocative efficiency, thereby
decreasing productivity. My finding is consistent with the empirical evidence that booms
can fuel resource misallocation (e.g., Gopinath et al., [2017; Doerr, 2018) and suggests that
such booms are driven by sentiment. It also captures a dichotomy of booms as in Gorton
and Ordonez (2020)), but stresses that the boom’s source is the essential factor.

On the normative front, information production is too high or too low in the competitive
equilibrium. There can be too much information because traders produce information to
gain at other traders’ expense (rent-extracting behavior). However, there can also be too
little information because traders do not reap the benefits of improved capital allocation
through information production (information spillover), due to the fact that asset prices
reveal of this information to the public. Which effect dominates depends on whether the
allocation of capital is important for aggregate productivity. For example, if firms produce
similar goods, allocating capital to the most productive firms becomes exceedingly important.
But this is exactly when the competitive equilibrium features little information production.

Moreover, my model sheds light on two current policy debates. First, it suggests that
policymakers should tax investment during sentiment-driven booms, which can be identified
by increasingly synchronous asset price movements. This policy prescription of "leaning
against the wind,'l] is often criticized on informational grounds: namely, it requires the
planner to be able to distinguish sentiment- from productivity-driven booms in real-time
(e.g., Mishkin et al., 2011). My model suggests that, although they look similar in many
respects, both types of booms can be distinguished through their effects on information
production. In particular, less informative asset prices display more synchronous movements,
which can be used to identify sentiment booms. In contrast, productivity booms lead to more
asynchronous asset price movements.

A second policy debate refers to the effects of large-scale asset purchases by central banks.
There is the widespread perception that asset purchases can distort prices and worsen the
allocation of resources.ﬂ My model yields a simple yet robust insight: whether this concern
is justified depends on whether asset purchases reduce or aggravate the aggregate mispricing
of assets. By reducing the supply of assets in the hands of traders, asset purchases in the
model change the marginal trader’s identity and thus raise equilibrium prices. If asset prices
were initially depressed due to low productivity, the common perception laid out above is

correct. By distorting prices upward, asset purchases discourage information production and

"See for example Cecchetti, Genberg, Lipsky, and Wadhwani (2000).

8For example, see da Silva and Rungcharoenkitkul (2017), DNB (2017), Fernandez, Bortz, and Zeolla
(2018), Borio and Zabai (2018), Acharya et al. (2019), and Kurtzman and Zeke (2020). In particular, the
dutch central bank argues in their 2016 annual report (DNB, 2017): " The large-scale purchase programmes
and the flood of liquid assets has set the risk compass in financial markets spinning, with misallocations as a
result."



thus worsen the allocation of capital. However, if asset prices were initially depressed due
to negative sentiment, asset purchases reduce aggregate mispricing. Indeed, by undoing the
effects of negative sentiment, asset purchases fuel information production, thereby improving
the allocation of resources.

Finally, the paper makes a methodological contribution by providing a tractable macroe-
conomic model of information production and aggregation, where financial market informa-
tiveness plays an important role for macroeconomic dynamics. With a few exceptionsﬂ the
role of financial markets as aggregators of dispersed information has received little atten-
tion in macroeconomics["] The primary reason is that most standard models of informative
financial markets rely on non-optimizing agents, such as noise traders, which are not straight-
forward to reconcile with general-equilibrium analysis. Instead, my model relies on a small
behavioral deviation-overconfidence-which means that traders do not adequately perceive
the idiosyncratic and correlated components in their signals. This misperception motivates
them to produce costly information as they believe in having an informational edge over
the market. This simple assumption is grounded on empirical evidencef;r] and it avoids the

Grossman-Stiglitz paradox.

1.1 Literature Review

A recent literature studies the link between information production and the business cycle
(Veldkamp, 2005; Ambrocio, [2019; Farboodi and Kondor, 2019; Asriyan, Laeven, and Mar-
tin, 2019; Chousakos, Gorton, and Ordonez, 2020).@ In contrast to Chousakos, Gorton,
and Ordonez (2020)), my model shows that the source of fluctuations is important for the
relationship between the cycle and information production.

This paper builds on the literature on informative financial markets (Grossman and
Stiglitz, 1980; Kyle, 1985; Vives, 2010; Albagli, Hellwig, and Tsyvinski, 2011a)). In this
literature, limits to arbitrage keep arbitrageurs from fully eliminating mispricing and, there-
fore, incentives to trade and produce information persist in equilibrium. My model’s market

microstructure is similar to Albagli, Hellwig, and Tsyvinski (2011a). Whereas Albagli, Hell-

%Some exceptions are Peress (2014), David, Hopenhayn, and Venkateswaran (2016), and Straub and
Ulbricht (2018).

0The idea of markets as aggregators of dispersed information dates back to Hayek (1945): "The economic
problem of society is (...) rather a problem of how to secure the best use of resources known to any of the
members of society, for ends whose relative importance only these individuals know. Or, to put it briefly, it
is a problem of the utilization of knowledge which is not given to anyone in its totality."

HGee for example Eyster, Weizsiicker, Berlin, Schmidt, and Rabin (2018), Grimm and Mengel (2018), and
Enke and Zimmermann (2019).

12Gee also Van Nieuwerburgh and Veldkamp (2006)), Angeletos, Lorenzoni, and Pavan (2010), Ordonez
(2013), Gorton and Ordonez (2014), Fajgelbaum, Schaal, and Taschereau-Dumouchel (2017), and Straub
and Ulbricht (2018)) for related work.



wig, and Tsyvinski (2011a}) use noise traders to keep prices from being fully revealing, I make
the model more tractable by assuming instead that traders are overconfident. As I show,
this innovation allows me to embed a noisy financial market into an otherwise standard
macroeconomic model.

A strand of the literature uses the insight that prices can be informative to study the role of
this information in economic decisions, as surveyed in Bond, Edmans, and Goldstein (2012).
For example, secondary markets can be sources of information for managers (Holmstrom and
Tirole, 1993; Dow and Gorton, [1997)). Information is important in my model as a measure
of allocative efficiency without any firms actively learning from prices. Similar to Dow,
Goldstein, and Guembel (2017)), T study the two-way feedback between the financial and real
economy when traders produce information endogenously. A number of papers has brought
this paradigm to macroeconomics (Peress, 2014; David, Hopenhayn, and Venkateswaran,
2016; Albagli, Hellwig, and Tsyvinski, 2017; Straub and Ulbricht, 2018; Asriyan, 2020)).
My contribution is to study the effects of aggregate shocks on information production and
the allocation of capital. From a normative perspective, I show under which conditions
information production is likely to be too high or low in the competitive equilibrium.

There is ample empirical evidence that asset prices are indeed informative. See Morck,
Yeung, and Yu (2013) for a survey on the literature that uses "non-synchronicity" as a
measure of price—informativeness.ﬁ Morck, Yeung, and Yu (2000 found that more developed
countries have stock markets that are more informative. Focusing instead on the cross-section
of firms, Durnev, Morck, and Yeung (2004) found that non-synchronicity is positively related
to the efficiency of corporate investment. More recently, Bai, Philippon, and Savov (2016))
and Farboodi et al. (2020) have shown that prices have become better predictors of corporate
earnings in the US since the 1960s. The latter emphasize that this has been mainly the case
for large growth firms. Finally, Bennett, Stulz, and Wang (2020)) provide evidence that price
informativeness increases firm productivity. Price informativeness is closely related to the
allocative efficiency of financial markets in my model.

The results of my model are broadly consistent with empirical evidence on how price
informativeness varies over the business cycle. Davila and Parlatore (2020) proposed an iden-
tification procedure to estimate price informativeness from price and earnings data, which is
closely related to information production in my model[ Comparing fluctuations around the

corresponding trends for the US reveals a highly positive correlation between price informa-

3 Non-synchronicity has been suggested by Roll (1988) as a measure of firm-specific information in asset
prices. The main idea is that as the volatility of asset prices increasingly relates to firm-specific factors, prices
also become increasingly informative about firms.

Mntuitively, relative price informativeness is the weight an otherwise uninformed observer puts on the
information embodied in the price relative to her prior. In my model, the weight only varies due to changes
in the information production by traders.
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Figure 1: Price informativeness (black) as measured in Déavila and Parlatore (2020) and
utilization-adjusted TFP growth (red) taken from the Federal Reserve of San Francisco fol-
lowing Basu, Fernald, and Kimball (2006). Grey bars indicate recessions following the NBER
dating methodology. The time series have been detrended using a cubic time trend and
smoothed with a two-year moving average. Through the lens of the model, productivity
drove the expansion until 2001, as indicated by a rise in information and TFP growth. In
contrast, sentiment drove the expansion from 2002 to 2008 as indicated by the decline in
information and TFP growth.

tiveness and TFP growth as can be seen in Figure[l] From 1995 to 2001, price informativeness
and TFP growth were increasing, pointing to a productivity-driven expansion. In contrast,
the housing boom from 2002 to 2008 eventually even led to a decline in TFP and a steep fall
in price informativeness, which indicates a sentiment-driven boom during these years. This
interpretation is in line with Borio et al. (2015), who suggested that TFP growth slowed
between 2002 and 2008 because of the financial boom, not despite it.

In my model, traders suffer from correlation neglect. This bias has been studied in the
literature and documented repeatedly in experimental settings (Chandrasekhar, Larreguy,
and Xandri, 2012; Brandts, Giritligil, and Weber, 2015; Eyster, Weizsécker, Berlin, Schmidt,
and Rabin, 2018; Grimm and Mengel, 2018; Enke and Zimmermann, 2019)). When receiving
information from multiple sources, neglecting correlated noise in the signals can lead to an
overly precise posterior. Therefore, correlation neglect leads to overconfidence, which plays a
central role in the literature on behavioral biases, especially in relation to financial markets
(Glaser and Weber, 2010; Daniel and Hirshleifer, [2015)).

Finally, a broad literature studies the role of sentiments in macroeconomics (see Nowzo-

hour and Stracca, 2020, for a survey). There are different definitions of sentiments, ranging
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Figure 2: Price informativeness (black) as measured in Davila and Parlatore (2020) and
utilization-adjusted TFP growth (red) following Basu, Fernald, and Kimball (2006)) taken
from the Federal Reserve of San Francisco. Grey bars indicate recessions following the NBER
dating methodology. Raw time series.

from self-fulfilling beliefs (Martin and Ventura, 2018; Asriyan, Fuchs, and Green, 2019) to
news and noise shocks (Angeletos, Lorenzoni, and Pavan, 2010; Schmitt-Grohé and Uribe,
2012). In my model, sentiments are waves of non-fundamental optimism or pessimism. When

a positive sentiment shock hits, agents become optimistic about productivity and vice versa.

2 Model

2.1 Households and Traders

The model is populated by overlapping generations of households indexed by ¢ € [0, 1]. As is
common in the New Keynesian literature, I assume that each household ¢ consists of a unit
mass of traders indexed by ij € [0,1] x [0,1] (see for example Blanchard and Gali, 2010).
Households pool resources, borrow on behalf of traders, and distribute consumption equally,

whereas traders individually maximize the utility for the household given by

1
Uit = City + OE{Cit141} — / TA(Biji)dy, (1)
0

where Cj;, is youth consumption, Cj .41 is old age consumption, 6 € (0,1) is the discount

factor, and fol TA(B;;1)dj are information production costs, which are introduced in more


https://www.frbsf.org/economic-research/indicators-data/total-factor-productivity-tfp/

detail in a later section.

When young, traders each inelastically supply one unit of labor, they receive wage W,
and buy shares of intermediate good firms in a competitive financial market. To avoid
unbounded demands by risk-neutral traders, demand for each stock is limited to the interval
[kr, ky| where K < 0 and Ky > 1.E] Traders also choose the precision 3;;; of a noisy signal of
firm productivity to inform their trading decision subject to a utility cost 1A (3;;;). Finally,

the household lends and borrows through risk-free bonds with return R, ;.

2.2 Technologies
2.2.1 Final Good Sector

There are many identical final good firms owned by households. The production function
for the final good, which also serves as the numéraire, is Cobb-Douglas over labor and a

CES-aggregate of intermediate goods. Aggregate output is

af
1 -1 —1
vi—ree ([ ra) )

where 0 € (0,00) is the elasticity of substitution between varieties and « is the share of
intermediate goods. Y}, is an intermediate good produced by firm j. The final good can be

consumed or invested in firm capital. L is supply of labor, which is normalized to one.

2.2.2 Intermediate Good Sector

For each generation, there is a unit mass of intermediate good firms j € [0, 1] with production
function
_0
Yie = A1 K, (3)

where Kj; is firm capital and In(Aj_;) £

N (a;_1,02) is firm productivity. Note that
time subscript ¢ — 1 is used as agents learn about firm-productivity in the period prior to
production. Capital takes time to build, such that investment takes place in ¢ but production
in t + 1 and depreciates fully after production. Each firm sells a unit mass of claims to total

firm-revenue to households and finances capital investment with the proceeds:@

Py = Kjia. (4)

15Gee Albagli, Hellwig, and Tsyvinski (e.g., 2011a) and Dow, Goldstein, and Guembel (2017) for similar
approaches and Appendix [E_f] for a further elaboration.
16See Appendix [C|for a micro-foundation and further discussion.




2.2.3 Information

Trader 77 is only active in the market for shares of firm j, for which she is an expert as she

receives signal
Nijt + ;i (5)

VBt

iid : - iid o . iid
where aj; ~ N (ay,02) is firm productivity, 7;5; ~ N (0,1) is idiosyncratic noise, £;; ~

Sijt = Qj¢ +

N (g4,02) is correlated noise, which is interpreted as sentiment, and (;; is a information
precision parameter chosen by trader 57| Both idiosyncratic and correlated noise are iid over
time and across markets; idiosyncratic noise is also i7d between traders. A high realization
of 7;;; means that trader ij is optimistic about firm j relative to other traders in the same
market. Similarly, a high realization of ¢;; means that traders in market j are, collectively,

too optimistic.
Assumption 1 (Overconfidence). Trader ij believes the information structure to be

Nijt

V Bijt

N—ijt + €t

VB

Following Assumption [1} traders believe that sentiment €, drives the beliefs of all traders

Sijt = Qj¢ +

S—ijt = Qj¢ +

but not their own beliefs. As a result, traders are overconfident and willing to produce costly
information to exploit mispricing induced through sentiment shocks 5jt.@ Finally, trader ij
chooses the precision of her private signal /3;;, subject to a convex cost function 1A (5;;;) with
standard properties A(0) =0, TA'(0) =0, IA” (-) > 0.

2.2.4 Aggregate Shocks

Two classes of shocks drive the economy. Aggregate productivity shocks move the mean of the
distribution of firm-specific productivity shocks, a;; ~ N (ay,02), and aggregate sentiment
shocks drive the mean of firm-specific sentiment shocks, €;, ~ N (g, 02), similar to Angele-
tos, Lorenzoni, and Pavan (2010). The sentiment shock e, is meant to capture a range of
phenomena that lead to non-fundamental price movements in financial markets, e.g., herd-

ing, informational cascades, social learning, bubbles, liquidity trading (see Kindleberger and

17See section for the effect of uncertainty about aggregate shocks.

18This assumption is necessary to avoid the Grossman-Stiglitz paradox Grossman and Stiglitz (1980). It
states that informationally efficient markets are impossible in the absence of noise when information is costly.
In that case, markets would already reveal all information and, therefore, destroy the incentive to produce
costly information in the first place.
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Figure 3: Intraperiod timing.

Aliber, [2015; Shiller, 2015, 2017). I study economy-wide sentiment shocks as they affect
cross-sectional misallocation of capital only through their effect on information production.ﬁ

For simplicity, traders perfectly observe aggregate shocks {a;,;} before their information
production decision, but firm-specific shocks {a;, €;:} need to be learned. The laws of motion
for the aggregate shocks are irrelevant for this setup, as the dynamic model is a repetition of
static problems. It follows that the information set of trader ¢j consists of the private signal
Sijt, share prices {P;;} for all markets j € [0, 1], and the mean and variances of firm-specific
shocks {as, e}, i.e., Zi; = {sijt,{Pjt},ar,er}. In other words, traders have rational beliefs
about aggregates, but disagree about the productivity of intermediate firms based on public

information in the forms of prices and private signals.

2.3 Timing

The timing is laid out in Figure |3l At the beginning of each period, young traders work in
the final good sector and receive wage W,;. Then, traders choose the precision of their signal
and the financial market opens. At the end of the period, both investment and consumption

take place.

2.4 Notation

Traders think that their private signals do not contain correlated noise €;; as in Assumption
[[] Therefore, expectations that condition on private signals are distorted and, for example,
trader ij’s expectations about revenue are E {IL;e41 8056, Pje }-

The determinants of functions are usually omitted to save on notation. For example, the
firm j's revenue is denoted by 11,41 instead of II (A;, K141, Yi41). Aji is indexed by ¢ instead

of t + 1, as traders can learn about firm productivity in period t.

