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Abstract

We develop a model in which investors trade a long-lived asset whose dividend is contingent on a
firm’s production and show that a more efficient real economy can lead to a less efficient financial
market. With a higher real production efficiency, measured by a larger output elasticity of capital,
the sensitivity of the firm’s income to its capital input decision increases. Investors who are uncertain
about the firm’s future decision thus perceive a higher risk of the asset’s resale price and trade less
aggressively. Consequently, the asset’s price informativeness, trading volume, liquidity, and the
investors’ information extraction (the asset’s risk premium, return volatility, and the investors’
information production) decrease (increase). We also identify a new channel through which firms’
information disclosure lowers financial price informativeness. Suggestive evidence of the negative
relationship between production efficiency and market efficiency is provided.
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1. Introduction

Financial market efficiency and real efficiency are closely related. For example, a more efficient
financial market can provide more precise information to firm managers, facilitating better real
investment decisions (see, e.g., [Benhabib et al.| (2019)). However, these two kinds of efficiency are

not always aligned. |Goldstein and Yang| (2014) find that because of the existence of externality,

*This version: May 28, 2024.
*Corresponding author
Email address: minxing.zhu@connect.um.edu.mo (Minxing Zhu)



a more informative asset price renders real decision makers to overuse the information contained
in the price, resulting in a lower real investment efficiency. From the perspective of competition,
Peress| (2010) shows that a higher real efficiency, indicated by a more competitive product market,
decreases financial price informativeness because it mitigates firms’ ability to transfer adverse shocks
to customers, increasing the risks of the firms’ securities and depressing informed trading.

In this paper, we investigate the misalignment between real efficiency and financial market
efficiency from the perspective of production. We examine whether a more efficient production
technology, indicated by a higher output elasticity of capital, increases or decreases financial price
informativeness. The output elasticity of capital can be considered as a measure for production
efficiency in the following sense. First, by definition, a higher output elasticity of capital improves
the percentage increase in output caused by one percentage increase in capital input. Second, with
a given amount of capital input, a higher output elasticity of capital increases the amount of output
(i.e., expands the production possibility frontier). Third, as will be shown in our results, a higher
output elasticity of capital corresponds to a higher profit for a firm.

We extend the overlapping-generation financial market framework in |Farboodi and Veldkamp
(2020) to a setting in which a firm produces and sells a real product. Capital is used as the
factor of production. The firm faces both productivity shocks and demand shocks in the process
of producing and selling. In each period, the firm discloses a noisy signal about its productivity
to a financial market. In the financial market, investors trade a long-lived risky asset that pays a
dividend contingent on the firm’s operation in each period. Each investor is endowed with a limited
data processing technology that can be allocated to acquire private information about the firm’s
product demand and/or noise traders’ order flow.

Our analysis starts from a benchmark case in which investors’ information acquisition decisions
are exogenous, and the output elasticity of capital and public signal precision can vary over time.
We analytically show that the investors’ perceived asset payoff risk in a period is not affected by the
current period’s output elasticity of capital, but is increasing in the next period’s output elasticity
of capital. The mechanism is that the firm makes its capital input decision based on the public
signal about its productivity and on the asset price, and the investors can also observe these two
pieces of information. Therefore, the investors perfectly foresee the firm’s decision in the current
period. Consequently, although a higher output elasticity of capital in the current period increases

the sensitivity of output to capital input, it does not increase the uncertainty faced by the investors.



In contrast, investors in the current period are less certain about the next period’s capital input
decision, because they cannot observe the information used by the firm in the next period. Since a
higher output elasticity of capital in the next period increases the sensitivity of the next period’s
output to capital input, the next period’s asset price will also be more sensitive to the next period’s
capital input which cannot be precisely predicted by the investors in the current period. Therefore,
the current period’s investors’ perceived variance of the asset’s resale price is increasing in the
output elasticity of capital in the next period. In other words, a future advance in production
efficiency increases the risk faced by the current investors. Moreover, the higher risk caused by a
larger output elasticity of capital in the next period lowers the current period’s investors’ confidence
in their prediction about the asset payoff. Therefore, they trade less aggressively, and less private
information about the firm’s product demand is injected into the price. This result indicates a
negative relationship between real efficiency and financial market efficiency.

We also investigate the impacts of public information disclosure on financial price informative-
ness in the analytical benchmark model. We find that an increase in the current period’s public
disclosure increases price informativeness, while an increase in the next period’s public disclosure
decreases price informativeness. In the current period, if the firm discloses more information about
its productivity, investors can better forecast the firm’s value and the dividend, lowering their per-
ceived dividend risk. Therefore, the investors will be more confident in their predictions about the
asset payoff and trade more actively, injecting more information into the asset price. However, if
the next period’s public information disclosure increases, the investors in the next period will rely
more on the public information, and the asset price in the next period will also be more sensitive
to the public information. Since the investors in the current period do not know the realization of
public information in the next period, the increase in the sensitivity of the next period’s asset price
to public information can increase the investors’ perceived resale price risk and make the investors
trade less actively. Therefore, an increase in future public disclosure may decrease current price
informativeness.

Our results of the benchmark model suggest that an overall increase in the output elasticity
of capital (i.e., the output elasticity of capital increases in every period) decreases financial price
informativeness, and an overall increase in public disclosure can also decrease financial price infor-
mativeness. We investigate the effects of overall changes in output elasticity of capital and public

disclosure using the full model in which investors’ information acquisition decisions are endogenous.



Specifically, an investor optimally allocates her data processing capacity to information production
(i.e., learning about real product demand) and information extraction (i.e., learning about noise
traders’ order flow). Moreover, we focus on stationary solutions in which the output elasticity of
capital, public signal precision, and endogenous price coefficients are constant over time.

The solutions to our full model show that the financial price informativeness (investors’ perceived
asset payoff risk) is decreasing (increasing) in the output elasticity of capital, which is consistent
with the analytical results in the benchmark model. Correspondingly, we find that information
production (i.e., learning about real product demand) is increasing in output elasticity, and infor-
mation extraction (i.e., learning about noise traders’ order flow) is decreasing in output elasticity.
We call investors’ learning about noise traders’ order flow “information extraction” because, with
more information on the order flow, the investors can better filter out the noise contained in the
price signal, and extract more information about the product demand from the asset price. When
the asset price informativeness decreases because of an increase in the output elasticity of capital,
the asset payoff risk perceived by the informed investors tends to increase because they learn less
information about the real product demand from the asset price. Therefore, the investors optimally
increase their private learning about the real product demand and decrease their learning about
the noise traders’ order flow since the data capacity is limited. Our full model also shows that
the financial price informativeness is decreasing in public information disclosure, which is consis-
tent with the analytical results in the benchmark model. Correspondingly, information production
(information extraction) is increasing (decreasing) in public disclosure.

We also investigate the implications of the output elasticity of capital for cross-sectional asset
pricing. Since a higher output elasticity of capital increases the sensitivity of the firm’s income
to the capital investment decision, it also increases the risky asset’s return volatility. The risk
premium is also increasing in the output elasticity of capital because a higher output elasticity of
capital brings more risk to the risk-averse investors. Notably, the return volatility increases faster
with the output elasticity of capital than the risk premium does, so the Sharpe ratio decreases
with the output elasticity of capital. Moreover, we find that the asset’s liquidity is decreasing in
the output elasticity of capital. The reason is that when the output elasticity increases, informed
investors’ perceived payoff risk also increases, and their trading becomes less active. Therefore, less
liquidity demand from the noise traders can be absorbed by the informed investors. As a result,

the impact of noise traders’ liquidity demand on the asset price becomes larger, and the liquidity



decreases.
Related literature. Our paper belongs to the literature on financial price informativeness and in-

vestors’ information acquisition decisions. Asset prices aggregate and reveal dispersed information

(Hayek! (1945); |Grossman and Stiglitz| (1980)); Hellwig| (1980)), and price informativeness measures

the ability of an asset’s price to aggregate and reveal information. [Han and Yang] (2013) find that

the development of social networks can harm price informativeness when information is endogenous.

Dévila and Parlatore (2021)) find that the effect of transaction costs on price informativeness de-

pends on the source of informational heterogeneity of investors. Among the papers in this strand of

literature, ours is closely related to those that develop dynamic noisy rational expectations equilib-

rium models. Brunnermeier et al| (2022) argue that government intervention can divert investors’

attention away from fundamentals and reduce price informativeness. |Goldstein and Yang| (2022)

show that commodity futures’ price informativeness is increasing in the mass of speculators and is
decreasing in the mass of hedgers. (2019)) shows that more uncertainty can reduce investors’

incentive to acquire information because it makes future investors trade less aggressively and lowers

the sensitivity of asset price to information. [Farboodi and Veldkamp| (2020) show that as finan-

cial data technology advances, investors’ learning about the fundamentals first increases and then
decreases.
This paper also contributes to the literature on the relationship between real efficiency and

financial market efficiency. It is natural to think that real efficiency and financial market efficiency

are positively related. Benhabib et al| (2019) show that a higher financial price informativeness

increases firms’ expected profits. However, extant literature has shown that a higher financial price

informativeness does not necessarily lead to a higher real efficiency (see, e.g., Dow and Gorton|
(1997)), |Goldstein and Yang) (2014)), and Bond et al.| (2012)). There are also papers showing that a
higher real efficiency can reduce financial market efficiency. For example, (2010) finds that a

more competitive product market (which indicates a higher real efficiency) decreases firms’ ability
to hedge against productivity shocks, increasing the firms’ risks, reducing informed trading, and
finally lowering financial price informativeness. We complement this strand of literature by showing
that a more efficient production technology decreases financial market efficiency.