9Gector-specific sentiment shocks lead directly to an increase in capital misallocation, as aggregate output
could be increased by reallocating capital away from the shocked sector. In this case, the results still go
through on the sector level, as a sector-specific shock leads to an increase of capital misallocation inside the
shocked sector. A more detailed analysis is in Appendix E}

11



2.5 The Household’s Problem and The Trader’s Problem

Household 7 takes interest rate R;;; as given and decides how much to borrow or lend.
Furthermore, households are also prone to the behavioral bias of Assumption [I] but do not

observe the private signals of traders in the household. The household’s problem is then

max Ciy, + OF, {Cipr41} — /0 1 TA(Bijt) dj (P1)

st. Ciur=W;— /01 Tije Pjrdj — Bigya (6)
Citr1 = /01 Tijlljip1dj + Rep1 Bira (7)
Citt, Citg1 > 0. (8)

Households optimally choose how to much lend or borrow subject to the budget constraints
during youth and old age. The first constraint (@ states that today’s consumption is equal to
wages W; minus the costs of buying stocks fol x;j+Pjrdj and saving through the bond market
Bity1. Constraint states that old age consumption is equal to revenue fol Zijtlljp 1 dj
plus income from lending on the bond market R;,1B; 1. Although household i is overly
optimistic of the return of its portfolio due to overconfidence, each household correctly values
the portfolio of all other households. Therefore, limiting borrowing by the natural borrowing
constraint as in rules out defaulting on any borrowing through bonds.

Household 7’s optimal saving decision is given by

it e dj .
= _fO x£t+]1t+1 i 1th+1 < %
B fol xijtl'[jt+1dj 1 . . 1
it+1 c _T, Wt - fO .I'thpjtdj — lthJrl =5 (9)
1 . .
=W, — [y zijePiedj if Ry > %

If interest rate R;q is below %, it is optimal to borrow as much as possible. If the interest
is equal to %, household i is indifferent between borrowing and saving. Finally, if the interest
rate is above %, then is optimal to save as much as possible. Plugging @ and into 1)

and using the solution for the saving decision @D yields trader ij’s problem

. 8 1
max Et {)\t max [E {xijt (R—Hjt+1 — Pjt) |Sijt7 Pjt}} — [A (61'3‘15) (P2)
t+1

st. T € [kL, Kn] (10)
Bije > 0, (11)

12



where \; = max {1,R;;1} and terms that do not depend on the decision by trader ij were
dropped. The problem is split into two parts, which are solved in reverse chronological
order. Given information production 3;;; and realizations of the private signal s;;; and price
Pj,, trader ij chooses demand z;;; for share j subject to the position limits . Using the
solution to the trading problem, trader 75 decides on the information precision j3;;; to increase
the likelihood of trading profitably subject to a non-negativity constraint. Trader ¢5 can use
the household ¢’s pooled resources and borrow through the household for trading. The term

¢ reflects that the value of an additional unit of wealth during youth may be above one.

3 Equilibrium Characterization

3.1 Input Markets

Wages and intermediate good prices are determined competitively,

Y,
Wt:a—Lt:(l—a)Yt (12)
Y, oy —k
Pit= gy, = oYY 7, (13)
where ay = %. Wages are equal to the share (1 — a) of output. The price for interme-

diate good j is downward sloping in the quantity produced of the same good. Finally, the

revenue of intermediate good firm j is given by
Ujt1 = pjt+1Yjes- (14)

3.2 Trader’s Decisions

Trading If price Pj; exceeds expectations of revenue II;;,; using the interest rate on bonds
R;.1 as the benchmark rate, trader ij sells —x; shares; when these values coincide trader

17 is indifferent between buying and selling. When expectations exceed price, trader 75 buys

kg shares:
K if R;l]E{Hth’Sz‘jt, Py} < Py
 (sije, Pj) = § € [k, ku]  if ﬁ]ﬁ {ILjes1lsije, Pjey = Pje - (15)
Ky if ﬁﬂé {je11ls650, Pie} > Py

Information Production As laid out in , the trading decision is driven by the
realization of the private signal s;;; relative to price Pj;. Consequently, trader ij chooses

information precision j3;;; to improve her ability to identify profitable trading opportunities. A

13



central object in this context is the subjective probability of buying conditional on realizations
of productivity aj;, sentiment €, trader 75’s information choice 3;j, and the symmetric choice
of all other traders in the market 3;;. Taking expectations with respect to the realizations of

idiosyncratic noise, 7;;;, yields the probability of buying

Pz = kulaje, €je, Bije, Bie} = / 0 (Mit) L qrt, sy Py >y Dt (16)

where ¢(+) is the standard-normal pdff|

The first-order condition for the information production decision is obtained after plug-
ging into . Evaluating the expectations with respect to the realizations of the
idiosyncratic noise 7;;; and taking the symmetric information production decisions of all

other traders as given (5_;;: = B;t), leads to the first-order condition:

Ve T Lijt = ity €ty Mijts Pj 1
MB (Bijt, Bjt) = max{1,0Ry11} By § (kg — K1) OP i = vitlase, 0 Pige P (R

OBt

Change in the probability of buying Rents

41 — P > =IA" (Bije) -
41

(17)
The marginal benefit of producing information consists of two parts. The first is the proba-
bility of buying in state (a;;, €;:) given information choices (3;;:, 5;:). The second component
is trading rents given by the difference between the net present value of firm revenue minus

the price of the stock.

3.3 Financial Market

Market-Clearing At the symmetric equilibrium (V5 : §;;; = B;:), traders buy kg shares
whenever their private signals are above some threshold, §(P;;), are indifferent between
buying and selling when their private signals coincides with the threshold, and sell otherwise.
After normalizing the supply of shares in each market j to one, the market-clearing condition

becomes

i (1= @ (VB (5 (P) = ) = 230) ) = w0 (/B3 (5 (Py) =) —e5) =1 (19)

which can be used to solve for the threshold signal

KH+KL
v Bjt

20A more detailed derivation can be found in Appendix

gje + 07! <—HH71 )
§(Pje) = aje + :

(19)
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Price Signal Traders learn from prices, which is equivalent to observing a noisy signal of

—1 Kpg—1
¢ (HHHML) St
— = t+ .
vV Bi V Bit

When price Pj; is high, traders realize that this can be due to two reasons: either firm j is

the form

2= 8 (Py) — (20)

productive (high a;;) or other traders are very optimistic (high ;). Therefore, prices are
a noisy signal of firm productivity. The combination of dispersed information and position
limits for asset demand ensure that the signal is normally distributed as zj; ~ N (ajt, 02/ Bijt)
for all values of k;, and kg. I call zj; the price signal and expectations condition on zj;
instead of Pj.

A crucial object in my analysis is the precision of the price signal 8,072, also referred to
as price informativeness in the literature. If 8;,0-2 is high, financial markets efficiently ag-
gregate information and asset prices are informative about firm productivity. This naturally
leads to productive firms receiving, on average, more capital which improves the allocative
efficiency of financial markets. I focus on the endogenous component 3;;.

As is evident now, the values of Ky and k1, do not matter for price signal z;. They only
pin down the identity of the marginal trader, which has a predictable effect on the price. For
instance, the marginal trader is relatively optimistic for kg — ky > 2, which means that price
is set by a trader who received a private signal with positive idiosyncratic noise (1,5 > 0).
As a result, the price would be upward biased.Ef] Choosing kg = 2 and k;, = 0 ensures that
the choice of position limits does not introduce a bias in share prices as the marginal trader
has on average unbiased beliefs (1;;; = 0).

The following proposition shows that the described equilibrium is unique. Moreover, the
price Pj; is equal to the valuation of the marginal trader who is just indifferent between
buying or not buying and who observed the private signal s;;; = z;;. Any trader who is more
optimistic than the marginal trader (s;;; > z;;) buys two shares, whereas more pessimistic

traders buy nothing.

Proposition 1. Observing P} is equivalent to observing the signal (@ whenever K1
is non-decreasing in zj. In the unique equilibrium, in which demand x (s;j, Pj) is non-
wncreasing in Py, the price is equal to the valuation of the trader with the private signal
Sijt = Zjt,

1 =
P () = EE {Wje41l8i5e = 2jt, 2jt } - (21)

21This mechanism plays an important role in Fostel and Geanakoplos (2012) and Simsek (2013) and is
treated more in-depth in Appendix
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3.4 Bond and Capital Market

The net supply of bonds is equal to zero, fol Biiy1di = 0. Moreover, as all households are
ex-ante identical, positions in bond markets are zero for all households, Vi : B;;y 1 = 0. There
is no excess demand or supply for bonds whenever the return on bonds R, is equal to the

return that traders expect to earn on the stock market. This is the case whenever

fol EA{TLjia]sije = 21, 2} dj
fol Pjidj

: (22)

t+1 —

which is derived by integrating on both sides.
The aggregate value of the stock market is equal to the aggregate capital stock as all

revenue from financial markets is invested by firms as follows from aggregating ,
1
/ P]td] — Kt+1. (23)
0

3.5 Equilibrium Definition

In equilibrium, all traders choose the same information precision for all markets (Vij : 8;;; =

B;) and expect all other traders to choose the same.

Definition 1. A symmetric, competitive equilibrium consists of prices {Wy, pje+1, Pjr, Rit1}

and allocations {Bis1, Tije, Bije, Kjie1} such that:

1. Given prices {W, pji+1, Pjt, Reya} and allocations {xiji, Biji}, Bit+1 solves the house-
hold’s problem [P1]

2. Given prices {Pj, Ri11} and allocations { Bit1, Bjt, Kjit1}s {xije, Bije} solve the trader’s
problem [P,

3. Prices are such that markets for labor, intermediate goods, shares, bonds, and capital

clear, i.e., , , @, and hold.

4 Properties of the Equilibrium

In the following, I work out the properties of the equilibrium abstracting from the information
production decision until the next section. I focus on how the the allocation of capital can be
expressed in terms of beliefs of the marginal trader and how these beliefs respond to shocks

both idiosyncratic and aggregate. Next, I demonstrate how the allocation of capital through
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the stock market leads to total factor productivity, which depends on the information choice.
Finally, I show that the market allocation is distorted and derive the constrained efficient
allocation.

As shown in (21)), the beliefs of the marginal trader determine share prices. Therefore,
they play a central role for the allocation of capital both in the cross-section and aggregate.
The marginal trader’s expectations are a weighted sum of the realization of both idiosyncratic

and aggregate productivity and sentiment shocks,

- 1
InEA{ Aji|sije = 2jt, 2je} = wp (Bje) artwa (Bje) ajitwe (Bje) (€0 — €1)Fwse (Bje) et Vit (24)

The weights {w, (5;t) , wa (Bjt) ,we (Bjt) s wse (B5¢)} depend on information production §j;. V;
is related to the uncertainty of the marginal trader and does not depend on shocks ]

The first two terms capture the effect of aggregate and idiosyncratic productivity shocks.
If traders do not produce information (5;; = 0), traders rely solely upon their prior
(wp(0) = 1 and w,(0) = 0). As traders produce more information, they shift weight from their
prior to the realization of firm productivity (limg, o wq (8j:) = 1). This leads to a higher
sensitivity of the allocation of capital to firm-specific productivity shocks and improves the
allocative efficiency of financial markets.

In contrast to the weights on productivity shocks, the weights on sentiment shocks are
hump-shaped in §j;. If traders do not produce information, they do not have a signal to
learn from and, therefore, their expectations cannot be moved by noise (w.(0) = ws.(0) = 0).
For perfect information, traders receive signals that do not contain noise in the first place
(limg,, 00 We(Bjt) = wee(Bje) = 0). If Bj goes to either extreme, both idiosyncratic and
aggregate sentiment shocks do not affect the beliefs of traders.

The aggregate sentiment shock ¢, moves the beliefs of traders although ¢; is common
knowledge. This effect stems from the behavioral bias in Assumption [I] Traders correct the
price signal zj, for the aggregate sentiment shock but mistakenly believe that their private
signal s;;; is unaffected by sentiment and, therefore, do not correct their private signal in a

similar way.

4.1 Capital Allocation and TFP

The results so far can be combined to derive the allocation of capital and total factor pro-

ductivity in equilibrium as captured in the following Proposition.

Proposition 2 (Market Allocation). Under the market allocation:

22Gee Appendix |A|for derivations.
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(i) Firm capital is given by

E{Ajlsije = 21, 2}

; = — K. q. 25
o Iy E{Ajlsije = 21, 22}’ dj " (%)

(ii) The aggregate production function is

Y, =A (at—h 5t—1) Kf{ (26)
with total factor productivity
ab o a 2 € 2
InA(a;-1,8-1) = g1 \@1 + B + K" (Bi-1) 0 — K5 (Bi-1) 0% - (27)
N -~ 4 allocativ;rejﬁciency
exrogenous

(1ii) A (a;_1,Bi—1) is monotonically increasing in ;1 if 0> is small enough.

The first part of the Proposition highlights that capital is allocated to firms with higher
realizations of the price signal z;; whether it is driven by sentiment or productivity. Moreover,
changes to aggregate investment K, lead a proportional change in firm capital for all firms.
Consequently, total factor productivity (TFP) has both an exogenous and endogenous com-
ponent. The exogenous component is related to the realization of the aggregate productivity
shock a;, which mechanically increases the productivity of all firms. The endogenous com-
ponent captures instead the allocational efficiency of financial markets, which is determined
by aggregate information production f;.

However, the market does not allocate capital efficiently given the available information.
As traders are overconfident, expectations in condition also on the private signal s;j,
although it is uninformative after observing z;;. In other words, P;; behaves as if the precision
of the market signal z;; was (;; + 8;:0-%, although its true precision is 8;;0_ 2. Therefore, the
price overreacts to the price signal zjt.@

This distortion can be so severe that an increase in information production S; leads to

23This distortion has been studied intensively in Albagli, Hellwig, and Tsyvinski (2011a, 2015) and is
called the "information aggregation wedge." Its general equilibrium implications are studied in Albagli,
Hellwig, and Tsyvinski (2017). In contrast to this paper, their model features a combination of rational
and noise traders. Therefore, the information aggregation wedge does not require a behavioral price-setting
traders. Furthermore, it arises in any informative financial market model in which traders learn from both
a heterogeneous private signal and the price. It does not arise in models in which the information set of
informed agents is homogeneous (Grossman and Stiglitz, [1980) or in models where traders do not observe
the price before submitting market orders (Kyle, [1985). In the former case, informed agents cannot learn
anything from the price, and in the latter, it is not possible to learn from the price before trading. Both of
these models restrict the analysis to linear models, whereas non-linearity arises naturally in macroeconomic
models; therefore, a different model is used here.
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Figure 4: Total factor productivity as defined in . If the variance of sentiment shocks o2
is sufficiently large, financial markets may worsen allocative efficiency relative to the case in
which capital is equally distributed between firms (5, = 0).

a decrease in TEFP, as seen in Figure [l As traders produce more precise information, they
also wrongly put more weight on their private signal. The overall effect on TFP depends on
the balance between the beneficial effect of an increase in price informativeness ;0.2 and an
increased weight on the private signal.

This price distortion leads to ex-ante misallocation of capital, i.e., output can be increased
by reallocating capital between firms given the same publicly available information {z;;}.
A social planner would use the available information efficiently, leading to the constrained

efficient allocation summarized in the following Proposition.

Proposition 3 (Constrained Efficient Allocation). Under the constrained efficient al-
location:
(i) Firm capital is
err _ E{Aulz

eff K. (28)
h fol E { A2}’ dj

(ii) TFP AT (a,_y, B,_1) is monotonically increasing in aggregate information production

Bi-1.
(iii) AT (a;_1, Bi_1) > A(as_1, Bi—1), with strict inequality for interior values of Bi_;.

The constrained efficient allocation assigns the correct precision 3;0-2 to the price signal
2zt Relative to the market allocation, the constrained efficient allocation redistributes capital
from firms that were previously too large to firms that were too small, as seen in Figure

bl Moreover, TFP is monotonically increasing in aggregate information production f;_;
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Figure 5: Market allocation of capital Kj; as in and the constrained efficient allocation
K;ff as in 1}

under the constrained efficient allocation, because the interaction with the behavioral bias is
removed.
The following Corollary provides conditions under which the market and constrained

efficient allocation coincide.

Corollary 1. The market allocation and constrained efficient allocation (K = K;tff) cotn-
cide if

(1) symmetric information production in market j B goes to zero or infinity.

(ii) the variance of firm-specific productivity shocks o2 goes to zero or infinity.

(1ii) the variance of firm-specific sentiment shocks o2 goes to zero.

As Corollary [I] shows, the behavioral bias disappears both when households have perfect
information or when households have no information at all (5;; € {0,00}), as in both cases
traders put zero weight on their private signal. There is also no distortion if the prior is
arbitrarily noisy (02 — o00), as in that case both the market and the efficient allocation put
full weight on the price signal zj,. If the prior is arbitrarily precise (¢2 — 0), the weight

is zero for both. Finally, if the variance of sentiment shocks goes to zero, financial markets

perfectly aggregate information as the price signal zj; converges to firm productivity a;;.

4.2 Aggregate Investment

Aggregate investment in this economy is in one of two regions. In the first region, traders

consume during youth and investment is pinned down by R; 1 = %. In the second region, the
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interest rate is so high (R;11 > %) that traders exhaust their wages for investment. Finally,
Ry < % cannot arise in equilibrium as investment would collapse to zero and the interest

rate R;,, would go to infinity. Taken together, aggregate investment is equal to

. B\ ™
K41 = min <045Atay (/ E{Aj/lsii = th,zjt}e dj) ) Wi o (29)
0

Aggregate shocks and information production determine investment in the elastic region. Ag-
gregate productivity and sentiment shocks increase investment, as traders expect all firms to
be more productive. An increase in aggregate information production ; has ambivalent ef-
fects, as it may increase or decrease TFP A; and the average expectations of firm productivity

fol E {Ajilsije = zjt th}e dj may be hump-shaped in (.

5 Main Results

As laid out in the prior section, the model has several sources of non-monotonicity. Not only
may TEFP be locally decreasing in aggregate information production [3;, but also aggregate
investment K;,; may be non-monotonic in ;. These pathological cases are not due to a
friction that can easily be removed, but, rather, arise through the imperfect aggregation of
information in a market with dispersed information.

Economic intuition tells us that better information usually leads to better economic out-
comes. Indeed, the model allows for this intuition to hold by restricting the parameter space.

As Corollary [I]shows, the distortion vanishes as the variance of firm-specific sentiment shocks

o2 goes to zero. Therefore, there must be some threshold M > 0, such that whenever o2 is
below that threshold, TFP and aggregate investment K,,; are increasing in (; for a neutral
stance of sentiment (¢, = 0). For the following analysis, I assume that this is the case as

captured in the following Assumption.

Assumption 2. The variance of firm-specific sentiment shocks o2 is low enough such that

(i) 22t >,

; ) 9Ker1(Be)
(it) for g, = 0: =532~ > 0.

5.1 Aggregate Shocks and Information Acquisition

Recent experiences during stock and credit booms have raised concerns about increasing
capital misallocation during these episodes (Gopinath et al., 2017; Doerr, 2018; Gorton and
Ordonez, [2020). My model can be used as a laboratory to think about the effects of produc-
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tivity and sentiment shocks that may drive such episodes and their effects on the incentive to
produce information, thereby affecting allocative efficiency. The following Proposition starts

with the effect of aggregate sentiment shocks.

Proposition 4. There exists a threshold € such that:
(i) Information production is increasing in the sentiment shock if e, < &
(7i) Information production is decreasing in the sentiment shock if e, > €

where the threshold £ is negative for 6 > ﬁ and positive for 6 < ﬁ

Proposition || shows that the effect of relatively small sentiment shocks (g; ~ 0) on
information production is ambiguous and depends on the parameters of the model. However,
sentiment shocks always crowd out information production once they are sufficiently large.
Moreover, note that aggregate sentiment shocks do not affect price informativeness directly
but only through information production.

At first, it may seem surprising that aggregate sentiment shocks crowd out information
production, especially as in my model, firm-specific sentiment shocks incentivize information
production in the first place. This is because knowledge about an aggregate sentiment shock
changes the incentive to produce firm-specific information. In particular, there are two direct

channels through which sentiment shocks affect the incentive to produce information:

1. Sentiment shocks make valuations more extreme and, therefore, trading less information-
sensitive. A relatively imprecise yet unbiased signal is sufficient to identify grossly
mispriced firms and trade accordingly. Moreover, sentiment shocks make subtle mis-
pricing rarer, for which precise information is helpful as shown in Figure [6] This effect
crowds out information production for positive and negative sentiment shocks equally.
Moreover, firms with such subtle mispricing must appear relatively unproductive in an
otherwise exuberant market and consequently attract less capital, as in Figure [7] This
relative size effect crowds out information production for positive sentiment shocks, as

learning about smaller firms is unattractive.

2. Aggregate sentiment shocks increase aggregate investment K., which leads to an in-

crease in the absolute size of all firms and a rise in the incentive to produce information.

To further build intuition for this result, I use in to rewrite the marginal benefit of

information production evaluated at the symmetric equilibrium,
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Figure 6: Left panel: The probability of buying depending on the realization of the firm-
specific sentiment shock €;;. Right panel: The derivative of the probability of buying. The
trading decision is most information-sensitive, i.e., varies most with the realization of the

sentiment shock ¢;; around zero.

6—1
K1\ ¢ -
<M> K?+1 (Ajt — E {Ajt|sijt = th, th}>
Bijt=Bjt el

Absolute Size

Bije=Bjt aﬂijt

Information-Sensitivity

MB (Biji, Bjt)

Relative Size

(30)
The information sensitivity channel materializes through the interaction of the change
in the buying probability with the distribution of firm-specific sentiment shocks €. In the
symmetric equilibrium (8;;; = f;:), traders expect to buy whenever they are more optimistic
than the marginal trader, i.e., s;;; > 2z;; <= 7t > €j¢. The resulting probability of buying
is ®(—¢;;) where ®(-) is the standard-normal cdf. Consequently, the derivative of the buying
probability with respect to the realization of the firm-specific sentiment shock ¢, is —¢(ej¢)
where ¢(-) is the standard-normal pdf. As shown in Figure @, the trading decision is most
elastic for relatively small realizations of the firm-specific sentiment shock ¢;;. However,
aggregate sentiment shocks push the distribution of €;; to the more inelastic regions toward
the extremes.
Formally, this effect can be captured by multiplying the change in the buying probability

with the distribution of sentiment shocks
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2
€t

¢ (gjt) f (g5¢) o< exp {—m} f(éjt), (31)

where f (;,) is the pdf of e;, ~ N (e, 02) and f (;) is the pdf of €, as if its distribution was
N (N‘i—’gg, %) The information sensitivity channel is captured by the term exp {—2(%303)},
which is symmetrically decreasing around zero. Somewhat surprisingly, the decline in infor-
mation sensitivity does not depend on the actual pass-through of sentiment shocks to ex-
pectations. The reason can be found in the trading decision, which does not depend on the
actual mispricing caused by sentiment shocks but only on the realization of the firm-specific
sentiment shock e;;. Therefore, aggregate sentiment shocks can discourage information pro-
duction, even if they do not significantly affect actual prizes.

The additional effect of a decline in information sensitivity on the relative size of firms,

for which information remains valuable, is captured by taking expectations of the relative
6—1

firm-size (%) " with the density f(éjt),
Lo (KT
i f(ejne) ( Kftﬂ ) dj < exp{— (0 — 1) w1}, (32)

VBt
oo *+B: (1402 %)
effectively directed toward smaller firms, which weakens the incentive to produce information,

where w,, = . For a positive sentiment shock, information production becomes
which is illustrated in Figure |7 and is formally captured by exp {— (6 — 1) wsee¢}-

The relative size effect is increasing in the elasticity of substitution and in the pass-through
of aggregate sentiment shocks w,., which is non-monotonic in information production §;. If
intermediate goods are close substitutes, firms that are perceived as unproductive attract very
little capital. Moreover, if aggregate sentiment shocks have a large effect on expectations,
these priced firms will be even smaller and information production will be even less attractive.

The absolute size effect is captured by changes in aggregate investment. Restricting our
attention to shocks for which K;,; < W; leads to

a
K | ocexp { ] awssgt} . (33)

As long as traders do not fully invest their wages, the absolute size effect can be captured
by exp {%wseet}. Intuitively, the effect on investment is stronger when a and therefore
the returns to scale increase. A further increase in the sentiment shock is ineffectual for
the absolute size channel once traders fully invest their wages, but incentivizes nonetheless

more information production through an increase in the value of resources, as captured by

max {1, Ri110} in (P2).
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Figure 7: Firms that are fairly priced and for which information is valuable are in the center of
the firm-size distribution under neutral sentiment (¢; = 0). In contrast, for positive sentiment
shocks, the same firms are in the left part of the firm-size distribution as they appear to be
unproductive relative to other firms.

Putting all three effects together yields the marginal benefit of information production

for a given symmetric information production choice (8;;: = B;t) as

2
— € o
M B (Bijt, Bijt) X exp o (0= Dwes + ——weer o (34)
Bijt:Bjt 2 (1 + 06) \—,—/ 1 —
N————— Relative Size —
Information-Sensitivity Absolute Size
For the empirically plausible calibration § — 1 > %, positive sentiment shocks always

crowd out information, as the increase in aggregate investment is dominated by a larger
decrease in size of fairly priced firms. Conversely, negative sentiment shocks initially crowd
in information, as fairly priced firms turn out to be relatively large although aggregate
investment goes down. Finally, the information sensitivity channel always dominates for
large shocks.

Productivity shocks have quite different effects on the incentive to produce information.
Whereas sentiment shocks affect trading in multiple ways, productivity shocks leave the
buying decisions unaffected. The reason is that traders believe that sentiment shocks affect
only other traders, whereas productivity shocks affect all traders. The only channel through
which productivity shocks change the incentive to produce information is through an increase
in aggregate investment (absolute size channel) and dividends for all firms. This result is

captured in the following Proposition.
Proposition 5. Positive (negative) productivity shocks crowd in (out) information.

The model provides a rationale for the different impact of "good" and "bad" booms as in
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Figure 8: Information production is non-monotonic in the sentiment shock, with the peak

£ being negative for 6 > %a Information production is monotonically increasing in the

1
productivity shock.

Gorton and Ordonez (2020). Whereas productivity-driven "good" booms increase informa-
tion production and improve allocative efficiency, sentiment-driven "bad" booms crowd out
information and increase capital misallocation. The results of both Propositions 4| and [5| are

pictured in Figure [§

5.2 Real Feedback

Financial markets do not only react to aggregate shocks, but also shape the economy’s
response to aggregate shocks. In the following, aggregate shocks hit an economy that is in
steady state. Whether shocks amplify or dampen the effect of shocks on output is determined
relative to an economy for which the information choice is fixed at the endogenous steady
state level 5*.

In the economy with fixed information precision 5%, the only effect of aggregate shocks is
the direct effect on TFP and investment. Positive shocks of both types increase investment,
whereas only productivity shocks also have a direct effect on TFP. The opposite is true
for negative shocks, which depress investment and TFP in the case of productivity shocks.
Whereas the direct effect of aggregate shocks are straightforward, the indirect effects are
more subtle.

There are two indirect effects of sentiment shocks, both of which lead to a non-monotonic
response of the economy. First, sentiment shocks affect the allocative efficiency of financial
markets through their effect on information production, which also decreases investment.

The cost of misallocation through a decrease in information production depends on the
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elasticity of substitution between intermediate goods. If the elasticity of substitution is
large, misallocation between firms is costly. Moreover, a high elasticity of substitution also
leads to a stronger decrease in information production for a positive sentiment shock. In
contrast, the costs of misallocating capital are low if the elasticity of substitution is small.
The second effect concerns the pass-through of sentiment shocks. Since traders are unaf-
fected by sentiment if they produce either no or perfect information (3; € {0, 00}), the effect
of a given sentiment shock on beliefs must be maximized for an interior value of information
precision. Therefore, a change in information production by traders may increase or decrease

the effect of a given sentiment shock on their beliefs, which depends on whether steady state

information precision * is above or below the threshold 11‘?2. If 5* is above (below) the

threshold, then the effect of aggregate sentiment shocks is locally decreasing (increasing) in
information production. For example, a positive sentiment shock crowds out information

production, which leads to an amplification of the shock if the resulting precision choice £*
—2

is still above the threshold 112,2.

The results for the case with §* < 11{2 2_2 are captured in the following Proposition and

are visualized in Figure [9]

Proposition 6. (i) For 6 > ﬁ and B* < 11‘52_2, information production dampens positive
sentiment shocks.

(ii) Large positive sentiment shocks eventually lead to a decrease in aggregate investment

if lime, o0 /Bi(er)er = 0.

The second result of Proposition [6] captures that the costs of misallocation must be even-
tually so large that they outweigh the investment-stimulating effect of sentiment shocks.
Moreover, the direct effect of sentiment shocks vanishes as sentiment shocks grows large, as
long as information production declines fast enough. This result is captured in the following

Corollary.

Corollary 2. If information production declines fast enough as sentiment shocks grow large,
then aggregate investment approaches its level without information production By = 0 and

sentiment shock €, = 0. Formally,

lim Bt(gt)st =0= lim K(Bt(gt)a 5,5) = K(O, O)

et—too er—too

These results may initially seem counterintuitive, since sufficiently large positive sentiment
shocks possibly decrease prices and output, because the decrease information production
can outweigh the expansionary effect of sentiment shocks and eventually drive the pass-

through of sentiment shocks to zero. Moreover, this section studies only anticipated sentiment
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Figure 9: Whether information production dampens or amplifies sentiment shocks depends
on the size of the shock and the parameters. As information production affects both allocative
efficiency and the pass-through of sentiment shocks, large sentiment shocks eventually drive
information so low that investment and output decrease.

shocks. If the same shock was unknown prior to the information production decision, positive
sentiment shocks would unambiguously increase investment as in the economy with exogenous
information precision.

Similar forces are active for negative shocks with the exception that negative sentiment
shocks initially crowd in information production if the elasticity of substitution is large enough
0 > ﬁ) If strong enough, this indirect effect can even lead to negative sentiment shocks
being initially expansionary. In contrast, if the elasticity of substitution is relatively small
(0 < ﬁ), then negative sentiment shocks always crowd out information production and are,
therefore, initially amplified.

Similar to the previous section, the indirect effect of productivity shocks leads generally to
amplification. As follows from Proposition |5, positive productivity shocks crowd in informa-
tion production, which leads to an improvement in the allocation of capital and incentivizes
additional investment. Therefore, compared to the economy with fixed information precision,
the reaction of both output and investment to a productivity shock are larger if information
precision is allowed to adjust, as can be seen in Figure [I0} This result is captured in the

following Proposition.

Proposition 7. Information production amplifies productivity shocks.
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Figure 10: Productivity shocks crowd in information production, which leads to an addi-
tional increase in TFP and Aggregate Investment K, 1. As a result, the effect of productivity
shocks is amplified.

5.2.1 Numerical Illustration

This section provides a numerical illustration of booms driven by productivity and sentiment
shocks, focusing on the region of parameters and shocks for which sentiment shocks are
expansionary and dampened by information production. To capture the notion of booms,

aggregate shocks build up over time according to the auto-regressive process

y pyi-1+¢ te|0,B]
t — s
0 otherwise.

where y, is the aggregate shock, ( is a constant innovation, and p € (0,1) is the persistence.
After the boom is over, the aggregate shock returns to a neutral stance and remains there.

The expansionary effect of sentiment shocks is dampened, as can be seen in Figure
Optimistic expectations lead to an increase in investment, but traders decide to cut back
on information production, which decreases the allocative efficiency of financial markets. In
total, output still increases because the sentiment shock leads to an offsetting increase in
investment. In this case, the endogenous response of traders dampens the effect of a positive
sentiment shock.

In contrast, productivity-driven booms are generally amplified by an increase in informa-
tion production, as seen in Figure This mirrors the result from Proposition [10] Expecta-
tions of higher productivity tomorrow cause an increase in investment today, which triggers
more information production. As a result, the endogenous response of traders amplifies the

effect of productivity shocks. Times of high productivity are also times in which financial
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Figure 11: Sentiment-driven booms are dampened by information production.

markets allocate capital efficiently.

6 Is there a Role for Policy?

After studying the positive properties of the model, I turn now to the normative implications.
There are two sources of inefficiency in my model. First, there are two externalities with
respect to the information production decision that work in opposite directions. On the one
hand, traders produce information to extract rents from other traders and ignore the negative
effects they impose on others. On the other hand, the individual information production
decision does not affect the allocation of capital, whereas collective information production
is crucial for aggregate productivity. Traders ignore this positive externality of information
production. Whether information production is inefficiently high or low depends on the
strength of the rent-stealing motive relative to the usefulness for information in allocating
capital.

Second, traders’ overconfidence distorts the allocation of capital between firms as de-
scribed in section and lets aggregate sentiment shocks drive investment. A state- and
price-dependent tax/subsidy on dividends is sufficient to fix this distortion. The formal anal-
ysis has been delegated to Appendix[E|as the focus of this paper is on information production.

For the following welfare analysis, I abstract from well-known inter-generational trade-offs
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Figure 12: Productivity-driven booms are amplified by information production.

using a two-period model. Traders are born with an endowment, produce information, and
buy shares. Production takes place in the second period and the final good sector combines

intermediate goods into the final good without labor,

af

1 1 —1
v ([ nra) (35)
0

The setup is otherwise identical to the main model.

The section proceeds in the following steps. First, I explain in detail why information
production is inefficient in the competitive equilibrium and for which parameters it is likely
to be either too high or too low. Next, I consider the optimal intervention if the social
planner can only steer the information choice, but cannot decide on aggregate investment.

Finally, I propose an implementation for a policy that incentivizes or discourages information

production.

6.1 Static Information Choice

Endow a social planner with the ability to dictate a level of information production f;; to

each trader, but households autonomously decide on consumption and investment.@ More-

24The full planner’s problem is covered in the Appendix
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over, the social planner observes aggregate shocks {ag, o} before taking her decision. The

corresponding maximization problem is

1
50 0
s.t. Cl = AQ ({B’LJO}) K? (36)
Co =W, — K, (37)

1

1 7\
K| = min <a5Af‘Y (/ E{Ajt|sijt = zjt, th}e dj> ) Wi (38)
0
Bijo > 0. (39)

The social planner maximizes welfare subject to a number of constraints. Old age consump-
tion is equal to aggregate production as in (B6)), for which total factor productivity A ({8;0})
depends on information production. Youth consumption as in depends on aggregate
investment, which also depends on implicitly on information production, as seen in (38)).
Finally, is a non-negativity constraint on information production.