Our paper is also related to the literature on the negative impacts of public information disclo-

sure. (Goldstein and Yang| (2019)) show that when a firm discloses information that the real decision

maker knows little about to the financial market, price informativeness may decrease.




(2017) shows that when information production is endogenous, public disclosure can crowd

out information production and reduce price informativeness. [Amador and Weill (2010) demon-

strate that releasing information about productivity may reduce the informativeness of the real price

system. (2013) and |Christensen and Qin| (2014)) show that public information disclosure can

be welfare-decreasing when investors have heterogeneous prior beliefs. Our paper complements this
strand of literature by revealing another channel through which public information disclosure can
harm financial market efficiency. Our result that price informativeness is decreasing in disclosure

does not rely on the assumptions that private information acquisition is endogenous as in

(2017)) or that the firm discloses something they know little about as in |Goldstein and
(2019).

Our paper is organized as follows. Section [2] presents the dynamic model. Section [3| analyzes a
benchmark case in which information is exogenous. Section[danalyzes the full model in which infor-
mation production and information extraction are endogenous. Section [5| provides some empirical

evidence for our theoretical results. Section |6 concludes.

2. The model

In this section, we develop an overlapping-generation model of financial market with a firm

in the real economy, by extending the dynamic framework in [Farboodi and Veldkamp| (2020) to

a setting with a production function which is similar to that in [Benhabib et al.| (2019). We also

provide a sketch of the approach to solving the model.

2.1. Model setup

In our model, a firm produces and sells a real product in each period. At the beginning of
a period, a continuum of investors is born. They trade a risky financial asset whose dividend is
contingent on the firm’s income. At the end of the period, they receive the dividend payoff from
the financial asset, resell their asset holdings to the next generation of investors, and consume their

wealth.

2.1.1. Firm in the real economy
At the beginning of each period ¢, a firm decides how much capital it will invest to produce its

products. The production will be finished and the products will be sold at the end of the period.



The production function of the firm is
Yigr = ZAr K", (1)

where Y11 is the output (i.e., the quantity of the product) of the firm at the end of period ¢,
constant Z represents the common productivity, A, is the firm’s specific productivity shock that
realizes at the end of period t, K; is the firm’s capital input at the beginning of period ¢, and
Ny = % is the output elasticity of capital in period ¢. The entire sequence of the output

elasticities {n;}52, is common knowledge.

The market demand for the firm’s product is

1\
Yii1 = (Pt—H) €4+1Y, (2)

where P,y is the price of the firm’s product sold at the end of period ¢, €;11 is the idiosyncratic

shock to the demand for the firm’s product at the end of period ¢, Y is a constant representing
aggregate output, and 6 = —22117%‘:1 is the absolute value of the price elasticity of demand for

the product.

2.1.2. Financial market and investors
A risky financial asset whose dividend is contingent on the firm’s income is traded in the financial

market. At the end of period ¢, each unit of the asset pays a dividend d;41 that follows
dt+1 — dt = (1 — G) (u - dt) + AUVt 41, (3)

where p > 0, @« > 0, and G € [0,1) are constants. The shock to the dividend growth, v;41 =
In(P;41Y:41), is set as an increasing function of the firm’s income at the end of period ¢. There is

also a risk-free asset with a deterministic gross rate of return Ry > 1.

Remark 1 (Dividend process). Our assumption on the dividend is for tractabilityﬂ It can be
considered as an extension of the dividend process in |[Farboodi and Veldkamp| (2020) to a setting

with endogenous “dividend innovation”. Moreover, this assumption does not conflict with reality,

LAd hoc assumptions for tractability are usually inevitable in theoretical models. For example, in investment-
based asset pricing models (see, e.g., |Li et al.| (2009)), while the dividend process is fully endogenized, the financial
market is simply captured by an exogenously given stochastic discount factor process. In contrast, in our model (as

well as in most of the REE financial market models), the investors’ decisions and the asset price are fully endogenized.



as it at least captures the fact that companies tend to increase their dividend payouts if their
incomes become higher. When G > 0 and p > 0, our assumption on the dividend also captures the
“dividend smoothing” phenomenon observed in data (see, e.g., |Leary and Michaely| (2011)). Our

qualitative results are unaffected if we set G = p = 0.

At the beginning of period ¢, a measure-one continuum of investors is born. Each investor
i € [0,1] is endowed with initial wealth W, and decides how much of this endowment will be
invested in the risky financial asset and how much will be invested in the risk-free asset. At the
end of the period t, the investor receives payoff from the assets and then sells all her holdings to
the next generation of investors. Then she consumes all her resources. The budget constraint for
investor ¢ is

Cit+1 = (Wis — miqe) Ry + mip(dis1 + gegr), (4)

where ¢; 111 is the investor’s consumption in period ¢ 4 1, m; ¢ is the investor’s risky asset holding

in period ¢, and ¢ is the price of this financial asset at the beginning of period ¢.

2.1.83. Uncertainties and information

Assume that the firm-specific productivity shocks are log-normally distributed,

1
ag41 = lnAtJrl ~ N (—T_l,’ra_l) .

At the beginning of period ¢, the firm receives a noisy signal about the current period’s productivity
shock, s; = ary1 + e, where e; ~ N(0, T;tl). The firm will disclose s; immediately to the financial
market after receiving it. We also assume that the entire sequence of public signal precision {7, ; }$2
is common knowledge.

Assume that the real demand shocks are also log-normally distributed,

1
Eey1 =1nepg ~ N <—27’€_1,TE_1> .

Investor ¢ can observe a signal about the real demand shock, z¢ = g;41+ Q%, where Q¢ ~ N (0, Taji’lt).
Noise traders also participate in financial trading, and their financial demand in period ¢ is 141 ~
N(0,7,7!). Informed investor i can also observe a signal about the noise traders’ order flow,
gi = nyp1 + Qb 4, where Qf ; ~ N(O,Tg;}t). We assume that ({a;}, {e¢}, {ne}, {e}, {Qi}, { Q01 })
are mutually independent. Define I, = I;_1 U {ds,er,a,ne}, Fix = I;7 U {q, 81,28, gi}, and

Iy = Uigo,1)Fi,¢- Intuitively, I, is all information available before the beginning of period ¢, Fj,



is investor ¢’s information set when making investment decision in period ¢, and I; contains all

information in the financial market when investors are trading in period t¢.

2.2. Financial market equilibrium

Now we consider the equilibrium with exogenous information. This equilibrium consists of a
real market equilibrium in which the firm maximizes its expected profit and the product market
clears, and a financial market equilibrium in which investors maximize their expected utility and

the financial market clears.

2.2.1. Firm’s problem

The problem faced by the firm in period t is to maximize its expected profit in the current

period conditional on information about its productivity shock and real demand shock,
H}?XE [Pt+1Y;:+1 - RfKt|5t7 Qt] s (5)
t

subject to the production function and real demand function . The financial asset price is a
source of information for the firm because it aggregates investors’ dispersed information about the

product demand.

2.2.2. Investors’ portfolio selection

Investor i’s portfolio choice problem in period ¢ is to maximize the expected utility of end-of-
period consumption conditional on the information set F; .,

maXE [U(Ci,t+1)|Fi,t] s (6)

™mi,t

subject to the budget constraint ‘ We assume that investors have constant absolute risk aversion

(CARA) utility , i.e., U(c) = —e~7¢, where + is the risk aversion coefficient.

2.2.3. Definition of the financial market equilibrium

Definition 1 (Financial market equilibrium). A financial market equilibrium is a sequence of
financial prices {q.}, investors’ portfolio choices {m; .}, the firm’s investment decision {K;}, and
the real product prices {P;}, such that in each period t,

(i) investors and the firm use Bayes’ law to update their beliefs with their available information;

(i) each investor i chooses the risky asset holding m; to solve for problem @, taking financial



price gz and choices of other investors as given, subject to budget constraint ,'

(i4i) the financial asset price q; clears the financial market, i.e.,

1
/ mi,tdi + Ng41 = ].; (7)
0

(iv) the firm’s investment decision K solves the expected profit mazimization problem ;
(v) the real product price P; clears the real market by equating the production function and the
real demand function .

Although the equilibrium includes both the real product price and the financial asset price,
our main focus is the financial asset price. Therefore, we call this equilibrium with exogenous

information as the “financial market equilibrium”.

2.3. Solving the model

We briefly discuss our approach to solving the model in this subsection. Our approach generalizes
the approach in [Farboodi and Veldkamp) (2020) and involves four steps. In the first step, we clear
the real product market and solve for the firm’s value and the financial asset’s dividend shock. In
the second step, we solve for the firm’s investment decision. In the third step, we solve for the
investors’ portfolio choices. In the fourth step, we clear the financial market. See Appendix [A] for

a detailed approach to solving for the equilibrium.

2.8.1. Dividend
From the real production function (L) and the real demand function (2), we can solve for the
logarithm of the real product’s price at the end of period t,

1
Dig1 = _g(at+1 + ik — e +Z2 - 7), (8)

where Z =InZ, y = InY, and k; = In K;. Moreover, the stochastic part of the dividend (or the

logarithm of the firm’s income) at the end of period ¢ is

i (=D (1= ke L (1-2) 2 )
'Ut+1—05t+1 0 at41 T Mt i t 0y 9 Z.

2.3.2. Firm’s investment decision

Solving for firm’s investment problem , we can derive that the firm’s investment decision at

the beginning of period t is

1\© 1 —l-ll@t 11 e,
Kt = K(St>qt) = <Rf) |:7]t (1 — 9) Y@Z 9:| (E |:At+19€t0+1|3taqt:|) 3 (10)



1

where O, = —————
CT -

. Conjecture that the financial price at period t is

gt = Pot + Pr,e(ee41 + Bose + B3 aner1) + Bar(de — 1), (11)

where 8;;, 1 =0,1,2,3,4 are deterministic coeflicients. The price signal observed by the firm is

. — 50,t - Bl,t/BQ,tSt - ﬁ4,t(dt - M)
= Brs

= €441 + B3,4Me41, (12)

where the signal precision is 75, = (Var[gi|er1]) ™ = Bngn Using the Bayes’ law, we can express
the logarithm of the firm’s optimal investment decision k; = In K; as a linear combination of the

productivity signal s, the price signal ¢;, and a non-random process ¢;.

2.8.8. Investors’ portfolio choices

Solving for the portfolio choice problem for investor i @7 we have the optimal holding of risky

asset in period ¢ as
_ Eldi1 + qea|Fiel — Ry

me s — 13
YT War [diy + g [Fl 13)

The investors’ perceived payoff variance can be expressed as
Var[diy1 + 1| Fie) = (14 2Ba,41)Var [deg1|[Fig] + Var (g | Fie] - (14)

Equation shows that the investors care about not only the risk of the dividend they receive
from the asset, but also the risk of the asset price when they resell their holdings to investors of
the next generation. This is an important difference of our dynamic model from static models in
which investors only care about firms’ liquidation values.

From the financial price formula (L1) we can derive that the price signal for investor ¢ is

i = qt — Bo,t — B1,tB2.45¢ — Braf3, Enig1|Fi] — Bay(dy — p)
i =
Bt (15)

= ei41 + Ba(nep1 — Elnes1|gi)),

where the signal precision is 74+ = (3 2(Tn + T4it). Notice that the signal about the noise traders’
order flow is used to filter out the noise in the price signal. With the price signal ¢¢, the productivity
signal s;, the signal about real demand shock xi, and the signal about noise traders’ order flow g,

we can calculate the conditional expectation and conditional variance in .

11



2.8.4. Clearing the financial market

Since all informed investors are ex ante identical, we focus on the symmetric equilibrium where
for all 4 € [0,1], Tyit = Tut, Tgit = Tgt, and 7g;4 = T4. Therefore, all investors’ perceived payoff
variance in period ¢ are the same. Denote Var [di11 + qi+1|Fit] by V. Substituting the investors’
optimal risky asset holdings into the market clearing condition , and rearranging terms, we

can express the asset price as
1
G = R;l [/ E[dtJrl + C]t+1|Fz‘,t]di + ’yVFt(ntH — 1) . (16)
0

Further calculations show that the right-hand side of Eq. is linear in the product demand
shock €441, the public signal s;, the noise traders’ order flow n;y1, and the dividend d;. Comparing
the implied price function and the conjectured price function , we can derive a system
of difference equations that characterizes the equilibrium, given signal precisions 7,; and 74. We

summarize the above discussion in Proposition

Proposition 1 (Equilibrium asset price). The equilibrium financial asset price can be expressed as

gt = Bost + Pre(er1 + Poese + Bagnerr) + Bae(de — ). (17)

The financial price coefficients must satisfy the following system of difference equations,

o 1 Tot + Tt 1 @t> T4t ]
=—(1+ et L Nl (b ) P/ (e :
Pue Rf( Bas) [(0) Te 4 Tut + Tgt ( 0) e ( 0 ) 7+

Bo,t = i(1 + Bats1) {G)t (1 - ;) Tt } ,

Ry Bt Ta + Tst (18)
/33 B 1 |:’VVFt9(TE + Tot + th)(Tn + Tgt):|
b
a(l+ Bas1) | (Tt + 7gt) (T + Tgt) — TqtTn
G
= —(1
Bat Rf( + Bat1),
where 9 2
1 1 1 1
Ve = (1+ ) et )
Ft ( B4,t+1) o l(a) T5+T:Ct+7-qt ( 0) Ta+7's,t (19)

1 1 1 1
+ 67 [+,82 (+ )+62 }
Ll | 2041\ — B+l
is the variance of the asset payoff Var[diy1 + q1|Fit]. The equation for B4y has a stationary
solution,

G

Ba = Pa= R —G vt. (20)

The expression for [+ is provided in Appendiz @
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Proof. See Appendix [A] O

3. Analysis of the financial market equilibrium

In this section, we analyze the financial market equilibrium with exogenous information preci-
sion. Specifically, we investigate the impacts of output elasticity of capital and public information
disclosure on financial price informativeness. For simplicity and clarity we assume that there is no
information extraction, i.e., 75 = 0, Vt. We will allow for information extraction in Section E} For

this section we also assume that information production is constant over time, i.e., 7,4 = 7, V.

Corollary 1 (Characterization of the financial market equilibrium). Assume that 75, = 0 and

Tot = Tz, V. The equilibrium price informativeness 1/8s,, is determined by the following equation,

3 2
1 'YaRf 1 Tn
- LT I Zir
(63,1&) Ry -G < 9) To + Tot +VLeTh | +
1 R 1 1 2 + ] (21)
yaltvy Te + Ty T
R T Lo T p N
<537t) Rf—G<92+< 9> Ta+7'st>+7 t(Te + 72) J
where
Rf - G 1 1 1 1
%= TRfBitH |:7—5 + 8211 (Ta + Ts,tJrl) + B3 141 =l (22)
Proof. See Appendix [B] .

As is standard in the noisy rational expectations equilibrium literature (see, e.g., [Farboodi and
Veldkamp| (2020))), we define the financial price informativeness in period t as the asset price’s signal-
to-noise ratio 1/83; = B1,1/(1,0s,). Notice that the precision 75, = ﬂ;tzrn of the price signal
G+ defined in is increasing in the price informativeness. Therefore, the price informativeness
measures how efficiently the financial asset price aggregates investors’ private information.

Corollary [1] shows that the equilibrium financial price informativeness in period ¢ is determined
by both the current period’s public disclosure 75 and the next period’s price coefficients 31 41,
B2,t+1, B3,4+1, and public disclosure 7, ;1. Note that all the variables of period ¢ +1 affect the price
informativeness of period ¢ through Z;. Based on Proposition [l and Corollary [I| we can investigate
the impacts of output elasticity of capital and public disclosure on the equilibrium financial price

informativeness.

13



8.1. Output elasticity of capital and price informativeness

Proposition 2 (Effects of output elasticity on financial price informativeness). The current period’s

equilibrium price informativeness, ﬁ, is (i) not affected by the current period’s output elasticity of

capital n, and (i) decreasing in the next period’s output elasticity of capital ni41, i.e., %ﬂﬁf’t) =0
and 8(8145331” <0
Proof. See Appendix [B] O

Proposition [2| shows that an increase in the current period’s output elasticity of capital does
not affect the current period’s financial price informativeness. However, an increase in the next
period’s output elasticity of capital lowers the current period’s financial price informativeness. To
understand the results, we delve deeper into how the output elasticity of capital affects the investors’

perceived asset payoff risk.

Proposition 3 (Effects of output elasticity on investors’ perceived variances). (i) An increase
in the current period’s output elasticity of capital ny does not affect investors’ perceived dividend
variance Var|dyy1|Fit], future price variance Var(gi+1|Fit], and payoff variance Var[diy1+qi41|Fit].
(ii) The investors’ perceived dividend variance Var|dii1|Fyt], future price variance Var|giy1|Fit),
and payoff variance Varldi11 + qiy1|Fit] in the current period are increasing in the next period’s

output elasticity of capital np41.
Proof. See Appendix [B] O

Proposition 3| shows that an increase in the current period’s output elasticity of capital does
not affect investors’ perceived payoff variance in the current period, while an increase in the next
period’s output elasticity of capital increases investors’ perceived payoff variance in the current
period. To explain the intuition of Proposition notice that Eq. @D shows that the output
elasticity of capital is positively related to the sensitivity of the firm’s income to the capital input.
The firm’s capital investment decision in period ¢, k;, is made based on the public signal s; and the
financial price g;. Since the investors can also observe the public signal s; and the financial price
q:, they know exactly the realization of the current period’s capital investment k;. Therefore, an
increase in the current period’s output elasticity of capital 7; does not affect investors’ perceived
risk of the firm’s income, Var[viy1|Fit], and investors’ perceived risk of the dividend, Var[d;q1|Fi].

Notice that the current period’s output elasticity of capital n; does not affect the next period’s
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equilibrium price coefficients. As a result, investors’ perceived future price variance, Var|g+1|Fit],
and investors’ perceived payoff variance, Var[diy1 + q:41]Fit], are also not affected by the current
period’s output elasticity of capital 7;.