Since all traders and firms are ex-ante homogeneous, the social planner chooses the same
level of information precision 3y = ;o for all traders and markets. The marginal benefit of

increasing fy for the social planner is

A 1 K
MBSP (50) -4 0 0 (BO) Kl (ﬂo)a + OéAQ (50) Kl (50)0471 B I 0 1 (50) ) (40)
9B 0 9fo
N——
Change in TFP Change in Investment

The social planner targets both TFP Ag (5y) and aggregate investment K (). Note that
the latter effect is only relevant if aggregate investment is efficiently high or low, which is
generally the case due to the price distortion described in section and aggregate sentiment
shocks.

The first observation is that does not coincide with the marginal benefit in ([17)).
Moreover, the difference cannot be expressed in the form of a simple wedge. This finding

leads directly to the following Proposition.

Proposition 8. Information production is inefficiently high or low in the competitive equi-

librium.

The reason for this result is that the information production decision is subject to two
externalities with opposing effects. First, traders produce information to extract rents from

other traders, i.e., they ignore a negative externality. In other words, traders seek to get
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a larger piece of a fixed pie of trading profits. Second, as atomistic traders take prices as
given, they do not take into account the allocation-improving effect of collective information
production, i.e., they do not take into account the spillover of information production. If all
traders produce more precise information, the allocation of capital improves and aggregate
productivity increases. Both externalities are explained in more detail in what follows.

Traders think that their information allows them to systematically buy undervalued
shares, thus earning a rent. Acquiring more precise information allows them to better identify
profitable trading opportunities even better. However, if trader ij decides to buy two shares,
these two shares cannot be bought by another trader. Consequently, any rent that accrues
to trader i must be subtracted from rents that are earned by other traders. Although this
rent-extracting behavior drives information production in the first place, it can also lead to
inefficiently high information production.

In contrast, the social benefit of information production stems from an improvement in
the allocation of capital. However, this effect only arises if traders collectively produce more
precise information . In contrast, individual information production and trading have only
infinitesimal effects on prices, which are ignored by price-taking traders in their information
production decision. Therefore, information production has a positive spillover, which can
lead to information production being too low in the competitive equilibrium.

Two simple examples can be constructed to showcase situations in which information
production is unambiguously too high or too low in equilibrium. First, assume that the
social planner confiscates rents and redistributes them equally. Traders have no incentive
to produce information, but the social planner still values information for its effect on the
allocation of capital. In this case, information production is inefficiently low. Second, let
firm output be given exogenously, such that Y;, = A;;. Traders can still make bets on firm
revenue by buying or selling options. However, information production has no social value
as production is given exogenously. In this case, information production is inefficiently high.

Cases with too much and too little information can be produced in the clearest way by
varying the elasticity of substitution, which captures the importance of capital allocation for
aggregate productivity. The comparison between the planner’s choice and the competitive
outcome is in Figure First, consider the case of no substitution with § — 0. In that
case, every intermediate good is necessary to produce the final good and the necessary mix is
pinned down by firm productivities. It follows that an equal distribution of capital becomes
optimal and information about firm productivity has no social value since it no longer aids the
optimal allocation. In other words, TFP becomes flat in information. Nonetheless, traders
find it profitable to produce information as firm revenue still depends on the realization of

firm productivity.
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Figure 13: Low elasticity of substitution: Too much information production. High elasticity
of substitution: Too little information production.

Second, if the elasticity of substitution grows arbitrarily large § — oo, intermediate goods
become increasingly substitutable and the allocation of capital more important. In contrast,
traders find it at some point unattractive to produce information as most firms will be
unable to attract capital, and only the firm with the highest combination of productivity and
sentiment shock receives the economy’s capital stock. As a result, the planner’s information
precision choice is eventually above the outcome in the competitive equilibrium. The market

underproduces information exactly when it is most valuable.

6.2 Responding to Aggregate Shocks

The social planner increases information production in response to both negative and positive
sentiment shocks for two reasons. First, traders expect that extracting rents becomes less
information-sensitive when a sentiment shock hits the economy. However, the value of infor-
mation for the allocation of capital is only affected insofar as aggregate investment changes.
Second, the social planner also seeks to also steer investment through the information pro-
duction decision. For example, when a positive sentiment shock hits the economy, then
producing more precise information eventually dampens the impact of the sentiment shock.
The resulting response is asymmetric for positive and negative shocks, as positive shocks
increase investment, which makes information more valuable, whereas negative shocks lower
investment.

In contrast, the social planner’s choice in response to productivity shocks is pro-cyclical.

An increase in exogenous productivity ag incentivizes information production in two ways.
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Figure 14: Information production under the social planner and in the competitive economy
depending on the realization of aggregate shocks.

First, note that TFP can be decomposed into two parts, Ay = Ag (ag) Ao (By), where the
first is exogenously driven by ag and the second is related to allocative efficiency through 5.
Therefore, an increase in ay amplifies the improvement in the allocative efficiency through an
increase in fy. Second, positive productivity shocks lead to an increase in investment which
additionally incentivizes information production.

The social planner’s choice is shown in comparison to the competitive equilibrium in
Figure (14l For the chosen parameters, the social planner chooses generally more precise
information than traders choose in the competitive equilibrium. Sentiment shocks widen
the difference between the social planner’s choice and the competitive outcome, whereas
productivity shocks leave the gap largely unchanged. How the social planner can implement

this policy is discussed in the following section.

6.3 Implementation

Traders are taking a gamble when they decide to buy shares in a given asset. The social plan-
ner can incentivize information production by increasing the stakes for each trade. This idea
can be implemented through a redistribution of dividends between over- and underperforming

firms as shown in the following Corollary.

Corollary 3. A state-dependent tax/subsidy T (a;, zj1) on dividends with the properties,

(Z) No pTiC@ distortions: ]:NE {T (Cljo, Zj()) Hjl‘sijo = 250, Zj()} = E {Hj1|5ij0 = Zj0, ZjO}
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(ii) Monotonicity of beliefs: OE{7(aj0.zj0)Wlsij0.:20} )

8517‘0

GIE{T(ajg,ZjO)Hjl |sijo0=2j0,2j0}
D0 >0

(1ii) Monotonicity of prices:

increases (decreases) ]/w\é(ﬂijo,ﬁjo) when

oP {xz’j() = 2|aj07€j0>5z‘j075j0} >0
9Bijo -

opP {xijo = 2’%0,5]'07@]'0,@0} <0
9Bijo o

T (an,Zjo) > (S) 1 <— Hjl > E{Hjl‘sijo = Zj0, ZjO} and

T(CLjQ,Zjo) < (Z) ]l <— Hjl < E{H]‘ﬂsijo = Zjoasz} and

and there exists for all z;o some ajo for which the inequalities are strict.

Intuitively, the social planner can make assets more or less risky by taxing/subsidizing div-
idends depending on realized productivity and market expectations. For example, subsidizing
dividend payments of over-performing firms and taxing under-performing firms makes any
investment riskier and information production more attractive. To avoid distorting prices,
subsidies and taxes must offset each other in expectations.

As an illustration, the following combination of a tax 7 (ajo, 2j0) and a lump-sum transfer

T (ajo, zjo) encourage information production,

0 ajo < Zjo

7 (ajo, Zj0) =
L ajo 2> zjo
0 ajo < Zjo
T (aj0, zj0) = 4 - :
E {IL;1]ajo < 2zjo, Sijo = Zjo, Zjo}  @jo > Zjo
2 . . . .
I assume ap = —% as a normalization. In other words, the tax is confiscatory if the real-

ization of the productivity shock a;y is below the price signal zjo, i.e., the firm disappoints
market expectations. The expected tax revenue from the perspective of the marginal trader
is transferred to buyers if the realization of a;y is above zjo, i.e., the firm exceeds market
expectations. A tax schedule that incentivizes information production, therefore, increases
both the potential downsides and upsides of any trade. The before- and after-tax dividend
schedule is shown in Figure [15] for the case with z;, = 0.

Information production can be discouraged by flattening the dividend function instead.
A straightforward and common implementation is through a progressive dividend tax in
combination with the deduction of losses from realized gains, effectively offsetting part of the

incurred losses by reducing the tax owed. In the model, the social planner can completely
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Figure 15: The tax schedule incentivizes information production.

crowd out information production by buying all shares and selling shares that are claims
on aggregate output. As there is no aggregate uncertainty, such shares pay a deterministic
dividend and traders do not produce information.

To recapitulate, the social planner generally chooses a level of information production that
deviates from the competitive equilibrium. If the efficient allocation of capital is sufficiently
important, e.g., through a high elasticity of substitution, then the social planner chooses a
higher level of information precision than the competitive equilibrium. Moreover, the social
planner should seek to increase information production in response to both negative and
positive sentiment shocks. In contrast, the information production should increase with the
productivity shock. Finally, taxes and subsidies that increase the exposure to risk stemming

from firm productivity increase the incentive to produce information.

7 Discussion

7.1 Asset Purchases

In the last decade, central banks have repeatedly used asset purchases to stabilize financial
markets and spur both growth inflation (see Gagnon, Sack, et al., 2018, for a brief overview).
These interventions were accompanied by concerns that asset purchases might harm market

efficiency and lead to an increase in capital misallocationE] Although my model is too

25Gee da Silva and Rungcharoenkitkul (2017), DNB (2017), Fernandez, Bortz, and Zeolla (2018), Borio and
Zabai (2018)), Acharya, Eisert, Eufinger, and Hirsch (2019)), and Kurtzman and Zeke (2020)). In particular, the
dutch central bank argues in their 2016 annual report (DNB, 2017): “The large-scale purchase programmes
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stylized to give a full assessment of asset purchases, it can be used to shed light on the effect
of asset purchases on information production in financial markets.@

In my model, asset purchases have real effects by exploiting that information is dispersed
between traders. The mechanism works as follows: Asset purchases reduce the number of
shares in the hands of traders, which leads to an upward shift in the identity of the marginal
trader. The marginal trader turn out to be more optimistic than in absence of asset purchases,
and consequently, asset prices increase. Additionally, announced asset purchases have an
effect on information production. Then, the resulting reduction in the asset supply distorts
prices upward, which discourages information production similar to a positive sentiment
shock. Therefore, my model can provide a rationale for the concerns about asset purchases
and declines in market efficiency.

However, the asset purchases can also be used to reduce aggregate distortions in financial
markets, for example through negative sentiment shocks. When a sufficiently large negative
sentiment shock hits the economy, traders anticipate that prices will be depressed, which dis-
courages information production as trading becomes less information-sensitive. The central
bank can offset the downward bias on asset prices by purchasing assets. This counter-measure
can lead to unbiased prices, which restore the incentive to produce information for traders at
the same time as increasing asset prices. This logic is captured in the following Proposition

and is visualized in Figure

Proposition 9. Let the social planner produce d°F € (—1, 1) units of assets, such that 1—d>"
shares are left for traders. Then,

(i) asset purchases (d°F > 0) undo negative sentiment shocks both in terms of investment
and information production.

(ii) asset sales (d5F < 0) undo positive sentiment shocks both in terms of investment and

information production.

In other words, asset purchases and sales can increase market efficiency by countering
sentiment shocks. This finding is relevant for central banks in deciding when to start shrinking
the size of their balance sheets. Central banks can avoid the adverse effects of asset sales by
waiting until sentiment has reached a more neutral level. A reduction in asset holdings can

then even increase information production and market efficiency.

and the flood of liquid assets has set the risk compass in financial markets spinning, with misallocations as a
result.”

26 Although most central banks focused on buying government bonds as a form of quantitative easing, also
interventions in corporate bond markets were common, which can be interpreted through the lens of my
model (Gagnon, Sack, et al.,[2018). Moreover, the Bank of Japan also bought directly shares in stock ETFs
(Okimoto, [2019)).
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Figure 16: Asset purchases counter negative sentiment shocks.

7.2 Uncertainty
7.2.1 Traders have Imperfect Information about Aggregate Shocks

The analysis so far has assumed that traders observed aggregate states perfectly before they
decided on information precision. This assumption is not crucial for the results, which also
hold when traders have only imperfect information about aggregate states when they make
their information production decision.

The simplest setting to think about the effects of uncertainty is to reveal aggregate shocks
after the information production decision but before trading. Furthermore, assume that
aggregate productivity and sentiment shocks are auto-correlated 7| Then, the laws of motion

for aggregate shocks are given by

a; = a1 + & (41)
g = pe€r—1 + &, (42)

where p, € (0,1) and p. € (0,1) capture the persistence of aggregate shocks and & ~
N (0,02,) and & ~ N (0,02) are the corresponding innovations. Traders are able to

learn about past aggregate states by observing past aggregate investment K; and output

27 An alternative would be not to reveal aggregate shocks before trading takes place. In this setting traders
learn from private and public signals also about aggregate states. Similarly, the social planner can use
publicly available information to guide her interventions. The insights are broadly the same as in the case
when aggregate shocks are revealed after the information production decision.
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Y;. Whereas K, is moved by both productivity and sentiment, output Y; reacts only to
productivity after controlling for K;*. For example, if investment was high but output was
disappointing, investment must have been driven by a positive sentiment shock. The prior

for traders about aggregate states is then given by

aglag_1 ~ N (paat_l,aga) (43)
etler1 ~ N (pecioi, 0%.) - (44)

In this setting, past sentiment shocks generate expectations about future sentiment shocks.
The analysis of Proposition {| still applies, as traders evaluate the value of information for

different realizations of the sentiment shock &;.

7.2.2 Policy under Uncertainty

The policy analysis is not substantially changed under aggregate uncertainty if the social
planner has to take her decision before aggregate shocks are revealed. Indeed, negative
effects of sentiment shocks on information production can be offset without knowing the
exact realization, as only expectations of sentiment shocks affect information production.
The social planner can collect through surveys information about traders’ expectations of
sentiment to implement a policy that offsets the effect of sentiment shocks on information
production.

The effect of uncertainty is more subtle when the social planner also tries to steer invest-
ment. In this case, the realization of sentiment shocks matters. Therefore, any intervention
that does not explicitly condition on the realization of the sentiment shock has to weigh
the costs and benefits of taxes or subsidies on investment in different states. Increasing
information production can diminish the impact of sentiment shocks for all realizations.

A special case arises when traders are informed about aggregate shocks, but the social
planner is not. In this case, multiple indicators can be used by the social planner to identify
whether a boom is driven by sentiment or productivity. A sentiment-driven boom crowds
out information production and decreases the variance of prices, leading all firms to look
more alike. In contrast, a productivity-driven boom crowds in information, leading to more
dispersion in asset prices and firm capital. For example, if asset prices increase across the
board and the dispersion in asset prices or returns between firms shrinks, the social planner
wants to lower investment and increase information production. Instead, if there are still
winners and losers even as asset prices are booming, price discovery still occurs, and traders
are producing information. Using dispersion in asset prices and returns is more attractive

than measuring information production directly, as to whether asset prices reflect fundamen-
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tals can only be backed out after production happened. However, asset prices are available

continuously. This result is captured in the following Proposition.

Proposition 10. If the variance of sentiment shocks is sufficiently small,
(1) the cross-sectional variance in asset prices is increasing in [3y.

(1) the cross-sectional variance in asset price returns is increasing in [3;.

Finally, if the policy needs to be decided before prices form and aggregate shocks are
persistent, past realizations of price-earnings ratios can also be informative regarding future
aggregate shocks. For example, if investment was high, but output was relatively low, then
investment must have been driven by sentiment, and future investment is also likely to be

driven by sentiment.

7.3 Empirical Evidence

Many measures seek to capture a notion of information in financial markets. However, there
is no consensus on any single measure. Roll (1988) suggested a measure that attributes
movements in asset prices uncorrelated with the market or industry portfolio with new firm-
specific information. However, they can also stem from firm-specific noise. Chousakos,
Gorton, and Ordonez (2020)) employed a measure that follows a similar idea.

In contrast, Bai, Philippon, and Savov (2016) and Farboodi et al. (2020) suggested a mea-
sure that uses asset prices to forecast earnings. According to this measure, financial markets
are informative if firms with higher earnings also have a higher market capitalization. The
downside of their approach is that it implicitly assumes that the data generating processes
for earnings and prices are identical between firms, as they run regressions for cross-sections
of firms.

Davila and Parlatore (2020) avoided these objections by providing a micro-founded pro-
cedure to estimate (relative) price informativeness at the firm level, allowing for different
data generating processes for each firm. Relative price informativeness captures a notion
of how precise the price signal is relative to prior uncertainty, which coincides exactly with
Ua_fj:—;i;_g in my model. Their measure can be used to provide suggestive evidence that
information precision indeed depends on the cycle. I use an estimate of utilization-adjusted
TFP following Basu, Fernald, and Kimball (2006) from the San Francisco Fed to verify the
connection between information and aggregate productivity and as an indicator for the type
of shock that drives the cycle.

Using data from the US between 1995 and 2017, Figure [I] provides suggestive evidence
that information in financial markets varies depending on what type of shock drives the cycle.

Because the model focuses on cycles instead of long-run developments, both time series are
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Figure 17: Return dispersion was high during the dot-com boom leading up to 2001, but
decreased substantially during the housing boom leading up to the Great Financial Crisis.

detrended using a cubic time trend between 1995 and 2017 and smoothed with a two-year
moving average. The resulting time series is shown in the left graph, whereas the original
can be seen on the right. Both graphs have gray bars that indicate recessions following the
methodology of the NBER for dating recessions. The first striking observation is that the
cyclical components of price informativeness and TFP growth are positively related. As so far
as cyclical movements in TFP growth capture changes to allocational efficiency, this provides
evidence that information in financial markets indeed impacts TFP.