In contrast, since the investors born at the beginning of period ¢ cannot observe the next period’s
public signal s;41 and financial price g;11, they are uncertain about the firm’s capital investment
kiy1 in the next period. An increase in the next period’s output elasticity of capital 741 also
amplifies the impact of the uncertain capital investment k;1; on the firm’s future income vy o and
dividend d; ; 42, which increases the next period’s dividend variance Var[d;42|Fi:] and financial price
variance Var[g:11|Fit] perceived by the investors of period ¢. The increase in the investors’ perceived
future price variance Var|[qi+1|Fit] also leads to a higher payoff variance Var[di+1 + qi41|Fit]-

Now we can explain the intuition of Proposition [2] Since an increase in the next period’s output
elasticity 7;41 increases investors’ perceived payoff variance Var[diy1 + q+1|Fit], the risk-averse
informed investors trade less aggressively with lower confidence in their prediction on the asset
payoff. Therefore, less private information is injected into the current period’s asset price, and the
current period’s financial price informativeness 1/8s 11 decreases. In contrast, an increase in the
current period’s output elasticity 7; does not change the informed investors’ perceived payoff risk,
and therefore the investor’s trading behavior is not affected. As a result, the amount of information

injected into the price is also not affected.

8.2. Public disclosure and financial price informativeness

Proposition 4 (Effects of public information disclosure on financial price informativeness). The

current period’s equilibrium price informativeness, 1/Bs¢, is increasing in the current period’s dis-
9(1/Bat)

closure Tg, i.e., o, > 0. Moreover, the sensitivities of the next period’s asset price to the
next period’s shocks are increasing in the next period’s disclosure Tg;q1, t.e., ?)’fli’zill > 0 and
9(B1,t+1B2,t+1) '

B b 0.

Proof. See Appendix [B] O

Proposition |4 shows that the current period’s financial price informativeness 1/8s; is increasing
in the current period’s public signal precision 75. The reason is that, when more information
about the current period’s productivity a;4; is disclosed to the investors, their perceived dividend

variance Var[dy1|Fi:] and payoff variance Var[diy1 + qi41]Fit] decrease. Therefore, the investors
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trade more aggressively and inject more information about the current period’s demand shock €441
into the asset price, increasing the financial price informativeness.

Proposition [4 also shows that, the sensitivity of the next period’s asset price to the next period’s
real demand shock, 9¢g;41/0¢¢12 = B1,4+1, and the sensitivity of the next period’s asset price to the
next period’s public information, dqi11/0si+1 = (114102441, are increasing in the next period’s
public signal precision 75 +41. In period ¢+ 1, if the public signal precision 7, 111 increases, investors
will rely more on the public signal s;y1, and the asset price will also be more sensitive to the
public signal. Moreover, since an increase in 75 441 also lowers the next period’s investors’ perceived
payoff variance Var[diyo + giy2|F;+1], the investors will trade more aggressively, and thus the
asset price g¢41 will also be more sensitive to the investors’ private information and to the real
demand shock e;42. For investors in the current period (i.e., period t), since they cannot learn
any information about the next period’s real demand shock e, and productivity shock a;qo,
their perceived resale price variance, Var[q.+1|F;;], may increase with 7,41 due to the increase
in ﬂit+1Var[et+2|Fit] and (617t+1527t+1)2Var[st+1|Et]. Therefore, the current period’s investors’
perceived payoff variance Var[d;+1+¢:11|Fit] can be increasing in the next period’s public disclosure
Ts,i+1, and the current period’s financial price informativeness 51,./8s, can be decreasing in the

next period’s public disclosure 74 44 1.

4. The model with endogenous information acquisition

In this section we extend the baseline model in Section [3] to allow for endogenous information
production and information extraction. Then we investigate how the output elasticity of capital
and the public information disclosure affect the price informativeness, the investors’ information

choice, and the firm’s profit.

4.1. Information choice problem

Assume that at the beginning of each period ¢, the precision of the signal about the real demand
shock 7+ (information production) and the precision about the noise traders’ order flow 74,
(information extraction) can be chosen by each investor i subject to the data capacity H; before
making investment decision. Investor i’s information choice problem is to maximize the expected

utility conditional on information set I;

max B [U(ci1)l; ], (23)

Txi,tsTgi,t
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subject to information constraint,

Tzi,t + XTQQz',t < Hy, (24)

where H; > 0 is the data capacity (financial data technology) for every investor in period ¢, and x >
0 is a parameter that determines whether information production is relatively easier or harder than
information extraction. This information constraint is similar to that in [Farboodi and Veldkamp
(2020). Assume that the sequence of data capacity {H;}:2, is known in period 0: {H;}2, C Io.
We can show that maximizing an investor’s ex ante expected utility is equivalent to minimizing
the investor’s perceived payoff variance Var [di11 + qry1|Fit]. It is intuitive that a risk-averse in-
vestor tries to make the uncertainty as low as possible. Minimizing the investor’s perceived payoff

variance can further be converted to the following problem,

1 2
ma; it + | 50— it
TzityT)g(ithlt </83,t> Tglt (25)

2 2
st Toa + XTgie <Ht, Twie 20, 7git > 0.

This problem can be solved using Lagrange’s method of multipliers. Notice that we focus on
the symmetric equilibrium where all investors choose the same levels of information production
and information extraction. We have the following proposition that characterizes the information

acquisition decisions of the investors.

Proposition 5 (Information acquisition). Investors’ information production decision (i.e., the

precision of the signal about the real demand shock) at the beginning of period t can be expressed as

Hx

X+ ()" 20

Txt =

and investors’ information extraction decision (i.e., the precision of the signal about the noise

traders’ order flow) at the beginning of period t can be expressed as

2
1 1 HtX
T f— — - —_—— . 27
o (/3) X\ x+ (7) (@)

Proof. See Appendix [B] O

Combining Proposition[I]and Proposition 5} we can solve for the full equilibrium of the economy.
We focus on the stationary equilibrium where all deterministic variables do not vary with time.

Particularly, we assume that 7o = 75, 7+ = 1, and Hy = H, Vt. Accordingly, the endogenous price
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coefficients and signal precisions are also constant over time, ie., 31+ = 5, [ = 0,1,2,3,4, and

Tet = Txy Tgt = Tg, Vt.

4.2. Impacts of output elasticity of capital

Proposition 6 (The impacts of output elasticity on financial price informativeness and information
acquisition). A higher output elasticity decreases financial price informativeness, increases infor-

mation production, and decreases information extraction, i.e., %ﬁﬁa) <0, %i; > 0, and 88% < 0.

Proof. See Appendix [B] O

25 1 700

Price Informativeness | I
= =Expected Profit 1 600

500

o
o

o

3.8 0.65

o
3

3.6 10.6

400

o

3.4 10.55

300

»
3

3.2

Expected Profit

Variance of Payoff

200

IS

Price Informativeness
N
Variance of Resale Price
Information Production
Information Extraction

100 3.5 2.8

Information Production | 0.4
= = information Extraction

0 0.5 1 0 0.5 1 0 0.5 1
Output Elasticity (n) Output Elasticity (n) Output Elasticity (n)

Figure 1. Impacts of output elasticity of capital. This figure plots price informativeness 1/83, ex ante expected profit
E[P;11Yi+1 — Ry K¢], conditional variance of financial asset payoff Var{di+1 + qi+1|Fi¢], conditional variance of
resale price Var[g¢+1|F;¢], information production 7, and information extraction 74 as functions of output elasticity
of capital . Parameter values: 7, = 100, 7= = 80.08, 7, = 19.75, v = 0.05, x = 22, a = 1, Ry = 1.02, G = 0.98,
0 =2, H=18.0036, 7s =10, 2 =4, g = 4.

Proposition [6] and the left panel of Figure [I] show that the financial price informativeness is
decreasing in the output elasticity of capital, and the firm’s expected profit is increasing in the
output elasticity of capital. This result clearly shows the misalignment between financial market
efficiency and real efficiency: a more efficient production technology that can improve the firm’s
profit is associated with a lower financial price informativeness. The intuition for this result is
consistent with that for Proposition [2| and Recall that the sensitivity of the firm’s income to
its capital input is increasing in the output elasticity of capital. Since the investors are uncertain
about the firm’s capital input decision in the next period, their perceived resale price risk and asset
payoff risk are also increasing in the output elasticity of capital (see the middle panel of Figure [1f).

Therefore, when the output elasticity of capital increases, the investors are less confident about their
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predictions on the asset payoff, and trade less aggressively. Consequently, less private information
about the real product demand is injected into the asset price from the investors, resulting in a
lower price informativeness.

In the full model, the investors can acquire the information about both the product demand and
the noise traders’ order flow, using the financial data technology. We call the investors’ learning
about the product demand as “information production”, because the investors inject the information
about the product demand that they learned into the asset price through their trading, making
the asset price informative about the product demand. Since the asset price is informative, the
investors can also extract the information about the product demand from the price. However, the
information contained in the asset price is contaminated by the noise traders’ order flow. Knowing
more about the noise traders’ order flow helps the investors better filter out the noise (see Equation
and extract more information about the product demand from the asset price. Therefore, we
call investors’ learning about the noise traders’ order flow as “information extraction”.

The right panel of Figureshows that the investors’ information production (i.e., learning about
the real product demand) is increasing in the output elasticity of capital, and their information
extraction (i.e., learning about the noise traders’ order flow) is decreasing in the output elasticity
of capital. When the output elasticity becomes higher, the amount of information about the firm’s
product demand that can be learned from the asset price decreases. Therefore, the investors
optimally choose to produce more information about the product demand by themselves using
the financial data technology, in order to acquire enough information about the to make the best
investment decision. Correspondingly, since the data capacity is limited, investors reduce their
learning about the noise traders’ order flow in response to a lower financial price informativeness.
Notice that although a higher output elasticity of capital increases the information production,
which in turn tends to increase the price informativeness, this positive effect is too small to offset
the negative direct impact of the output elasticity on the price informativeness. Moreover, the
decrease in information extraction also tends to decrease the price informativenessf’] Therefore, the

equilibrium price informativeness is decreasing in the output elasticity of capital.

2Price informativeness is increasing in information extraction. With the information about noise trading, the
informed investors can profit from trading against the noise traders, which decreases the impact of noise trading on
the asset price. Learning about noise trading is first proposed and analyzed by |Ganguli and Yang| (2009). See page

2496 of [Farboodi and Veldkampl| (2020) for a detailed discussion about the information on noise traders’ order flow.
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4.8. Output elasticity of capital and asset pricing properties

Last subsection explores the impact of the output elasticity of capital on the informational
content of the asset price. In this section, we investigate how the output elasticity of capital affects
other traditional asset pricing properties, including risk premium, return volatility, Sharpe ratio,
liquidity, and trading volume. Note that the investors in our model have constant absolute risk
aversion (CARA) preference, so they care about the magnitude of the return instead of the rate
of return. Therefore, only the absolute returns are meaningful in our model. Other papers that
investigate asset returns with CARA frameworks include Mondria et al.| (2022).

At the beginning of period t, if an investor spends ¢; to invest in one unit of the risky asset,
she will receives di+1 + i1 at the end of the period if she resells the asset, and the return on the
risky asset is di11 + gi+1 — g+ Alternatively, if she invests ¢; into the risk-free asset for the period,
she will receive Ryq; at the end of the period, and the return on the risk-free asset is Ryq; — g¢.
Therefore, the excess return is (dey1 + ge1 — q¢) — (Rpge — q¢) = dey1 + ¢e+1 — Ryqe. We provide
the expression for the unconditional expected excess return (i.e., the risk premium) in the following

proposition.

Proposition 7 (Expected dividend and risk premium). Let (8y, 51, B2, B3, f1) be a stationary solu-
tion to the system of equations , , and , Given the initial dividend dy, the unconditional
expectation of the dividend can be expressed as Eldy41] = G [dy—p—av/(1-G)]+p+av/(1-G),
where v = Elvy41]. The expression for v is provided in Appendiz[B, Notably, if do = p+av/(1-G),

then the unconditional expectation of the dividend in any period is

av
E[dt+1] =u+ m, vt. (28)

Therefore, the unconditional expectation of the asset price, E[qi+1], is also constant over time, i.e.,
Elguaa] = fo+ 61 | —ort 4 B (—or )| + -2, we (29)
qt+1] = Po 1 275 2 27a T .

Moreover, the expected risky asset return in excess of the risk-free return (i.e., the risk premium)

can be expressed as
Eldis1 + qi41] — RyElg] = Eldi11] — (Ry — 1) Elge], (30)

because Elqiy1] = E[q:]. Note that the risk premium is also constant over time.
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Proof. See Appendix [B] O

Propositionm provides a sufficient condition such that the expectation of the excess return (i.e.,
the risk premium) does not vary with time, which simplifies our analysis. In this subsection, we
always assume that this condition holds (i.e., dy = p + av/(1 — G)). We plot the risky asset’s
(iD)liquidity, trading volume, risk premium, return volatility, Sharpe ratio, and expected dividend

as functions of the output elasticity of capital n in Figure

6.5 150 25.82 26 13.5 400
N = llliquidity Risk Premium Sharpe Ratio
6 N = = Trading Volume 140 258 = = Return Volatility 25 13 = = Expected Dividend
3 S 5 350
© 2 5] kel
a 55 130 © @ 25.78 24 ¥ 125 c
£ E o PR} 3
E 5% o G 1300 =
§ 5 120 3 22576 2.3 § ¢ 12 a
< 2 3 w8 3
2‘4'5 110 s 9 25.74 22 % g 11.5 1250 g
b} 2 E z » g
a_ 4 100 i 25.72 21 E 11 1
= w o ol 200
3.5 REL 257 2 > 105
3 80 25.68 1.9 10 150
0 0.5 1 0 0.5 1 0 0.5 1
Output Elasticity (n) Output Elasticity (n) Output Elasticity (r)

Figure 2. Output elasticity of capital and asset pricing properties. This figure plots illiquidity (i.e., price im-
pact (183), expected trading volume E[fol |m;|di], risk premium E[di+1 + qiyr1] — RpE[qe], return volatility
\/Var[dt_H + qt+1 — Ryqi|I, |, Sharpe ratio E[di+1+qi+1 —qut\I;]/\/Var[dH_l + qt+1 — Ryqe|I; ], and expected
dividend E[d¢+1] as functions of the output elasticity of capital . Parameter values: 7, = 100, 7= = 80.08, 7, = 19.75,
v7=005 x=22,a=1,R; =1.02,G=098,0=2, H=18.0036,1=082=4,§=4,do=p+av/(1-G).

As is standard in the rational expectations equilibrium literature (see, e.g., Kyle| (1985)), Han and|

(2013), and [Farboodi and Veldkamp] (2020))), we define the risky asset’s illiquidity as the noise

trader’s price impact 31 85. The left panel of Figure[2]shows that the price impact is increasing in the
output elasticity of capital (i.e., the liquidity is decreasing in the output elasticity of capital), and
the informed investors’ trading volume E| fol |m;|di] is increasing in the output elasticity of capital.
The intuition is that, when the output elasticity increases, investors become more uncertain about
the asset payoff (see the middle panel Figure [1)) and trade less aggressively with less confidence,
reducing the trading volume. Since the trading becomes less active, noise traders’ liquidity demands
are more difficult to be satisfied, increasing their price impact (or decreasing the liquidity).

The middle panel of Figure [2]shows that both the risk premium of the risky asset and the return
volatility (i.e., the volatility of the excess return) are increasing in the output elasticity of capital.

When the output elasticity of capital increases, the firm’s value is more sensitive to the firm’s capital
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input decision, so the asset payoff becomes more volatile and more risky, which increases the return
volatility and the risk premium. Moreover, recall that the price informativeness is decreasing in
the output elasticity of capital (see the left panel of Figure . In other words, a higher output
elasticity of capital reduces the information about the asset payoff that can be extracted from the
asset price, which further increases the risk faced by the investors and thus the risk premium.
The right panel of Figure [2] shows that the Sharpe ratio of the risky asset is decreasing in
the output elasticity of capital, and the expected dividend is increasing in the output elasticity
of capital. Although both the risk premium and the return volatility increase with the output
elasticity of capital, the return volatility increases faster. Therefore, the Sharpe ratio, which is the
ratio of the risk premium to the return volatility, is decreasing in the output elasticity of capital.
In other words, a more efficient production technology, indicated by a higher output elasticity of
capital, which increases the expected profit (see the left panel of Figure [1)) and dividend payout,

reduces the risk adjusted return of the financial asset.

4.4. Impacts of public information disclosure

To investigate the impacts of the firm’s disclosure of information about its productivity, we
plot the financial price informativeness, the firm’s ex ante expected profit, the investors’ perceived
variances of asset payoff and resale price, and the investors’ information production and extraction

as functions of the firm’s information disclosure (i.e., the precision of the public signal) in Figure
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Figure 3. Impacts of firm’s information disclosure. This figure plots price informativeness 1/83, ex ante expected
profit E[P;11Yi11 — Ry K¢, conditional variance of financial asset payoff Var[ds+1 + g¢+1|Fi¢], conditional variance
of resale price Var[gi+1|Fit|, information production 7, and information extraction 74 as functions of the firm’s
information disclosure 75. Parameter values: 7, = 100, 7e = 80.08, 7, = 19.75, v = 0.05, x = 22, a = 1, Ry = 1.02,
G=098,0=2, H=18.0036,7n=0.8,z=4,75=4.
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The left panel of Figure 3| shows that the financial price informativeness is decreasing in infor-
mation disclosure, while the firm’s expected profit is increasing in information disclosure. Notice
that in our model, information disclosure is equivalent to the firm’s information acquisition. With a
more precise signal about its productivity, the firm can make a better capital input decision, which
increases its profit. However, as is shown in the middle panel of Figure [3] investors become more
uncertain about the resale price and the asset payoff when the disclosure increases. The intuition is
consistent with that of Proposition 4l If the firm discloses a more precise signal about its produc-
tivity to the financial market, investors will rely more on this public signal when trading the asset,
increasing the sensitivity of the asset price to the public signal. Since investors in the current period
does not know the realization of the public signal in the next period, an increase in the sensitivity
of the asset price to the public signal makes them more uncertain about the resale price. Therefore,
the investors trade less aggressively with lower confidence in their prediction on the asset payoff.
Consequently, less private information is injected into the asset price from the investors, lowering
the financial price informativeness. With less information about the product demand contained in
the asset price, investors optimally choose to learn more about the product demand by themselves,
which occupies more data capacity, resulting in a decrease in information extraction (see the right

panel of Figure [3)).

5. Suggestive evidence: descriptive statistical analysis

In this section, we provide some suggestive evidence for Proposition [2| and the left panel of
Figure [If (i.e., the inconsistency between production efficiency and financial market efficiency). We
show that the sensitivity of income growth to new capital investmentﬂ which corresponds to the
parameter 7 in our model, is negatively related to the stock price informativeness that we estimate

using the method proposed by [Déavila and Parlatore] (2018)).