A second exercise allows us to back out which type of shocks drove the expansions up to
2001 and from 2002 to 2008. The period between 1995 and 2001 was marked by an accel-
eration in TFP growth, accompanied by an increase in price informativeness. This suggests
that this period was driven by technological innovations, for example, the introduction of
advanced information technologies. In contrast, the expansion between 2002 and 2008 was
marked by a sharp decline in TFP growth into negative territory and a fall in price infor-
mativeness. Through the lens of the model, an expansion accompanied by a decline in TFP
signals a sentiment boom (see also Borio et al., 2015; Doerr, 2018). The finding that price
informativeness was also declining verifies the model’s prediction that information production
declines during sentiment booms.

I use CRSP to compute the standard deviation in monthly stock returns for the US.
Following standard practices, I drop the financial sector with four digit SICC codes 6xxx

and firms with market caps in the bottom 20 percent, for which I take breaking points from
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Kenneth R. French’s website. Similarly, I only include ordinary common shares (share code
ten and eleven) which are traded on the NYSE, NYSE American and NASDAQ (exchange
code one, two, and three).

Similarly to price informativeness as in Figure |1 the dispersion of monthly returns in-
creases during the dot-com boom and decreases during the subsequent housing boom as can
be seen in Figure Viewed through the lens of the model, this suggests that the dot-com
boom has been driven by productivity, whereas the housing boom has been driven by senti-
ment. Different to Figure [2] the dispersion in monthly returns stays relatively low after the
Great Financial Crisis, whereas price informativeness decreases but stays historically high.
A possible explanation is the dispersion captures also changes in the variance of fundamen-
tals and noise, whereas the measure of Davila and Parlatore (2020) aims to correct changes
for changes in variances. Therefore, volatility may have remained low due to a decrease in
variances, whereas informativeness remained high as information production decreased by

less.

8 Conclusion

I develop a tractable framework to study information production in financial markets embed-
ded in a standard macroeconomic model. In such a model, total factor productivity has an
endogenous component that depends on the traders’ decentralized information production.
When asset prices are more informative, more capital is allocated to the most productive
firms, and total factor productivity increases. I add to the literature by studying the effect
of aggregate shocks on information production.

I prove that sentiment shocks, defined as waves of non-fundamental optimism or pes-
simism, crowd out information production as trading becomes less information sensitive.
Although such optimism increases investment, it also worsens the allocation of capital. This
result rationalizes through a novel information mechanism the empirical finding that credit
booms often worsen aggregate productivity (Borio et al., 2015; Gopinath et al., 2017; Doerr,
2018; Gorton and Ordonez, 2020). In contrast, expectations of heightened productivity crowd
in information, thereby improving capital allocation and aggregate productivity beyond the
initial shock. This dichotomy mirrors the "good" and "bad" booms of Gorton and Ordonez
(2020). My model suggests that "good" booms are driven by productivity, whereas "bad"
booms are driven by sentiment.

From a normative perspective, I show that information production is too high or too
low in the competitive equilibrium. There are two externalities with opposing effects. On

the one hand, traders produce information to increase trading rents at the expense of other
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traders. This rent-extracting behavior can lead to too much information production. On
the other hand, traders do not take into account the allocation improving effect of collective
information production. This information spillover can lead to information production being
too low. Generally, information production is too low in the competitive equilibrium exactly
when the allocation of capital matters and, hence, information is most valuable.

Finally, I apply the model to evaluate the effect of large-scale asset purchases programs. I
show that asset purchases can discourage information production. This finding confirms the
concerns of policymakers about such programs (e.g., DNB, 2017). However, asset purchases
can also improve capital allocation if they effectively reduce aggregate mispricing of assets.
Therefore, policymakers need to know which force is currently driving the cycle to react
appropriately. The model suggests that dispersion in asset prices and returns identify the
source of fluctuations in real-time. For example, sentiment booms decrease information
production, which lowers the dispersion in asset prices and returns and lets firms appear

more alike.
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A Trading

I assume that every household i consists of many traders indexed by ij € [0, 1]. The informa-
tion set of each trader consists of {s;;i, {21}, ar, €1}, i.e., traders observe their private signal,
all public signals and the aggregate states. This setting allows that traders have rational ex-
pectations about aggregates, but still disagree about firm-specific variables, which motivates
trade. I impose that kg = 2 and k7, = 0 to avoid distortions in asset prices that stem from
the choice of position limits.

The beliefs of traders about firm productivity Aj; are relevant for their trading decision

Et 1

E {Ajilsije, 21} = exp {wp ijtat T WsijeSije + Wzt (th — —— | + 5 Vi
S S A

- € 1
E {Ajt|8ijt = th, th} = exp {wp,jtat + ws’jtht + wth (th — —;) + §Vjt} ,
v Dt

where aj; ~ N (ay,02), €j1 ~ N (g4,02) and w-terms are the corresponding Bayesian weights,

-2 -2
w . ﬁjt% w . ﬁjt%
Z,ijt - ) ) Z,jt - ) —9
0% + Bije + Bjio: 0%+ Bje + Bjio:
w _ Bijt W — Bjt
S,ijt - ) ) S,jt - —92 —92
0,2+ Biji + ﬁjt% O,°+ Bjt + 5jt‘75
0;2 0;2
Wp,ijt =

Wy it = ,
02+ Byt + Buoz® T 02 4 By + Bio?
and {V;;, V;;} stand for posterior uncertainty
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Alternatively, the beliefs of the marginal trader who observed s;;; = zj; can be expressed as

a function of shocks,

wa,jt (

~ 1
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where wy ji = W jit + Ws jis We ji = Wajt/ v/ Bje and wie ji = Ws ji [/ Bie-
Trader 5 buys shares of firm j whenever

E {ILe41|805¢, 2t} > E {IL141]865¢ = 21, 2t }
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which is equivalent to
E {Ajt|3ijt7 th} > E {Ajtlsijt = Zjt, th} .

The above inequality leads to
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Since 75 is standard-normally distributed, the perceived probability of buying can be

€t
= Nijt = ¢

written in closed form
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where @ (-) is the standard-normal cdf and the weights on the realizations of shocks depend
on the information precision choice of trader ¢5 and of all other traders —¢j. For a symmetric

information choice (8;;; = B;:), the buying probability can be simplified to

P{zijt = 2|aji, €jt, Bijes Bit}

Bijt=Pjt =@ <_€jt) ’

Traders think that they are more likely to buy shares when the realization of the sentiment

shock is relatively low and shares are therefore cheap relative to their fundamental value.
Finally, traders choose their information precision taking the symmetric choice of all other
traders as given. The derivative of the probability of buying with respect to 3;;; is
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where ¢ (-) is the standard normal pdf. For a symmetric information choice (8;;; = ;) this
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expression can be simplified to

OP {xije = 2|aje, €58, Bijt, Bjt}
0Bijt

P = ¢ (gj¢t) {2\;% (aji + zjt) — \/% <wp,jtat + ws,jt 2t + Wz jt (ij - %) + ;Vﬁ,> .
B Position Limits

B.1 Exogenous Position Limits

In the main text, I have assumed that traders can buy up to two units of each stock. Assume
now that traders’ position limits are given by x;;; € [0, k]. Consider first some special cases.
Let kg € [0,1). In this case, the traders are collectively not able to clear the market.
The result is that the stock price collapses to zero, all traders produce kg units of firm j’s
stock, and the price is uninformative, because it does not vary according to firm productivity.
Similarly, if kg = 1, traders are able to clear the market, but the same outcome arises.

In contrast, if there are no upper limits to how much traders can buy (ky = o0), the
most optimistic trader alone can clear the whole market. Expectations about dividends and
the interest rate R;y; go to infinity, but prices are finite. Information becomes useless for
traders because the probability of buying in any given market is zero.

To avoid these edge cases, I focus position limits for which the market clearing condition
gives an interior solution for the threshold, i.e., Ky € (1,00). The market clearing condition
leads to the threshold s (P;;),

i (1= @ (V3 (3(P) — ) —eq) ) = 1.
g+ 07! (1 — i)

VBt

The resulting expectations of dividends can be written by multiplying the price under kg = 2
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with a factor related to kpy,
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bias through choice of position limits

Consequently, the interest rate is also distorted,
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For kg = 2 the marginal trader is neither optimistic nor pessimistic and, therefore, the bias
due to the choice of position limits is equal to zero.

Holding K, constant leads to an unchanged allocation of capital,

E {Hjt—l-l‘sijt =z + @7 (1 - é) /\/ Bit, th}
Ry
E{Ajilsije = zje, e}’

= = Kt+l
Jo E{Ajulsiz = zje, 20}’

Kjt+1 =

A different interest rate will affect aggregate investment through If buyers are relatively
optimistic (kg > 2), then the interest and aggregate investment increase. Setting ry = 2 is
for the model without the information choice inconsequential and only avoids introducing a
multiplicative factor for expectations of dividends.

For the information production decision, the choice of position limits has similar effects as
aggregate sentiment shocks or reductions in asset supply. The main idea is the same: when
the aggregate sentiment shock is positive, traders expect to buy in fewer states of the world,
making information less valuable. The same effect is present when setting the position limit
kg > 2; however, it is counteracted by traders producing more units if they trade, which is
absent in the case of sentiment shocks. Depending on which effect dominates, the maximum
information choice is achieved for kg < 2 or kg > 2.

Position limits affect the analysis for sentiment shocks and revert the logic outlined in the
main text. For example, assume that kg = 147, where n > 0 is a small number. Then almost
all traders need to buy shares to clear the market. It follows that trading is information-
insensitive because all traders expect to buy kg units of nearly all firms irrespective of the
private signal. Different from the intuition before, a positive sentiment shock makes traders
think that the trading decision becomes more information-sensitive. Recall that the trading

decision is most information-sensitive if the ex-ante probability of buying is % As the increase

1

5 from below, a

in the sentiment shock pushes the ex-ante probability of trading towards
sentiment shock can make the trading decision more information-sensitive.

The choice of kg = 2 in the main text guarantees that the marginal trader is, on average,
neither optimistic nor pessimistic absent sentiment shocks. Moreover, considering aspects
outside of the model, excess or lack of demand can lead to the entry or exit of traders
because prices are predictably under- or overpriced. It can also lead to the additional entry
or exit of firms for the same reason. Both forces tend to undo the effects of too much or
too little demand. Finally, denoting position limits in units of shares is mainly an analytical

simplification when including risk-neutral traders in the financial markets.
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B.2 Short-Selling

Short-selling was ruled out in the main text for analytical convenience, but its presence would
not affect the results of the model. Assume that traders can take also negative positions,

such that z;;; € [-2,2]. The market clearing condition becomes

2 (1= @ (VB 5 (P) — ag0) = e50) ) =2 (VB3 (8 (o) = ) = <3 ) = 1.

J/

-~ -~

buying selling

and the threshold is
e+ @7 (7)

VBt

In contrast to before, more traders need to be buying to clear the market, because previously

8 (Pjt) = aji +

inactive traders now short stocks and thereby increase their supply. Therefore, short-selling
leads to a lower price because the marginal trader will be more pessimistic than before. The
bias can be avoided by imposing asymmetric position limits, e.g., z;;; € [—2, 4], in which case
the marginal trader still is identified by the signal § (Pj) = a;i + ;¢/~/Bjt-

B.3 Endogenous Position Limits

Finally, let traders choose position limits z;;; € [k, ku] subject to cost ¢ (k) and ¢ (kp)
before trading takes place. One interpretation funds and credit lines have to be allocated
between markets, which can be costly. It may be, however, valuable if traders expect that
some markets are under- or overpriced. For example, if market j is hit by a positive sentiment
shock, traders may want to extend their ability to short-sell in this market while reducing
their ability to buy. Generally, this possibility will tend to imperfectly counteract the effects
of sentiment shocks.

The effect on the information production decision is more subtle. Consider as a partial
equilibrium example that trader ij received private information that shares of firm 7 will be
underpriced. In anticipation of a depressed market, trader ij extends her ability to buy but
completely forgoes short-selling. Intuitively, the opportunity cost of buying when prices are
too high is captured by (kg — k1) * Loss. Therefore, the value of information is increasing
in kg — k. Whether the adjustment of position limits increases information production
depends, therefore, on whether kg — K, is increased as a result.

More formally, the expected trading rents can be written as

EU (Bije, Bjt) = E {(kgP {Buy} + kP {Sell}) * Profits} .

54



Because there are no trading costs, it must be that P {Sell} =1 — P {Buy}:
EU (Bije, Bj1) = E{[(ky — k1) P {Buy}] * Profits} — s K {Profits} .

Taking the derivative with respect to 3;;; yields

— ~ oP{B
MB (Biji, Bjr) = E { {(FLH —dp) —{ uy}] * Proﬁts} )
OBt
The marginal benefit to produce information is proportional to kg — k. Therefore, if traders
decide to expand kg — Kk, in response to a shock, it will tend to increase information pro-

duction.

C Intermediate Good Firms

C.1 Micro-Foundation

Intermediate good firms sell their whole revenue stream to traders to focus the analysis on
information frictions. This assumption can be micro-founded by assuming that there are at
least two entrepreneurs without private wealth for each variety j. Entrepreneurs need to turn
to financial markets to fund their projects, but the market is competitive in the sense that,
at most, one entrepreneur for each variety j can sell her shares to traders. A mechanism
chooses the entrepreneur who promises the highest rate of return on her shares. If there is a
tie, the successful entrepreneur is chosen at random among the entrepreneurs who offer the
highest return.

Formally, the entrepreneur’s problem is

max Cikt + 0E{Cjpr41} (46)
Kjkt+l7Djkt+l(Ajt7Kjkt+l
s.t. Kjkt+1 + C]kt S -ijt' (47)
Cirt+1 < Wik (Ajiy Kjkes1) — D1 (Aje, K1) (48)
Cikt, Cits1, Kjrir1, Djkrr (Aji, Kjgeyr) >0 (49)
where
0 if 3K £ k- Rjkt+1 < Rjk’f,+1
P11’ WP 1= g i 3K £kt Rjpess = Rypregpr and VA # & = Rjgesr > Rypogn
it = ~ T Ry = gt B = ! .
! ﬁE{D]’kHI (Aje, Kjpet1) sije = zje, zjt ) W.p. ﬁ ! ’
Ty EADjkes1 (Ajes Kjkran) [sije = 2t 25t } VK %k Rjkipr > Rjpreq
(50)
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The entrepreneur maximizes her utility over consumption today and tomorrow using the
same utility function as householdsP¥| When young, entrepreneurs can either consume or
invest in their firm. When old, entrepreneurs pay out a dividend Djj;11 and consume what
remains of revenue IT;z; ;.

The entrepreneur is only able to sell her shares at a positive price if she offers the highest
return in market j. If the entrepreneur promises a lower rate of return Rj4; than some
other entrepreneur k', she will not be able to sell her shares and will raise nothing. If she
promises the highest rate of return in the economy, but another entrepreneur promises this
same highest return, she will be able to sell her shares with probability 1/|k”| where ||
is the number of entrepreneurs which promise the highest return. If only she promises the
highest return, she will be able to sell her shares with probability one. Finally, the rate of
return is given by

E{Djr+1 (Aje, Kjkr41)}

Rjkt+1 - K‘k:t-i-l . (51)
J

There is perfect competition between entrepreneurs because productivity Aj; is attached
to the variety j instead of to the entrepreneur jk and all entrepreneurs sell at the same price

pjt+1 - Therefore, the only equilibrium is one in which at least two entrepreneurs choose

Dy (Aje, Kjger) = Winerr (Aje, Kjke) (52)
Kijkt41 = Pt (53)

It is easy to verify that this is the only equilibrium. Any entrepreneur k who chooses
and can only deviate by either investing less or paying a lower dividend. It follows that
another entrepreneur exists who promises a higher return on investment, and, following
entrepreneur k is unable to sell her shares. Similarly, any entrepreneur who does not choose
(52) and does not have a profitable deviation. Choosing to invest less or promising a
lower dividend leads to no change, as the rate of return is only further depressed. Investing
more or promising a higher dividend is similarly inconsequential as long as the entrepreneur
does not choose and . If she chooses to deviate to and , she still earns
zero profits but gets to produce with positive probability. Therefore, and are an
equilibrium.

To show that at least two entrepreneurs choosing and is the only equilibrium,

it is necessary to show that profitable deviations exist for all other choices of investment and

28Entrepreneurs can only raise funds by selling claims to revenue and cannot otherwise borrow or lend.
This setting guarantees that asset prices are an invertible function of z;;, a noisy signal of firm productivity,
without which the equilibrium in the financial market does not exist. See Albagli, Hellwig, and Tsyvinski
(2011b}, [2017) for a discussion of this issue.
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dividends. First, consider that only one entrepreneur k£ chooses and and that all
others either invest strictly less or pay a lower dividend in some states. Then entrepreneur k
can raise her profits by either investing less or promising a lower dividend while still promising
the highest rate of return. Second, assume that all entrepreneurs choose an investment and
dividend policy that leads to positive profits in at least some states. In this case, there is
a profitable deviation for any entrepreneur. Entrepreneur k£ can invest more or pay a larger
dividend to promise the highest rate of return while keeping positive profits. Therefore, the
only equilibrium is given by at least two entrepreneurs choosing and (53).

C.2 Entrepreneurs with Market Power: Equity

Alternatively, assume that there is only one entrepreneur per variety. Furthermore, assume
that entrepreneurs are patient and restricted to selling equity contracts as captured in the

following Assumption.

Assumption 3 (Equity Contracts). Entrepreneurs can only sell claims to a fraction
Njt (P, Py) € [0,1] of firm-revenue.

The share of revenue that is sold to the market is allowed to depend on price P;; and on

the aggregate value of stock market, P,. The entrepreneur’s maximization problem is

Jnax - E {Cjer| Py} (54)

Cjerr < T (Aje, Kjen) — D (Aje, Kjein) (55)

D (Aji, Kjir1) = N (Pje, P) T (Aje, Kjir) (56)
0 < Kjip1 < Py, (57)

The entrepreneur maximizes her consumption, which consists of firm revenue I (A;;, Kji11)
after paying dividends D (Aj;, Kji41) subject to constraints (53)), and (57). The first
constraint states that consumption can be at most revenue minus dividends. The second
constraint follows from Assumption The final constraint imposes non-negativity on in-
vestment and states that entrepreneurs cannot borrow additional funds from other sources.

Plugging in the constraints into the objective yields the simplified problem
EA{Il;; 1 — Nt (P, P) 11 ;
A]-t(pﬁ%iijm {1141 it (Pjes ) Wy |zje t

0< Kjip1 < Py
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The asset price Pj; can be expressed as

Ajt (Pjt, Pr) o1

— ay g — 9
Pjt =« R ) Yt E {Ajt|5ijt = Zjt, th} Kjt+1‘
t+

It is optimal for the entrepreneur to invest everything she raises, which allows firm capital

to be written as

Xit (P, By oo ’
Py = Kjiy1 = (Q%Y;ﬁ YEA{ Ajtlsije = zjt, th}) :

t+1

Plugging this back into the entrepreneur’s problem leads to the simplified problem

. - e\
max_ (1 — A (Pje. P)) N (P, P)° 1 (1= o ) E {Aje|2i0} (E {Ajilsije = zjt, 2t} t—> :
Ajt (Pt Pr) Ry

The first-order condition to the simplified problem is

0 _
Moy (1= Xje (Py, P)) A (P, P)' 1 =0
]
= (0 — 1) Ay (P, P)" 2 = 0y (P, P)' ' =0
0 —1
= VJ,t . )\jt = T

Therefore, all entrepreneurs irrespective of firm-specific and aggregate asset prices sell a
constant fraction \j; = % of revenue to the financial market. The resulting dividend per

share is
0—1_, -1
I Y . [
Dijiy1 = g Y Ay

Assigning market power to entrepreneurs, therefore, effectively leads to a markup on the price

6—1
[%

funding firm investment. The effect is to depress investment, which can be undone through

of the intermediate good as traders only receive a fraction of firm revenue for completely

an ad-valorem subsidy of 7 = 9% in the market for intermediate goods.

C.3 Entrepreneurs with Market Power: Credit Markets

The main focus of this paper is to study booms that are caused by productivity or sentiment.
The available literature extensively studies such booms in credit markets. The model can be

extended to cover debt securities that are centrally traded instead of stock markets. Assume
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that the entrepreneur’s technology is given by

6—1

0
A Ky wop.
Jt =

0 w.p. 1 —mj .

In the main text, entrepreneurs were sure to succeed but their productivity was uncertain.
Now, assume instead that entrepreneurs run projects that are either successful and give a
certain payoff or fail and produce nothing. Success or failure is determined by the realization

of a normally distributed variable,

2
Oq

P(}fjt>0):P(aﬁ>a):q><“t—“> = .

The entrepreneur’s project succeeds whenever aj; ~ N (as, 02) has a realization above the

threshold a. Households have dispersed information about the firm-specific shock s;;; =

Cljt‘i_nijt—\/;_—ejt where 7,j; is idiosyncratic noise and ¢j; is correlated noise. Same as before, traders
5t

suffer from correlation neglect and perceive only their own signal to be s;;; = aji +niji/+/Bijt-

The household’s problem is the same as in the main model.

To finance their projects, entrepreneurs issue a unit mass of debt securities with the payoff

Ay ifY,>0
th - 7t o .
0 otherwise

The security pays an amount \;; when the project succeeds and pays zero otherwise.@ The
entrepreneur maximizes the revenue that she can keep in case of success after repaying debt

obligations

max  pje1 Yier1 (e, Kjepr) — Xie (aje, Aje)
Ajt, Kt

0< Kjp1 < Py

The entrepreneur invests all raised funds, K11 = Pj;. Using P (aj; > alsiji = zjt, 2jt) =
P (aji11 > a) where a1 ~ N <IE {Ajilsije = zj1, 2j1 } ,V) are the posterior beliefs of the

29Quantity and payoffs can be interchanged by denoting the mass of securities by Aj; so the payoff in the
good state is normalized to one. Instead, the quantity is normalized to one and the payoff is allowed to vary.
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marginal trader, the price of debt and firm capital can then be written as

At E{A't‘si'tzz't Z‘t}
K‘ — P — ] (I) J J Jty ~]) ’ 58
Ua 7 Rt+1 ( \/\_7 ( )

where V = (0,2 + B;; (1 +0-2)) 'is the posterior uncertainty. The solution to the en-

trepreneur’s problem is

~ 0—1
E{Ajtlsz'jt=zjuzjt}>

0—1 o ( vV
i = [ ——aY 2 A
Jt ( 0 t+1 t+1) (Rt+1)071

: (59)

which depends on the market valuation of debt or equivalently the interest rate that en-
trepreneur j faces. Using and in the expression for firm-revenue allows the en-
trepreneur’s decision to be expressed as a fraction of output,

Ajt 0—1

= . 60
Pit+1 Yt (e, Kjgr) 0 o

This result recovers the optimal equity contract from section [C.2]

In contrast to the model with equity, there is an additional channel through which shocks
affect information production. The binary payoff function introduces changes in the vari-
ance of outcomes for firms driven by productivity and sentiment shocks. The variance of
outcomes is captured by 7, (1 — 7;;), whereas riskiness normally would only be captured by
the probability of failure, 1 — m;. Intuitively, a project is entirely safe whenever the prob-
ability of success, m;;, is equal to one. In this case, learning about the firm-specific shock,
aj;, is inconsequential. The same reasoning applies if the project is sure to fail (7;; = 0).
Therefore, the effect of changes to a; is ambiguous. Positive shocks to a; trigger additional
information production only when 7;; was low before, but they crowd out information when
debt becomes safe as a consequence. Therefore, the aggregate shocks affect the (perceived)
riskiness of debt [

Although my model abstracts from banks and credit intermediation, it replicates the main
stylized facts of credit booms before financial crises. First, credit booms are episodes of sharp
increases in lending and economic activity (Jorda, Schularick, and Taylor, [2010). This is the
case in the model presented here, as the volume of credit increases in response to a positive

aggregate shock. As a result, investment and economic activity increase. Second, credit

30 An alternative interpretation is that productivity shocks affect productivity conditional on success, A;y1.
In this case, productivity shocks would have no effect on the riskiness of debt and would behave similar to a
productivity shock in the model with equity markets.
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becomes riskier as lending standards are relaxed, and riskier firms get access to credit (Keys
et al., 2010). In response to a sentiment shock, all firms are considered to be safer than they
actually are. Because there is more scope for a change in beliefs for relatively risky firms,
the sentiment shock leads to a disproportionate increase in funding for risky firms (low ;).
Third, credit spreads decrease in the boom phase before a financial crisis (Krishnamurthy
and Muir, 2017)). In the case of sentiment driven booms, all firms are perceived to be safer

than they actually are and, therefore, spreads are low.

D Multi-Sector / Country Model and Sector / Country-
Specific Shocks

Let the economy consist of N € N sectors or countries. Each consists of a unit mass of firms
indexed by nj € N x [0,1]. Similarly, each household now has one trader for each firm in

each sector or country. The aggregate production function becomes

af
6—1

On 6—1
R Tl 0
> (/ Y, o dnj) ] : (61)
0

neN

}/t — Ll—a

where 0,, is the elasticity substitution inside sector or country n € N. Productivity and sen-
timent shocks can now also be sector-specific, such that a,,; ~ N (ant, ain), Ay ~ N (ay, ag)
and &,,j; ~ N (Ent, ng), Ent ~ N (&, 02). Sector-specific and aggregate shocks are observable.

In reality, booms rarely affect the whole economy equally. For example, the dot-com
boom of the late 1990s was mainly about information technology and the emerging internet.
Similarly, the housing boom in the 2000s concentrated in the financial and construction
sector. In contrast to the economy-wide sentiment shock studied in the paper’s main body,
sector-specific sentiment shocks lead directly to an increase in capital misallocation as the
marginal product of capital declines in the shocked sector.

Nonetheless, the main finding leads then to an additional insight: sector-specific sentiment
shocks lead to an increase in capital misallocation inside the shocked sector. Not only is
there too much investment in a specific sector, but this investment also flows to increasingly
unproductive firms, thus amplifying the welfare costs of a sentiment boom. This result is

captured in the following Corollary analogously to Proposition

Corollary 4. A sector / country-specific positive sentiment shock can lead to an increase in

capital misallocation inside the sector or country.

At the same time, the redirection of capital investment towards the positively shocked

61



sector can hurt non-shocked sectors, leading to a negative spillover of positive shocks across
sectors. This is the case whenever aggregate investment is fixed (6 — oo) or goods from
different sectors are close substitutes (6 — oo). This analysis also extends to a multi-country
setting with free capital flows, in which a sentiment boom in one country leads to an increase

in capital misallocation in both countries.

Corollary 5. If aggregate investment is fized (§ — 00) or sector goods are close substitutes
(0 — 00), a sector / country-specific positive shock leads to an increase in capital misalloca-

tion also in all other sectors / countries.

E Full Social Planner Problem

In the main text, the social planner could only intervene by choosing information precision.
Now, the social planner can choose consumption, information production and investment in
the aggregate and cross-section to maximize social welfare, defined as the sum of the utilities
of all traders. Therefore, the social planner is able to achieve the second best by fixing all

inefficiencies. The maximization problem is

1
o mex Co + 0Eo {C1} — /O TA(Bjo) dj (SP1)

st. Ky =Wy—Cy
Cy <Y1 ({Kj} {Bj})
Co < Wo
Kj1,Co, C1, Bjo = 0.
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Constraint states that aggregate capital in period 1 is equal to endowments W, minus
youth consumption Cj. and are resource constraints. are non-negativity
constraints on consumption, information production and capital. The solution to the social

planner’s problem is given in the following Proposition.

Proposition 11. The social planner’s allocation under perfect information about aggregate

shocks {ao, €0} is given by {C§T, K3F, K77, 557}, where

E{A.z:n1?
K_;S;[P: { JO|ZJO} KiS'P (66)

fol E {Ajolzjo}’ dj
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leading to aggregate oulput

o

1 0—1
VPP = A37 (KP7)" with AFY = ( / E {Aj|zjo}" dj) : (67)
0
The interest rate is
a—1
RS” = adS” (K57)" (68)
which leads to aggregate investment
KSP = min { (asASF) ™= ,WO} . (69)
The symmetric information production choice is
OAST o OIA
for all Bjo = B5F 6 =2 ISP) = 0 . (70)
860 Bo=B5"F 850 Bo=B5F

The social planner fixes the two aforementioned inefficiencies. First, the social planner
distributes capital optimally by attributing the correct precision to the price signal z;; as in
(28) and . As a result, ex-ante marginal products of capital are equalized between firms.
This reallocation of capital leads to an increase in TFP as in Proposition |3| compared to the
competitive allocation. Second, the social planner chooses information production 85 to
increase TFP instead of trading rents. Given that the social planner optimally distributes

capital between firms as in , an increase in 357 always benefits A5T.

E.1 Implementation

In this section, I investigate how the social planner can implement the centralized allocation
through the use of taxes and subsidies. Net proceeds and costs of taxes and subsidies are
distributed lump-sum between old traders.

The social planner can apply a tax/subsidy on dividend income to achieve the constrained

efficient allocation of capital. Under this state-dependent tax/subsidy, traders receive

, ‘ ELAqlz
H]DlE = TBzas (ZjO) Hjla where TBms (ZjO) = = { jO| ]0} . (71)
E{Ajolzijo = zjo, Zjo}
As seen in Figure |5, 751 (z0) is a subsidy on dividends whenever K;lff < Kj;. If the social
planner has information about aggregate shocks, the tax/subsidy corrects also for aggregate
sentiment shocks through the marginal trader’s expectations E {Ajolzijo = zjo, zjo}- A tax

(subsidy) can lower (increase) investment in response to a positive (negative) sentiment shock.
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Moreover, a tax/subsidy 7/"/°(8;;0) on information production is sufficient to induce the

socially optimal level,

Jg—é 1505 Mj
9IA (Bijo) T (Bi0) = v ]f) v
9Bijo ’ 5?)_1;))[(1&

OI APE (Bijo)
0Bijo

_ 7_Info (5@‘0) Bijo=Bj0 . (72)
Applying the after-tax marginal cost leads directly to the first-order condition as in ([70)).

The results are summarized in the following Proposition:

KSP S

Proposition 12. The social planner’s allocation {Kfp, A OP} can be implemented through

tazes/subsidies and (79).

Alternatively, the social planner can use transaction taxes to implement the optimal
capital allocation. Since Tobin (1972)), financial transaction taxes have been discussed with
the objective of reducing volatility by making short-term speculation less profitable. This
analysis is inapplicable here as assets are short-lived and only traded once. Nonetheless, a
transaction tax can be used to drive a wedge between how much traders pay for shares and
how much is invested in capital. The following Proposition shows how such a transaction tax
can be used to stabilize investment against sentiment shocks and reallocate capital across

firms.

Corollary 6. (i) Aggregate investment can be stabilized with respect to sentiment shocks

through a transaction taz,

VB

KDE _ Trans P Trans — —Wee e = . 73
71 T (50) 70> T (EO) eXp{ w 60}’ w O'(;Q _I_ﬁo (1 i 0;2) ( )
(#1) Dividend tax/subsidy can be substituted by a state-dependent transaction tar,
E{Alz
KﬁE — TTroms (P] )Pj07 7_Trcms (P]O) { J0|Z]0} (74)

— E{Ajolsijo = zjo, 20}
F  Information Structure

I assume that traders are overconfident in that they wrongly believe that sentiment drives
the beliefs of all other traders but does not drive their own beliefs. Whereas it is empirically
reasonable to assume that behavioral biases play a role in financial markets, I chose this
approach for tractability. Avoiding the introduction of non-optimizing agents greatly simpli-
fies embedding a model of informative financial markets in a macro setting and facilitates

the welfare analysis. Moreover, overconfidence is sufficient to motivate costly information
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production and to avoid the Grossman-Stiglitz paradox. This assumption is not necessary
for deriving the main result that sentiment shocks crowd out information and can identically
be derived with noise trades in partial equilibrium.

In the following, I walk through different assumptions for the information structure and

their relationships to information aggregation and production.

Exogenous Public Signals

The simplest case is one in which traders do not have private signals but instead observe public
signals of the form zj; = aj; + £;;/+/B. This setting mirrors the allocation in Proposition
However, it has nothing to say about the origin of the signal. How does it come about, and

what determines its precision?

Heterogeneous Private Signals

To say something about the aggregation of information, endow traders with heterogeneous

private signals
Mije + Ejt

VB

Following the same steps as in section [3.3|leads to the market equilibrium under the assump-

Sijt = ji +

tion of rationality and overconfidence.

Under rationality the efficient allocation of capital is achieved, but information production
is ruled out. As in the model with overconfidence, observing the asset price is isomorphic
to observing zj; = [ s;;dj. Rational traders realize that they have nothing to learn from
their private signal after observing the public signal z;;. However, setting up this equilibrium
requires that traders use their private signals to make buying decision. In this setting, traders
are indifferent between buying and not buying, as they all share the same information set.
Therefore, the indifference can be broken in favor of buying whenever s;;; > zj m

The main drawback of this approach is that it rules out costly information production.
The private signal s;;; becomes fully uninformative after observing the public signal z;; in
equilibrium (Vi : 5, = B;:). In this case, the trader finds it optimal to deviate to §;;: < B,
which guarantees an informative private signal. However, since traders are ex-ante homoge-
neous, no asymmetric equilibrium can exist. There is no equilibrium with costly information
production and rationality, similar to the result in Grossman and Stiglitz (1980)).

To overcome this problem, I assume that traders think that their private signal does not

contain sentiment. Therefore, they do not discard their private signal s;;; after observing the

31This class of equilibria is referred to as "fully revealing rational expectations equilibrium," and this class
is studied in Grossman (1976).
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price signal z;;. The posterior of trader ij becomes

BijtSije + ﬂthE_Qth 1
ajt|3ijt> Zit ™~ N ) 50 o 5 |
0,2 + Bijt + Bjo=? 0,2 + Bije + Bjio:

where I have marked in blue terms that follow from the overconfidence assumption. It follows
that traders have posteriors that are too precise, as they think that their private signals
remain informative after observing zj. This misperception motivates traders to invest in
their private signal with the anticipation of trading rents. Finally, this bias leads to an
overreaction of prices to the price signal z;; as described in section This price distortion
appears also in models with rational and noise traders, if rational traders learn from prices
and have heterogeneous private signals.@ The main focus of this paper, however, is not on
the price distortion, but rather on time-varying price informativeness and the allocational

efficiency of financial markets.