5.1. Data

We consider all U.S. listed firms included in the Center for Research in Security Prices (CRSP)
and CRSP/Compustat Merged (CCM) database between 1973 and 2022. To estimate stock price

3We use new capital investment instead of capital stock because in our model the firm has no capital stock, i.e.,
the new capital invested at the beginning of a period fully depreciates at the end of the period. Therefore, new

investment in reality is corresponding to the capital input K in our model.
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informativeness, we use earnings per share (EPSFXQ) from “Fundamentals Quarterly” of CCM,
stock prices (PRC) and shares outstanding (SHROUT) from “Monthly Stock File” of CRSPE| and
price index for personal consumption expenditures from Bureau of Economic Analysis. To calculate
the sensitivity of income growth to new investment, we use operating income (OIBDP), number of
employees (EMP), capital stock (property, plant, and equipment, PPEGT), and depreciation (DP)
from “Fundamentals Annual” of CCM, average wage index from Social Security Administration,

and price index for GDP from the Bureau of Economic Analysis.

5.2. Stock price informativeness

We employ the method proposed by [Davila and Parlatore] (2018]) to estimate stock price in-
formativeness. Market capitalization M, calculated by multiplying stock price (PRC) and shares
outstanding (SHROUT), is used to proxy for the stock price. Earnings EN is calculated by mul-
tiplying earnings per share (EPSFXQ) and shares outstanding (SHROUT). Both the earnings and
the market capitalization are deflated by the price index for personal consumption expenditures. As
in [Davila and Parlatore| (2018), we match the earnings in a quarter with the market capitalization
one quarter forward. Then for each firm j that has more than 80 observations, we run the following

two time-series regressions,
Mj,t = bj70 + bj71 X ENj’t + bj72 X ENj7t+1 —+ gj,ta (31)

and

Mj,t = b;’,O =+ b;',l X ENj)t + f‘;)t. (32)

Denote the estimated R-squared of equations and by Ril and R?,Q’ respectively. Then

the stock price informativeness can be calculated as

R?2., — R?
]NFOJ = 1)177]%2127 (33)
7

where INFOj is firm j’s stock price informativeness.

4Note that although we download the monthly data, we use the stock price and shares outstanding data at a

quarterly frequency (i.e., we remove the first three observations of a quarter).
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5.8. Sensitivity of income growth to new investment

We use the sensitivity of income growth to new investment to proxy for the parameter n in our
model. As in Imrohoroglu and Tiizel (2014), the operating income (OI) is calculated as operating
income before interests and depreciation (OIBDP) plus labor expenses, where the labor expenses
is equal to average wage multiplied by number of employees (EMP). Then the income growth IG

of firm j in year t is

Ol — Ol
Ol

Firm j’s new investment in year ¢, INVj, is calculated as INV;, = KS;+ DP;; — KS;_1, where

KS;, is the capital stock (PPEGT) of year ¢, and DPFP;, is the depreciation (DP) of year t. The

IG;, = (34)

investment rate IR of firm j in year ¢, which is the ratio of new investment in current year to the

capital stock of the last year, is
INV;,

IR;, = :
le't KSj,t_l

(35)

Note that both the operating income and investment are deflated by the price index for GDP. Then
we run the following time-series regression at annual frequency for each firm j with more than 20
observations,

IGj’t =Cj0 + Cj1 X IRj,t + §;Ct (36)

Then firm j’s sensitivity of income growth to new investment, SEN;, is equal to the estimated
regression coefficient ¢; 1. Intuitively, when SEN; = 0.5, if the new investment rate increases 1% in
this year, then the income growth rate tends to increase 0.5%. A higher SEN; means that the same
ratio of new investment to capital stock is associated with a higher income growth rate, indicating

a higher production efficiency.

5.4. Production efficiency and stock price informativeness

After the above estimation procedures, we have a cross-sectional sample of 2694 firms. We
winsorize the dependent variable SEN and the independent variable INFO at 5%. We also win-
sorize the market capitalization at 5%. Table [I| presents the summary statistics. Notice that the
sensitivities of income growth to new investment of a very small proportion of firms are negative.
In the following analysis, we replace these negative sensitivities with their absolute values.

To provide suggestive evidence for our theoretical prediction that production efficiency is nega-

tively related to financial market efficiency (see Proposition and the left panel of Figure7 we plot
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Table 1: Summary statistics

Statistic N Mean St. Dev. Min P25 P50 P75 Max
Price Informativeness 2694  0.14 0.15 0.00 0.02 0.09 0.20 0.60
Production Efficiency 2694  0.46 0.81 -2.18 0.15 045 0.76 285
Market Cap. (10°$) 2694 3.31 6.68  0.02 016 072 274 32.61

Note: This table presents summary statistics for the variable used in the simple em-
pirical analysis. It provides information on the sample size, sample mean, standard
deviation, minimum, 25th percentile (P25), median (P50), 75th percentile (P75),
and the maximum. The price informativeness (INFO) is estimated from Eq. (33).
The production efficiency (i.e., the sensitivity of income growth to new investment,
SEN) is estimated from Eq. . The market capitalization (expressed in billion
U.S. dollars) is calculated by averaging each firm’s market capitalization across time,

at a quarterly frequency.

the data points in the Figure 4| We also regress each firm’s stock price informativeness (INFO)

on its sensitivity of income growth to new investment (SEN),
INFOj:Ol0+Ol1XSENj—f—(SXXj-l-Cj, (37)

where X is the possible control variable and (; is the error term. The results of the regression are
reported in Table

Column (1) of Table [2| reports the baseline univariate regression result with ordinary standard
error. The estimated coefficient & is —0.03, and the corresponding t-statistic is —6.46. Intuitively,
the sensitivity of income growth to new investment is negatively related to the stock price infor-
mativeness, indicating a negative relationship between production efficiency and financial market
efficiency. Figure 4] also shows that the estimated function is downward sloping. This result
is consistent with our theoretical prediction in Proposition [2] and Figure [I We also include the
market capitalization as a control variable in column (3) of Table [2| After considering the market
capitalization, the coefficient of the sensitivity of income growth to new investment (SEN) is still
significantly negative. Moreover, consistent with the results in the Figure 5 of |Davila and Parlatore

(2018), column (3) of Table |2 shows that the stock price informativeness is positively correlated
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Table 2: Production efficiency and market efficiency

(1) (2) 3) (4)

Production Efficiency -0.03 -0.03 -0.03 -0.03
(-6.46) (-7.95) (-6.26) (-7.72)
Market Capitalization 0.01 0.01
(12.57)  (10.77)
Constant 0.16 0.16 0.14 0.14
(37.22) (37.53) (31.80) (32.66)
R-squared 0.01 0.01 0.06 0.06
Heteroskedasticity-Robust Standard Error No Yes No Yes

Note: This table presents the results of the cross-sectional regression . The
dependent variable is stock price informativeness (INFO), calculated by Eq.
(33). The sensitivity of income growth to new investment (SEN) is calculated
by Eq. . The market capitalization (M) is expressed in billion dollars. The
t-statistics are shown in parentheses. Column (1) presents the baseline univariate
regression result with ordinary standard error. In columns (3) and (4), we include
the time-series average market capitalization as a control variable. In columns

(2) and (4), the standard errors are adjusted for conditional heteroskedasticity.
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Figure 4. Production efficiency and market efficiency: suggestive evidence. This figure plots the data point of each
firm (SEN;, INFO;) and the estimation result of equation (87), INFO; = &o + &1 x SEN;, where SEN; is firm

j’s sensitivity of income growth to new investment, and I/NFO; is firm j’s stock price informativeness.

with the market capitalization. Columns (2) and (4) of Table [2] show that our results are robust to

the heteroskedasticity-adjusted standard error estimator.

6. Conclusion

This paper develops a dynamic noisy rational expectations equilibrium (NREE) model of a
financial market and a firm. The firm has a decreasing-returns-to-scale production technology with
capital as the factor of production. We show that the price informativeness of a financial asset
contingent on the firm’s value is decreasing in the firm’s output elasticity of capital. In other
words, as the firm’s production technology gets closer to a constant-returns-to-scale technology, its
financial price informativeness decreases. This result indicates that a higher real efficiency can lead
to a lower financial market efficiency. We provide suggestive evidence of the negative relationship
between production efficiency and financial market efficiency.

We also find that more information disclosure by the firm can decrease the financial price
informativeness. In our model, what the firm discloses is the information about its productivity,
which by assumption cannot be privately acquired by the investors. In other words, before the
disclosure, the firm knows better about its own productivity than the investors do. Moreover, as

is implied by our analytical benchmark model, the firm’s information disclosure can reduce the
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financial price informativeness when the investors’ private signal precision is exogenously given.
Therefore, the negative impact of disclosure on market efficiency in our model is through a new
channel that does not require the assumptions in previous literature that information acquisition
is endogenous or that the firm is disclosing the information which they know little about.