G Proofs

Proof of Proposition [1 This proof follows the same steps as the proof for Proposition 1 in
Albagli, Hellwig, and Tsyvinski (2017) as the financial market in my model is isomorphic to
their version. It is repeated here for completeness. The only difference is that K, depends
on the price signal z;;, whereas &k in Albagli, Hellwig, and Tsyvinski (2017) is determined
before trading takes place. Therefore, it is necessary to assume that K. (zj) is non-
decreasing in z;; as the price might otherwise be not invertible, which is confirmed ex-post.

There must be a threshold 5(P;;) such that all households with s;; > §(P;) find it
profitable to buy two units of share j and otherwise abstain from trading. It follows that the
price must be equal to the valuation of the trader who is merely indifferent between buying
and not buying,

Pjy =E{D (Aji, Kjei1) |sije = § (Pje) , Pic} -

This monotone demand schedule leads to total demand 2 (1 — @ (\/Bj¢ (8 (Pj) — aj) — €5¢))-

Equalizing total demand with a normalized supply of one leads to the market clearing con-

2 (1 - (\/B_Jt<§ (Pjt) — aj) _5jt>> =1

€j

with the unique solution §(Pj) = zj; = aj + \/ﬁL If Pj is pinned down by zj, then
it

dition

Pj; is invertible, given that K1 is non-decreasing in zj. It follows, then, that observing

Pj, is equivalent to observing zj ~ N(ajt,ﬁj’tlae) . Traders treat the signal zj and their

32For a more detailed discussion, see Albagli, Hellwig, and Tsyvinski (2011al, [2015)).
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private signal s;;; ~ N (ajt, B;tl) as mutually independent. Using this result, the price can
be restated as
P (26, Kjir1) = E{D (Aje, Kjen) 3650 = 2jt, 25}

where posterior expectations of trader 77 are given by

—92 -2
il Siji, 2jt ~ N (Ua ar + Bijesije + Bjtos "z 1 )
M _ _ ) _ _ *
0,2+ Biji + Bjo? 0,2+ Biji + Bjo?

It remains to show the uniqueness of the above solution. Begin with the assumption that
demand d (s;;1, Pjt) is non- increasing in Pj. It follows that §(P;;) is non-decreasing in Pj;.
There are two cases to differentiate. First, if §(F};) is strictly increasing in Pj;, then the
price is indeed uniquely pinned-down by z;; and invertible; it can be expressed like above.
Secondly, assume that the threshold is flat over some interval, such that §(Pj;;) = § over
some interval P € (P',P") for P' # P”. Furthermore, choose ¢ > 0 small enough such
that §(P;;) is increasing to the left and the right of the interval, i.e., over P, € (P — €, P')
and Pj; € (P”, P" +¢). In these regions, § (P;;) is monotonically increasing in Pj;, which is
uniquely pinned down by z;; and invertible; observing the price is equivalent to observing
the signal z;;. In this case the price can be expressed as before for z; € (5(P' —¢),3)
and zj;; € (5,5(P" +¢€)). This leads to a contradiction in the assumption that P’ # P”,
because P (zjt, Kji4+1) is both continuous and monotonically increasing in z;,. Therefore,

§ (Pj) cannot be flat and the above solution is indeed unique. O

Proof of Proposition[d (i) Using in leads to the expression for firm capital

aY oY - o
K = < Rt+1E{Ajt|Sijt = Zjt, th}) . (75)

t+1

Plugging R;, from into using leads to

E{Ajlsij = 20, 2je}’

Iy E{Ajlsize = zje, 250}’ dj

Kjt+1 = t4+1-

Finally, plugging this expression for firm capital into the aggregate production function leads
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to

ab

(fol AjeaB{ Ay alsier = zj1, za ) dj) B K
_ t

<fo1 E {Aji—1lsiji—1 = zji—1, thfl}e dj)
= A L'KY

where total factor productivity is

(fol Ajt—le {Ajt—1|3ijt—1 = Zjt—1, th—l}e_l dj) !

Ay = 1~ 0 ;-\%
<f0 E{Aji1|8ijt-1 = 2ji—1, Zjt—1} d])

: 2 o—1) 11
:exp{ﬁatl—l—((e—l)wa—i—l) Ea+(9_1)2w3%+(0—1)w358t1+( . >V}

2 6 a
:exp{@at L+ Pw 22“ + 0w 225 + OQwgeerq + V}

ab ab o2 o?
:exp(e_lat 1+(0_1((0—1)wa+1) — ab’w 2)3—1-(&9(6’—1) a02)w§?)
= ex a@a +af | (0—1)w?+ 2w —|———0w2 —82
AV tTp—1 e 2

1 o2 o2 20
_exp(m(at—l"_?)_’_wa(Z_wa)?_ws2)

The weights {wa, we, ws: } and V are derived in Appendix |A]l Finally, total factor productivity

can be expressed as

2
In Ay (@41, Bi—1) = 9%01 (at—l + %) “(Bi-1) 0 — K5 (Bi— 1)

vV
~ ~~ -~ allocative efficiency

exogenous

where k% (8;_1) = M and k° (B;_1) = ==
(iii) we(B;) is monotonically increasing in ;. In the case with 5, = 0 or 8, — 00, no noise
enters the posterior of traders. Therefore, the Bayesian weight on realizations of correlated

noise, w.(f;), must be hump-shaped. It follows then from that if o2 is large enough
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relative to o2, TFP is an inversely hump-shaped function of 3;. Reversely, if o2 is small

enough relative to o2, A (a;_1,5;_1) is monotonically increasing in 3;_;. H
, ; eff _ _ BoZ? eff — _\/Bo? ~
Lemma 1. Dfinote the1 Bayesian weights wi'/ = g Ve = and posterior
" e —
uncertainty V¢7/ = g then
2 2 2 2 2
R AR A
=Var(E{a;¢|2;:}) Var(aji|zji) Var(ajz)
Proof.
2 _—4 —4
o 1
(W;ff) 02+(w§ff) O_2+Veff_ tYe 2 ﬁt € g

]

Proof of Proposition [3 (i) An efficient allocation of capital equalizes marginal products

between firms. Demand for firm capital follows from the following maximization problem
B (A ) KT
%if oY E { Az} K4 — Ren Kjen

with the first-order condition

E{A;|z; o o
Kji = (%ayﬁo :

Integrating over all firms on both sides yields

1 5 .
Ry = (/ E {Aj|2j:}° dj) YKL
0

Plugging this expression back into the first-order condition leads to the constrained efficient

allocation ,
E {Ajilze}

K't+1 = :
’ fol E{Aj|z;}’ dj

t+1-
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(ii) Plugging into leads to
= A:{J;Ktaﬂ

where the constrained efficient level of total factor productivity is

Jo AGEA{Azlz1}" di) "
<fol E{Ajlzje-1}" di)

A = (

The analytical expression can be obtained by evaluating the conditional expectations and

using the constrained efficient Bayesian weights and posterior uncertainty,

92 -2 -2
eff — _ Ta off _ _ B0 erf _ N Pro10e yerf _ 1
o2+ Bao? Y 02+ Bro? T 0P+ Brao? 0.2+ Br102?

which leads to

ab

fol A1 E{ Ay ’Zz'tq}a_l di) o
(fol E{ A ’Zitfl}e di)

AT = (

2 2 _1 -1
= exp {Hat_l +((0 - we + 1)2% +(-1) (wfff)Q% + %—)Veff}

2 2 «
: exp {9&,51 + 62 (szf)2 % + 62 (w:ff)2 % + gVeff}

= exp (Qoielat—l + <9aT91 ((0 1) eff + 1) 0492 ( 6ff) > + (04(9 a92) ( eff)2 g
O{g e e 1 2 0'2 e 2 0'3
ZGXP(9_1at_1+a9<(9—1)(waff) +2wff+0——9 (welh) ? (wel 1) 7)

1 o2 o2 2 0, 2 02
— (a2 %a fopeffla _  (etf welf)? 22
eXp(9—1<at1+2)+wa 2 ((wa )3 2
2
LemmaIl 1 2 o2 Oa — o +B oo
on 2 eff\ Za _ a t—10¢
exp(e_l(at 1+2>+ (wa )2 (
1 2 o2 o2\
_ ouweft%a _ efs%
exp (9_1<at1—|—2)—|— W, 5 w, 5

_ 1 i 0-2 4 effo-z o0
= exXp 01 Ay—1 5 W, 5 .
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TFP under the efficient allocation of capital can be similarly decomposed in two expressions,

b 0'2 0.2

mAY = — [q,_ | + =2 abweffla

=1 = g1 (% + 5 + g

N < —

exog\e;ous allocative efficiency
It follows that

owel ! 0= dA! -0
867?—1 3@_1 '

(iii) As under both allocations capital is distributed equally between firms for 8, 1 = 0,

total factor productivity also coincides,

. ab o?
Ati{ = A1 =exp (—9 1 (atl + 7)) .

In the perfect information (8;_; = o0) case the efficient and market allocation also coincide,

1 o2 o2\
Af{{ =A;_1 =exp (m (Clt1 + ?‘1) + ?a) )

For 8, € (0,00), TFP under the constrained efficient capital allocation must be higher
than under the market allocation, as is the allocation is explicitly derived to maximize
firm-production given the available information information, which guarantees that ex-ante

marginal products of capital are equalized given an aggregate level of investment ] O]

Proof of Corollary (1l The distortion vanishes of the expectations of the marginal trader
E {Ajt|5ijt = Zjit, th} and E {Ajt|zjt} COiIlCide7 i.e., Kjt+1 = K]etfgl
(i) When the private signal is infinitely noisy, both the expectations converge to the

unconditional expectation,
U B { Ajelsije = 2je, 250} = W B { Agelzje} = E{ Az}

When the private signal is infinitely precise, both expectations converge to the actual real-
ization of Ajq,

Jim E {Ajlsije = 2je, zje} = Jim E {Ajlzje} = Aju

(ii)) When the variance of firm-specific productivity shocks goes to zero, i.e., the prior

33Direct proof is in the making.
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becomes arbitrarily precise, both expectations converge to exp {a;}

lim E{A|si0 = 21, 2e} = ImE{A |z} = exp {a;} .
5250 { Jt| ijt Jt Jt} 5s0 { Jtl Jt} p{ai}
When the variance of firm-specific productivity shocks goes to infinity, i.e., the prior becomes

arbitrarily noisy, both allocations coincide because they put full weight on the price signal

lim w, = lim w =1

th;
03250

05250

w. — Bi(1+0?) Wl — Broz?
Too 2+ B (1402 T 02+ o

where

]

(iii) When the variance of firm-specific sentiment shocks goes to zero, financial markets
perfectly aggregate dispersed information as the precision of the price signal goes to infinity.

Lemma 2 (Joining two Normal PDFs ). Let f (¢j;) be the pdf of 1 ~ N (g4,02) and ¢ (*)

L e

the standard-normal pdf. Then
} 27 (1 + o2)

Fen ot e {50

€t Oe
14027 1402 | -

where f () is the transformed pdf of €, ~ ./\/(

Proof. Write out the pdfs explicitly,

B 1 (g5t — 5t>2
flej) = \/Tag eXp {_ : 202 }
1 1 2-,5 it — €t ?
f(eje) d(ej) = \/W V2r eXp {_% = 2028 : }
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Rearranging the term inside the exponential function,

2
Eit — &
%%ﬁ
£

join fractions

divide by (1 + o?)
add and substract
exchange terms

join paranthesis again

This allows to write

gjt — 2ej8, + €7

2
O

Ejt

(1 -+ O'g) 5jt — 25t5jt + 8?

2

0¢

N VT
Ejt = 28jt o7 T 1302

2
€t

o2
1+o‘§

ch — Do St 4 e? et
Jt Jt1402 1402 + 1402

B ? Tro?
o o? a2
1402 1402
€t Et 2 5? €t
€jt = 2jtor T | Thez 702 — \ 1102
o o2 + o2
1402 1402
2 2
iy — —Eb_ €7 _ €t
Jt 1402 1402 1402
N o2 o2
1402 1402
2
Lo &t 1
<€]t 1+‘73> 1 1+02 9
- O’g 2 t
1402 €
2 1+02-1
Lo &t oZ—
<€]t 1+"3) Tro? o
o2 2 3
c o
1+(rg €
2
L, o &t
_ (5315 1+a§) e?
2
Lk 1+ 0?2
1402
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1 1 it it — &t 2
fejn) ¢ (gje) = N exp {_% - %}

2
1 1 1 1<€jt——1i23> { 1< £2 )}
eXpy — 5% ¢ Xp —2=

- Vo222 2 11;2 2

2
1 o2 1 1 (’%'t— —ﬁlg) { 1 ( £2 )}
= eXpy 5= ¢ &XpP§—3
NEE 27 (1 4 02) /27r1j‘372 2 1::%3 2 \1+o02
e}

= (i) o

]

. 0;2
Lemma 3 (Auxiliary Results Market Allocation). Denote the Bayesian weights w, = %,
Oaq jt O¢

We = e = Buuoc”
= — gt — — —
€ A /ﬁjt ’ 2€:J Oq 2+ Bjt(l"ro's 2
2
9 9 2 o )
(i) wio: + w Tz tV =0,

ik and posterior uncertainty V = oy then

€

2
)2 9 2. 02 _ 92 y_ 2
(i1) wio? + w? 2 = 4 V = w0y,

(1) 257 = wee.

Proof. (i)
N - - -
ok i T+ - oj izél<1+f22—)2>>2 (a—zi%?lt?—m? (c;f—f: e «:522)))2

0724281402 + 0282 (14 0.2)?
(0,24 B(1+022))°
0 202810+ B (1402,
) (0,2 + B(1+0.2) o
CHBA+a)
Ao

o
o

_
(

ISIN V)
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(ii) The first equality follows from (i). Then

1
2—V: 2
a % o2+ [ (1+0?)

a0t oB(1+0?) -1

o2+ (1 +0?)
B(l+0?) 2

02+ 3(1+02)""

ven -2
(i) 57 = Z0ier?) = ae) = e O

Lemma 4. In the symmetric equilibrium with B = Bj¢ for K < W,
(i) Sentiment shocks e, affect the marginal benefit of information production through three

channels,

2
€ «a
M B (Bijt, Bjt) X ex ——1t — (0 — 1) wseet + ——wgee
gty Mt Biit=P; p 2 sect sect
it=Fit 2(1+02) ~—e —— 1l-a
—— RelativeSize -
Information-Sensitivity Absolute Size

(7i) Productivity shocks a; increase the marginal benefit of information production,

af —0+1 a
MB (ﬁijt’ﬁjt)|ﬁijt:,8jt x exp{( 1 + - + 1) at}.

Proof of Lemmal4] (i) Assume a; = 0 without loss of generality. The marginal benefit
to increasing [3;;; is

MDB (ﬂijt7/8jt)‘ﬂijt:6jt :/ g(Cm)/_ f(gjt) %

QA (76)
Bijt=Bjt
o Aot = E{Aj|sij0 = 2je2je ) B AA [ sije = 2o, 2}

0—1
(fol E{Ajelsije = 2je, 2¢} di)

(0%
Kiidejidagy,

0

where g (a;;) is the pdf of aj, ~ N (0,02) and f (¢j;) is the pdf of £;, ~ N (&4, 02). The most

immediate effect comes from changes to aggregate investment K. For 6,4, = 1,

o

. 1 _ . % -« o
Kta—l-l = (OéCSAt Y </ E {Ajt|3’bjt = Zjt, th}e dl) > X exp {mwseet} . (77)
0 —

5



The Absolute Size channel is summarized by exp {ﬁwsaet}. Next, the derivative of the

probability of buying at 5;;; = B3;: is

OP {2, = 2 . . S — Wae 1 V.
{@ije } — ¢ (5jt) Wp,jt a;; + Ejt Wttt — Wee,jtEt Lot 7
85@% Bije=DBit \V 5jt 26]‘75 \V 5jt 2 ﬁjt

where ¢ () is the standard-normal pdf. Combine f (g;;) with ¢ (¢;;) using Lemma ,

oo e =exp{ —5 Lo b o e (79

o2

where f(sjt) is the pdf of a fictional variable £;; ~ N (1_‘?02, 1+;2>' The Information-

Sensitivity channel is summarized by exp {—2(%302)} For the rest of the proof, substitute
2
oz Et
Ejt = T+
7t \/ 1+02 1+02
2
o
de;y = < —dx
7t 1+ 02

)

Substitute €;; out of the terms in parenthesis in% leads to
ij

Bijt=PBjt

o2 Et 1 Vjt

W i 1 We i
pogt Qjt + — 9% £ 21’ + 3 + =
\V4 ﬂjt 25jt vV ﬁjt 1+ O¢ 2/8jt (1 + Ua) 2 Bjt

/)
= + % + ot g+ 1V
= €XP § Waljt T We 1+ 0255 W 9

')

Substitute €;; out of E {Ajtlsije = zjt, zjt },

DN | —

E{Aji|sije = zjt, 2jt} = exp {wa&jt + WeEjt — WeeEs +

2
05
1+ 0?2

T+

N —

= exp {waajt + We
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Substitute €;; out of the firm-specific multiplier for firm capital,

o2

E{Ajilsije = 21, 256}° "

(fol E{Ajtlsije =z, 20}’ dj) ’

x4+ (0 —1)we et

@-1)0
— exp{(@—l)waajt—&—(G—l)wg T+ o2 1+ag_(0_1)w56t_ 3 (wgag—&—w

o2 o2
xexpl (0 —1)waajs + (0 — 1) we 1+ng—(9—1)wsl+ag£t

2
= exp {(0 — 1) Waajt + (9 — 1) We 9e 21’ — (‘9 - 1) Wsegt}
1+o02

= exp {(6 — D waajt + (0 — 1) wey | 1 1302 J:} exp{— (0 — 1) wseet} (79)

where T used Lemma [3] (iii) repeatedly. The Relative Size channel is summarized through
exp{— (0 — 1) ws.£; }. It remains to show that there are no other terms in M B (8;, 5;:) that
depend on &;. It is sufficient to show that

0 o Ajy —E{Ajlsije = zjezje ) E{Ajlsije = 2jt, 26 10 !
/ g(ajt)/ f(6jt)( Jjt { Jt’ Jt Jt Jt}) { Jt| Jt ljt Jt} dejtdajt:().