In our dynamic model, both the output elasticity of capital and the information disclosure
negatively affect the price informativeness through increasing the investors’ perceived risk of the
asset’s resale price. This mechanism cannot exist in static models in which investors only care

about the firm’s liquidation value.
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Appendix
A. Solving the model

A.1. Dividend

From the real production function and the real demand function , we can solve for the

logarithm of the real product’s price at the end of period ¢,

1
Pty1 = —5(5 + app1 + ek — €041 — §)- (38)

Moreover, the dividend innovation (or the logarithm of firm’s income) at the end of period ¢ is

1 1 1 1 1
Ut+1:95t+1+<1—9>at+1+17t (1_9)kt+9g+<1_0> z. (39)

A.2. Firm’s investment decision

Using the real production function and the real demand function , we can calculate that

—,_1 t(1—l)7l -1 1
E(Pi1Yip1 — RyKylse,q) = Z' oK, VYR |:At+16 eiilsear| — ReK;. (40)
Therefore, the first-order condition for the firm’s investment problem is
_, 1 1 L(1-1y—1_1 -+ 1
Z' oy, (1 — 9) Ktn O YOE {At_'_le et9+1|st,qt - Ry =0, (41)

and the firm’s optimal investment decision at period t is

1 [SH 1 —1—1 1 Oy 171 1 O
Ky = K (s4,q:) = (Rf> {7775 (1 - 9) Yoz _9} (E [At+19€f+1|5taQt]> ) (42)

1

. e Therefore, the equilibrium conditional expected profit for the firm is
ne(l—5)—

where O, = —

E [Pt+1Y;:+1 - RfK (8t7 Qt) |3t7 Qt]
O

1 1 0;—1 Y%zl_% 171 1 [SH (43)
8 Y (Yl = W T
Conjecture that financial price at period ¢ is
qr = Bo.t + Bre(eer + Baise + B3 enig1) + Bai(de — ). (44)
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The price signal observed by the firm is

N — 50,t - 51,tﬂ2,t5t - ﬂ4,t(dt - .U)
= Brs

where the signal precision is 74,; = 85 an. Then the logarithm of the optimal investment decision

= €441 + B3,4N141, (45)

is

1\ 1_,_1 1
kt = *@t thf +@tln |:’I’}t (1 — ) Yo Zl_9:| +®t |:9E[5t+1|5t;qt]+

0
1—1 Elaiy1]s ]+71 Var[ery1]s ]+1 1—1 2Var[a Ist, qt] (46)
] t+1(5¢, Q¢ 262 t+115¢t, 4t B 0 t+115¢t, 4t
G)t TGt “ 1 Tst
= — 1 Dl L 1— =
& @tnR-er(a)TerTq,tq“L@t( 9)7a+73t8t’

where

_ _ Y| L O Nz &= (1
o=oumnn (1) + Gov (1-) e+ | (5]

2 2
1 T 1 1 1 1 1 1 1
O;(1—= a —=71 - (=) ——+-=-06;(1—-= .
+ t( 0) |:7'a+7'st( 27—“ )]+2 t(@) TEJrTq,t—F? t( 9) T + Tst

A.3. Investors’ portfolio choices

(47)

Solving for the portfolio choice problem for investor ¢ @, we have the optimal holding of risky

asset in period ¢ as
Eldiy1 + qie1|Fiel — Rypqs
YVar[dir1 + qey1|Fid

mi¢ =

(48)
Conditional variance. The variance of the asset payoff at the end of period ¢ conditional on the
information available at the beginning of period ¢, Var [di+1 + gi+1|Fit], can be decomposed as

Var [dis1 + qep1|Fit) = Var [dig1|Fie] + Var (g | Fie] + 2Cov [dig1, gy | Fie - (49)

The conditional covariance between the dividend and the financial price at the end of period ¢ can
be expressed as
Cov [diy1,qe41|Fit]) = Cov [diy1, Apro + Bar1(dirr — p) | Fiel
=Cov [dt+1, B4,t+1dt+1|Fit} (50)

= 54,t+1 Var [dt+1 |th] ,

where Ao = Boi+1 + 51,041 (Et42 + B2,1418141 + B3.1+11442) is not correlated with dy4; conditional

on the information available at the beginning of period ¢. Then we can show that the conditional
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variance of the asset payoff is determined by the conditional variance of the dividend and the

conditional variance of the future price, i.e.,
Var [diyr + qe1|Fie) = (14 2B84441)Var [dig1 |[Fie) + Var [qe1 | Fi - (51)

From the financial price function we can derive that the price signal for investor 7 is
(ji 4t — 50,t - ﬁl,tﬂz,té’t - Bl,t53,tE[nt+1|E,t] - 54,t(dt - ,u)
1=
Bt (52)

= ei41 + Ba(nit1 — Elnsa|Fid)),

where the signal precision is 74; ; = 63_’?(7'” + 74i,t). Using Egs. , @, and Bayes’ rule for normal

variables, we can calculate that

Var [di1|Fit]) = Var [u+ G(dy — p) + avep1|Fit

1 1 1 1 1
a2Var |:95t+1 + <]. - 9> At41 + n (1 — 9) kt + ag + 52

r

1 (53)

2 2
1
(9> Var [ere1|Fu) + (1 — 0) Var [az41|Fi)

, /12 1 1\°> 1
0 Te + Txit + Tqit 0 Ta + Tst

Notice that the information available at the beginning of period t, Fj;, has no predictive power on

Oé2

€42, St+1, and ngyo. Therefore, we have

Var [ge41|Fit]

= Blis1 (Var eea] + 831 Var [sea] + B3 1 Var [nesa]) + 87 Var [dea|[Fie] - (54)
1

1 1 1
= 5%,t+1 [ + Bg,t+1 < + ) + 5§,t+1 ] + ﬁitﬂvar (diy1|Fie] s
Te Ta 7—s,t-l-l Tn

where the second equality also uses the fact that s;y1 = a;42 + e;41. Finally, we can express the

conditional variance of the time t 4+ 1 asset payoff perceived by an investor at the beginning of
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period t as

Var [dit1 + qe1 | Fit]

= (1 + 2ﬁ4yt+1)Var [dt+1|Fit] + Var [qt+1|Fit}

1 1 1 1
= (1+2B441 + ﬂit-ﬁ-l)var [di1|Fit] + 6%,t+1 [7_ + ﬂ%,t-&-l (T + ) + ﬁg,u—l*
€ a

ot Tn] (55)
2 2
1 1 1 1
=(1+ 202 - _ 4+ 1= = _
( ﬁ47t+1) [(0> Te + Tait + Tqit ( 0) Ta + Tst+1

1 1 1 1
+ 8% i1 L + B3 411 (7 + ) + 83411 T} .
1> n

a Ts,tJrl

Conditional expectation. The expected financial price can be expressed as

E [qi41|Fi)

= Bo+1 + Brat1 (B [evse] + B2a1 B [se1] + Bse1 E [nega]) + Bagsr (B [dea|[Fil — 1) (56)

1 1
= fot+1 + B1,t41 K—2TE_1> + B2,441 (—2T¢;1> + 0] + Bajpy1 (B [deg1|Fit) — 1)

and the expected dividend can be expressed as

E[dy 1| Fi
1 1 1_ 1\ _
=p+G(d — E [e441|Fit] + 1—5 Eai41|Fi] +me 1—5 kt+5y+ 1—5 Z
1 T 7 1 a -1 s
it Gld — [() N+ txt+7qtqt+<1_>7'( 5Ta )Jthst}
0 7—5+7—mzt+7—q1t 0 Ta + Tst

RSO
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Therefore, the expected asset payoff is
Eldiy1 + qira|Fi]
= E[des1|Fit] + E [qr| Fie]

1 1
= E [di1|Fit] + Bo+1 + Bi,e41 [(27 1) + Bot41 <27a1)] + L1 (B [di1|Fie) — 1)

—1
Te

+ B2,t4+1 (—;T 1)} + (14 Bajt+1)E [dig1|Fif]

7'5_1> + Bo,4+1 (—;Ta_lﬂ + (14 Bai41) ¥

TN + Taindh 4 Tqitdl N 1\ Ta(—574 1) + Tatse
Ta + Tst

= Bo,t+1 + B1,t+1 K— (58)

1
2

1
= Bo,t+1 + B1,e+1 {(-2

1- 2
0

{H+G dt +Oé|:
Te + Tait + Tqit

N

A.4. Clearing the financial market

Recall that we focus on the symmetric equilibrium where for all ¢ € [0, 1], Tyt = Tat, Tgit = Tyt

and 74+ = Tq, Vt. Therefore, all investors’ perceived payoff variance at period ¢ are the same, i.e.,

Var [dyy1 + g1 |[Fil = (1+ B )“12 ! +1121
ar v = @ - — - =
t+1 T Ge1]4%5¢ 4,641 0) 7ot Tt + 7Ty 0) T4+ Ts
(59)
1 1 1 1
2 S 2 - 2 —
+ B1 441 [Te + 85,141 (Ta + Ts,t+1) + ﬁ3,t+1Tn] .
Denote Var [di+1 + qi+1|Fit] by Vre. The market clearing condition can be written as
1 1
/ (B [det1 + qrea|Fiel = Rpqe) di + negr = 1. (60)
YVre Jo
Consider the integration of individual-specific signals z¢ and §i. We can calculate that
1 1
/ xidz = €41 —|—/ Qidz = €41, (61)
0 0
and
1 1
[ didi= [ ceat Bustnens — ElnealFl)ai
0 0
1
= €t+1 1 Banet1 — 53,t/ Eng 1| Fi¢di
(62)

= €1+ B34ni41 — B3y

1 .
gidi
Tn + Tgt / g

Ni41.