60—

(fo1 E{Ajlsije = 2jt, it} di) '
Substituting ;; out leads to

oo o0 1 (Ajy —E{Aj¢|sij0 = zjezje D E{Aje|sije = 250, 20107 a
/ g(ajt)/ . ¢(x) J J J Jt=J J J eflj J +802 dacdajt
—o00 — 00 o2 15

)%14—0‘? (fol E{Ajelsije = 20, 20} di) ’

0</ g (ajt)/ é(x) (Ajth {Ajilsije = 2, 251 }° 7" — E{Aje]sie = thth}9> dzdajy
— 00 — 00

o0 o0 [ o2 0-1) [ o2 0

= /700 g (aj¢) /700 ¢ (x) (exp {((9 —1Dws+1)aj;+ (0 — 1) we : J:Uggg + 5 V} — exp {Gwaa]’t + Qwe : +€ng + 2V}> dxdajy
oo oo o2 A\ o2

oc/ioo g (ajt) Lm ¢ () (exp {((0 —Dwa+1)aj+ (0 —1)weqf ﬁx - 2} — exp {Gwaajt + Owe | 1_:031’}> dzdajy

> 0—-1)2%w2 o2 \Y% 0%?w? o2
:/_Oo g (aj¢) <exp {((9 —Dwa +1)aj: + fs 1 +EJ§ o (T eP Owaaj: + 5 £ 1 +EU§ dajy

@ =Dwa+D? 5 (-1 o2V {9%2 2, 0%w? o2 }
_exp{ o, + exp 2 g, B 1+0'§ .

2 @ 2 1+02 2

It remains to show that

2 2
o ! o
2 52—V292w202+92w3 .
1+o02 1402

(0 =1 we+1)?02+(0—1)1°w

7

2 2
e0¢

)



Using Lemma [3| (i), the LHS is equal to

2
(o)
((6% =20 +1) w2 +2(0 — 1) watt) 02 + (8> =20+ 1) w 1+ /+wa+w T
2
:((92—20+2)wg+2(9—1)wa)02+(92—29—1-2)00521_7_52
E

—2<9—1>wa02+(92+2<1‘9))(“’ Ful >

=2(0 — DYwaoy + (67 +2(1 = 0)) (waoy)

=02w,02.
Using Lemma [3] (i), the RHS is equal to

2
= 0 wq0o;,.

2, 9 2 9 2
O w; o O°w: of 9
2 a

Combining both confirms the conjecture. The marginal benefit of information production de-
pends on g; only through the multiplicative effects in , and , such that

a g2 01
sy X SR TSt oy 0 Dwess

Absolute Size Information Sensitivity

B (Bijt, Bjt)

Relative Size

(7i) Follow the same strategy as in (7). Start with the expressions for aggregate investment,

K?,, and productivity A7 in (76]). For R,y = 1, they are equal to

1 _ % 11—
AO‘YK_H = AYY (Oé(SA?Y (/0 E{Ajtysijt = th,th}e dl) ) y

where
1
5

0—0+1
AP o< exp {%at} ) (/ ]E{Ajt]sm thazjt} dz) oc exp {ag} .
- 0

Putting both together yields

o af —0+1 o
AYK+lo<eXp{< 1 —l—l_a)at}.
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Again, using substitution with

It follows that

Ajr = exp{a;} exp {\/ Oiy}
E{Aji|sije = zjrzje} o< exp {as}
which yields

(Aje — E{Ajlsije = 2z D E{Aplsije = 2, 20}

6—1

= x exp {ar)
(fol E {Ajilsije = 2j1, 230} di) '
The change in the trading probability does not depend on a;

oP {dij = 2|ajt, Ejt, ﬂijt»ﬁjt}
OBijt

w Eit WeEjt — Weey 1 Vjt
=0 | =Vol+ o, —— 77— +3
Bijt=Bjt ! ﬁjt 2ﬁjt ﬁjt 2 ﬁjt

Finally,

M B (Biji, Bjt)

af —60+1 o
Bijt=Bjt X €xp

1
-1 +1—a+)at}
O

Proof of Proposition[4 (i) and (ii) follow from Lemma 4| (7). The cutoff can be derived
by taking the derivative with respect to &,

0 5152 (67 !
a_ T a/1 . o\ 9 - ]' se T Wse =
8@( 20+ 09 ( Jw 5t+1 w 6t> 0

15 o
= —1+02—(9—1)w55+rw55—0
— c L 0

= _ (JJS

1+ o2 1—a :

B 1
<— 6:(14—052) (1_a—9)wsa
where w,. = VB

——Yt— . For ¢; < &, information production f; is increasing in ;. For
oo 4B (1+027)
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g > &, information production (; is decreasing in &;. ]
Proof of Proposition[5 Follows from Lemma 4] (ii). ]

Proof of Proposition [6l (i) Using the result from Proposition [4] (77) and the assumption

that 6 > ﬁ, it must be that positive sentiment shocks crowd out information production.

Moreover, as * < 1ii;’ it must be that the pass-through of aggregate sentiment shock
wge is smaller for when the information choice is allowed to adjust compared to the fixed
information level 8*. As a result, sentiment shocks are dampened by information production
in financial markets, as less precise information by itself leads to less investment and the
sentiment shock is less powerful through a decrease in the pass-through.

(7)) lim, o0 \/mgt = 0 guarantees that the pass-through of sentiment shocks goes
faster to zero than the sentiment shock goes to infinity, i.e., the direct effect of sentiment

shocks on investment disappears as shocks become arbitrarily large. Moreover, Lemma [4| (1)

shows that through the information-sensitivity effect lim,, . 5¢(¢;) = 0. O
Proof of Corollary[2 Follows directly from Proposition [6] (ii). O
Proof of Proposition [7. Follows from Proposition [f] and Assumption O

Proof of Proposition [8. Since MB (Bije, Bjt) < ki — ki, whereas MBS (3,) is not a func-
tion of position limits {k g, £}, it must that MB (Bijes Bit) # M B*? (3;) for almost

ijt=05t=Dt
all values of ;. Therefore, the information production in the competitive economy and social

planner allocation do not coincide almost everywhere. O

Proof of Corollary[3 The marginal benefit of information production after applying the

tax/subsidy 7 (ajo, zj0) is

873 {l’ij() = 2}

MB (B0, o) < E {2 IBijo

(T (@50, zj0) I — E{7 (ajo, zjo) j1[ss0 = 2jo, Zjo}>} :

Assume that a tax fulfills the following conditions

T(CL]‘(),Z]‘()) Z (S)l < Hjl Z E{Hj1|8ij0 = Zj(),Zj()} and% Z 0
570

T(CLjo,Zjo) < (Z)l < Hjl < E{Hj1|8ij0 = ZjOasz} and% <0
70

and for all zjo there is at least some ajo for which the inequalities are strict. In the first case,
7 (a0, 2jo) > 1 whenever the trading rents I1;; —E {7 (a0, zjo) ILj1]si0 = 2j0, 2j0 + are positive

and producing additional information leads to an increase of the probability of trading in
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that state. The same reasoning applies for 7 (ajo,2j0) < 1 and losses. This set of taxes
increases M B(f;j0, Bjo). The reverse reasoning applies when 7 (ajo, zj0) > 1 for losses and
7 (ajo, zjo) < 1 for gains, which leads to a decrease in MB (Bijo, Bio)- ]

Proof of Proposition[9. Let the social planner buy d°F € (—1,1) units of shares in all

markets. The market clearing condition for market 5 becomes

2 (1= @ (v/Bio (5 (o) — o) — 20) ) = 1 = ",

dSP

Keeping position limits fixed, the exogenous demand changes the identity of the marginal

trader. If the social planner purchases more assets, the marginal trader becomes more opti-

mistic on average. The threshold signal becomes,

€jo + o1 (_1+gsp)

V/Bio

It follows immediately that asset purchases or sales with d°F = 2® (—g;) — 1 ensure that the

5 (Pjo, d°") = ajo +

marginal trader holds unbiased beliefs,

5 (P, dSP) = ajo + 2220
VBio
As a result, the asset purchases/sells force the trader to correct also the private signal for
the sentiment shock. It follows that prices are unbiased and aggregate investment is at the
level in absence of the sentiment shock.

Traders expect to buy in equilibrium whenever s;;; > s (Pjo, dsr ) Asset purchases/sells
reverting the threshold for the private signal towards its level in absence of the aggregate
sentiment shock ¢y = 0, effectively undoing any change to the incentive to produce informa-
tion, because the trader thinks that she is unaffected by the sentiment shock and markets

became unaffected by the sentiment shock. O

Proof of Proposition [10. (i) Denote kj 1 = In Kj;y1. Using allows to write the the

variance of the log of firm capital stocks as

Var (kjiy1) = 0°Var <lnIE {Ajilsije = zjt, zjt}>

O'2 0'2
— 02 (2% 2% |
<wa 2 +w€ 2

As w? is monotonically increasing in 3; and w? is hump-shaped in 3;, it follows that there
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exists some threshold 0 < M < oo such that

0_2 < M . 3Va7’ (kjt-i-l)

: > 0.
) OB

This assumption is in accordance with Assumption

(ii) Denote Ayjti1 = yji41 — yje- Then

1
AkjtJrl = AQ h’lE {Ajt|51]t = th, th} =+ Ahl/ E {A]t‘smt = th, th} d] + AKt+1.
0

Deriving the variance of Akj, 1, across firms yields

2 2
Var (Akji) = 26° (wg% + wg%)

as aj; and ¢j; are both 4id. It follows that for the same threshold 0 < M < oo as in (i)

0_2 < M . aVaT (Akjt+1)

: > 0.
: OB

]

Proof of Corollary[{ The derivation is analogous to Lemma [4] (i). The reduction in
information-sensitivity of the trading decision dominates a possible increase in investment if

the sectoral elasticity of substitution 6, is large enough as in Proposition [4] O]

Proof of Corollary[5 Assume first that aggregate investment is fixed (§ — oo). Then, a
positive shock in sector / country n leads to an increase in investment in sector / country
n analogously to equation Because the aggregate level of investment is fixed, it must be
that investment in other sectors / countries decreases, which decreases the incentive for infor-
mation production similarly to the absolute scale channel in Lemma[dl However, if aggregate
investment is variable, then an expansion of one sector / countries shrinks investment in other
sectors / countries if their respective goods are sufficiently close substitutes (6 — oo). In this
case, the initial increase in the shocked sector pushes down the marginal product of capital
for all sectors, which discourages investment in non-shocked sectors / countries. Similarly,
this decrease in investment lowers information production and increases capital misallocation

inside other sectors. O

Proof of Proposition |11 The social planner’s allocation is given by equalizing the marginal

products of capital for each firm given the market signals {z;;}. The maximization problem
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of the social planner for firm capital allocation is therefore

ab
1 o1 -1
max {( Y d]) |th} — RY"Kj,

for some interest rate RYT. The resulting first-order condition for firm capital is
0
sp spy—1
Kj = ((Rl ) aYE {Aj0|zj0}> :

Integrating on both sides yields

S

1 7
RYY = Y™ (/ E {Ajo]2j0}’ dj) (K77)
0

Substituting R{” out of K3 yields . Following the same steps as in the proof for
Proposition [3] leads to

1 -1
VPP = ASPK®,  where AJF— (/ E{Aj|zjo}’ dj> :
0

Substituting Y;°F out of the expression for RYY then leads to (68)). trader consumption
follows as in [69] using RY? instead of R;.;. Finally, taking KoF as given and plugging in
Y3 in (SP1), follows after taking the derivative with respect to ;. n

Proof of Proposition[12. Show that the decentralized allocations coincide with the social
planner’s allocations. The proof follows the same steps as the derivation of the equilibrium
in the main section. Households receive from firm j the dividend

- E {Ajolzjo} o1

H‘lzTBias(z'o)Hq: _ OéYlaYA'oKle
! T E{Ajolsio = zjo, zjo} Y

and expected dividends become
L (a N 0-1
E {Hjlfsijo = Zjo, Zjo} = aY"E {4jo|zj0} KﬂG :

The price is using Pjp = K

1 (- 1 ’
Pjy = —=-E {Hjﬂsijo = Zjo, Zj[)} = | 5 oY E{Ajolzj0} | -
R1 Rl
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This allows to adjust the expression for expected dividends,

o 1\ .
E {Hj1|3ij0 = Zjoyzjo} = <_R ) (aYE {Aj0|2j0})97
1

which is then used in the expression for the interest rate R;
R e .
L E {Hﬂlsijo = Zjo, Zjo} dj
1 ;
fo Pjodj

1 0—1 1 ‘
= (R_> (OéYfXY)G/ E {Ajo|zjo}’ &jiK;"
1 0

Rlz

1 7
Rl — Oé}/lay </ E{A]0|ZJO}9 d]) Kl
0

S

Using this result again in the expression for the price yields

e E{Ap|zo}’ _ sP
i = 1=Ky

Jy E{Ajlzj0}’ dj

As in the main text, the entrepreneur chooses \;; = 9771. Plugging this into the expression

for the interest rate R; and substituting Y, leads to

1 s
Rl = (/ E {Ajo‘Z]‘Q}a d]) Kla_l = RfP
0

This result also leads directly to KPF = K7, Finally, the first-order condition for informa-

tion production of trader ij is

OIAP" OIA (Bijo) _ MB (Bijo, Bjo) 1A (Bijo)
MB (5;; ) = — pInfo ” ) vyl _ 20y M3 ij
(Bijo: Byo) dBijo 7 B, Bio) dBijo om IBijo
6bo Bo=Bijo
oYy _ 01 A (Bijo)
650 Bo=PBijo aﬁij()
which is the same first-order condition as in and therefore 3P¥ = 357, ]

Proof of Corollary[6l (i) First, denote wy. = % as the weight on the correlated

noise in the private signal. The transaction tax/subsidy 777%(gq) = exp {—ws.g0} leads

TransP

to traders paying Pjo but only 7 o s collected by the entrepreneur. The transaction

tax/subsidy is aimed to stabilize aggregate asset prices with respect to aggregate sentiment
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shocks. It is a tax when traders are exuberant and a subsidy when they are depressed. The
proof follows the same steps as for Proposition [12| with the difference that K = 777 P,

and therefore firm capital is

1 a7 ’
Kj = (EC“Yl YEA{ Ajolsijo = zjo, ZjO}TTmns(gO>>

Following the same steps as before, the interest rate is

L :
R, = aYlo‘Y (/ E {Aj0|3ij0 = Zj0, Zjo}g dj) TTmns(EO)Kl
0

=

1

Since (fol E {Aj0|sij0 = 2jo, zjo}g dj) " x exp {wse€0 }, it follows that the transaction tax /subsidy
rIrans(gq) = exp {—w..c0} keeps the interest rate R; from moving with the aggregate sen-
timent shock e¢; and stabilizes, therefore, aggregate investment with respect to sentiment
shocks.

(#) Similarly, allow now the transaction tax to vary with the share price,

E{Alz;
Trans (P_]O) - — { J0| JO} .
E {Ajolsijo = zjo, 2jo}

T

Same as before, the traders pays Pjo but only 777" (P;o) Pjg is collected by the entrepreneur.

Firm-capital is then equal to

. ’
Kj = (EQYI “E {Ajolsijo = 2jo, zjo} 17" (PJ'O))

1 0
= (R—CVYfXY]E {Aj012j0}>
1

It remains to show that also the interest rate Ry, coincides with R?F. The aggregate market

values of the stock market and capital stock are given by
1 , 1 0
Kl = / E{Aj0|zj0} dj —Oé}/lay
0 Ry

1 . 1 L 1 . 0
By = / Pjodj = / E {Ajo|sijo = zjo, zjo} E {Ajo| 20} " dj (ﬁa)/l Y)
0 0 1

Jo E{Ajolsio = 70, zio} E{Ayo|z0)" " dj
fol E {Aj0|zj0}9 dj
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This allows to write the interest rate and substitute P,

1 7]
Ry = oY} (/ E {Ajo|sijo = zjo. zjo} E{Ajo|zj0}" " dj) F,
0

=

S

1 3
= aYr </ E{Aj0|zjo}0dj> K[ °.
0

It follows the transaction tax 7779 (Pjy) corrects for the mispricing between firms and sta-

bilizes aggregate investment with respect to the sentiment shock. O]
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