=¢ci41+ B3

Tn Tyt
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Therefore, the integration of the expected asset payoff is
1
/ E[di+1 + qe+1|Fit) di
0

1 _ 1 _
= Bo,t+1 + B1,t4+1 {(—57’5 1) + B2,t4+1 <_§Ta 1>] + (14 Bai+1) X

(1> (=3) + (Tat + Tqr)er1 + Bap i

Tntrgs Vi1 1\ (=2) + Tose
di — = g 1— )22t =7
{u+G(t i) + o 7 + 7 P

AV CANE DY mese N L1 (1),
+Oé |:’I7t (1 0) <¢t @tlan+< 0 > T5+Tq7t +C"‘)t 1 0 Ta+7—st —|—0y+ 1 9 z )
(63)

where is also used in the equation. Combining the above equation with the market clearing

Te + Tat + Tqt

condition 7 and rearranging terms, we have the following linear combination of €;y1, s¢, N¢y1,

d¢ — u, gz, and a constant:

0="Co:t+ Crierq1 + Co8e + Cypnepn + Cop(dy — p) + Cs 144, (64)

0

(14 Baps1)e 1 Tst 1 Tst O\ 71402
S G e Vi (T 1- - (2 TaP2e
ot YV 0 Ta + Tot +m|© 0) 1, + Tst 0) e+74el|)’

Coy = (1 + Ba1)a <1) < Tqt ) Tn B3, } Y

YVri 0) \Te+Tot +Tqt ) Tn + Tgt

(1+ Bavir) { ( 1) (m@t) ( Tat > ﬁ“]
Cpp= P4 o (1= Patl
o Vi N ) \Ue )\ ) B
1 1 7:O¢ T4t 1
—— |-R;+(1 1— = —
= v [ 7+ ( +ﬂ4,t+1)04< 9> ( 7 ) (Tg—l—th) ﬁl,t]’
Cy, = L Jit +8 _17-—1 + B _17-—1
0,t = Ve 0,641 1,641 5T 2,641 5T
o (—3) N /(. (=3  a_
1 -y 2/ 1- = 2 @
+( +54,t+1){M+(9)TE+th+th+a< 9> (Z+TQ+TS+€ZJ

1 O Tat ﬂO,t
—Bar1pt — YVee + (1 + Bai41) <1 - 9> M <¢t - 6;InRy — < 7 ) <TE n th> 5“) } .

Cy, - (14 Bais1) (1) Tot + Tyt ]
t=———— ||z ——7 >
YVri Te + Tat + Tyt

(65)
A little bit transformation of the financial price function yields
1
0=Chy |:5t+1 + Bo15¢ + B3 ne + @(dt — ) — 5—q + 50,:&] . (66)
Bt Bt Bt
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Matching coefficients of €441, s¢, ney1, df — p, and g¢, we can derive Eq. , and

Bii1big
(1+ Bagr1)e(l — 5)ne(8t) 2 + VO

Te+Tgt

Boe =

where

1 1
Biy1 = Bot+1 + Bii+1 [<—QT§1> + B2t41 (—2%_1)]
o (-1) (.. (=3) o
= 2/ 1—Z= — 68
9>TE+th+th+a( 9) <Z+Ta+7's+9y (68)

1
— Bagript — YV + (1 + Ba1) (1 - 9) nt(¢r — Oy In Ry).

+ (1 + Batg1) {M + (

B. Proofs of Propositions
Proof of Corollary

Proof. From Proposition [If we know that 84 = G/(R; — G). Therefore, we have

1 _ Ry — G. (69)
1+ B Ry
By assumption, 7y = 0 and 7,4 = 7,. We can calculate that
By = Ry — Gl'yVFtO(TE + 7+ T)Tn R -G lnyFtG(Tg + 7y + Tqt) (70)
S Ry a (Ta+Te)Tn—Ta™n Ry « T :
Therefore, we have
1 Ry — G Te
—AV] - =—. 71
ﬁ37t7 Fi(Te + T + Tyt) o, 5 (71)
Substituting in to the above equation, we can calculate that
1 OéRf 1 1 2TE+Tz+th:|
- — + 1— =
BS,t’Y <(Rf - G) |:92 ( 9) Ta + Ts,t (72)
Ry -G 1 1 1 1 T,
+ ol /Bit-i-l LE + 5§,t+1(?a + Ts,t+1) + 5§,t+1 TJ (Te + 72 + th)) = gx
Define
Ry — G o 1 9 1 1 9 1
Zy = TRfﬂl’t“ |:7—€ + /82,15-&-1(; + ﬁ) + /83,t+1; . (73)

Note that 75, = 0 and 74 = (i)z(m + T4t) = (52 )?7,. Substituting in the expression of 7, and

B3t
to and collecting terms, we have

1 aRy 1,
— —(1-= ZiTn
1 alRy 1 1y 7+ 72 T
e - 1—-)—— Zy(Te T = -
(63,t)|:’nyG(02+( 0) Ta+TS7t)+7 % +T>} 0
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Proof of Proposition

Proof. Since 1, does not enter and (22), we can conclude that 6(%)/8% = 0. Taking
derivative with respect to Z; on both sides of (21]), we have

1
1 23(5“){ aR; 1, T ] 1,
— ' 1— 22— — 44 Zimn | + ()37
B 07 |'Ry-GU "0 mwm, DA T )
d(7) R 1 1 1
B3, alvy o0 Te + Tz
Y 1—-) ——— Z, 3 T - £ z) — U.
oz, {Rf—c(aﬁ( 9 ra+fs,t)+7 i M)}Hﬂs,t)w ) =0
Collecting terms, we have
Ngr) [ 1 R 1
B3,¢ 2 [ YOQlvy 2 Tn
Pl 13— (L (- )P 2T
a7, [3(53,t) (Rf—G( rlr— ”)
yoly 1 1y 7e + 72 1 1 4
— 1— ) ——— Z. € T o € T T n =0.
+Rf—G (92+( 9) Ta + Tyt T2+ 70) +<ﬁs,t)7 T +(53,t) §
(76)

From we know that Z; > 0. By assumption, # > 1 Ry > 1, and G < 1. Therefore, we have

1 yoRy 1, 7
3(=—)? 1—-)y— ZiTh
{ (53,t) (Rf—G( 9) Ta + Ts T tT)

(77)
yoRy 1 1o 7+
o (1- )2 Z )| >0
RfG<92+( 0) Ta + Tst + 2T+ 7a)| >
It’s also obvious that
1 1
(=—)y |:TE + 7 + ()27'”] > 0. (78)
B3t B3t
Therefore, we must have
90 <0 (79)
0Z;
for to establish. Notice that ©;,1 = —ﬁ and 90;41/0n:4+1 > 0. From we can
MNt+1 —9)
calculate that
Q 1 7+ 7ge41 1 741
= — ’ + @ - 1 y : 80
Br,t41 el IR r—— (Ot41 )975 I (80)
because
G R
1+ Bara =1+ ! (81)

Ri—G R;-G’
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and

L

6 @t.;,_l + @t_;,_l = @t-‘,-l — 1. (82)
t+1

1 1
(1- 5)77t+1@t+1 = [(1 - 5)77t+1 - 1} Oti1 + O =

Recall that we have proved that d(—=—)/0n;.1 = 0. By definition and the assumption that

BS,t+l
Tg,tJrl = 0, we have Tq,tJrl = Tt},t+1 = (53,1t+1 )2Tn. Therefore, 8Tq7t+1/3nt+1 = 8T47t+1/aﬂt+1 = 0,
and
0 100
O 0 109, (83)
877t+1 Rf -Go 877t+1
From we can also calculate that
« 1 Ts,t+1
= (1— )0y — 2 84
Br,t+1B2,041 Rf—G( 7) P (84)
and
0 1 A 00
(51,t+1/82,t+1) _ o ( 4 Ts,t+1 t+1 < 0. (85)
041 Ry -G 0" Ta + Ts 41 OMiy1
Since f3 ;41 is not affected by 7:11, we have
O(B1,t4183,041) 0f1,t41
—_— = : > 0. 86
Onty1 Pa Ongy1 (86)
Therefore,
0Z Rr—G |1 0 1 1 0
I *2ﬁ1,t+1M +(—+ )261,t+1ﬁ2,t+1M
ant+1 OéRf Te 377t+1 Ta Ts,t+1 577t+1 (87)
0
+251,t+1ﬁ37t+1—(/Bl’éﬂﬁs’tﬂ) > 0,
Tt+1
and

1 1
"ar) _Npr) 02 (88)
011 0Z; Onea '

O
Proof of Proposition
Proof. From Appendix [A] we know that
Var [dipa|Fa = o ;H:M (- é — im (89)
where by the assumption that 74 = 0 we have 74 = (ﬁ)%n We can see that
OVar [diy1|Fit] <o (90)

9(5,7)
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From Proposition [2| we know that d(5—)/0n = 0 and 8(5%)/317“1 < 0. Therefore,

1
B3, it

oVar [di41|Fi] _ OV ar [diy1|Fy) a(ﬁi,t)

=0, 91
ant a(ﬁi,t) 37715 ( )

and |
8Var [dt+1|Fit] _ 8Var [dt+1‘Fit] 8(5?“) < 0. (92)

Ot o( ﬁi,t ) ONg+1
From Appendix [A] we also know that

1 1
Var|qiy1|Fi] = 6%,t+1 [ + 6§,t+1 ( +
Te T,

1
) + ﬁg,t+1:| + BitJrlvar [di11|Fit] - (93)
a Ts,t+1 Tn
From we know that 1, does not affect future price coefficients 31 141, B2,t41, 83,641, and Ba 1.
Moreover, we have proved that 7; does not affect Var [dit1|Fi¢]. Therefore, 7, does not affect

Var [gi4+1|Fi) and Var[diy1 + qey1|Fit]. Note that Var [gi41|Fi] can also be expressed as

aRf

e V2Var [di1|Fy) . (94)

Varlgeqi|Fie] =

Zy + (

R, -G

From we know that a?an:l > 0. We have also proved that %ﬁm > 0. Therefore,

Var|gi4+1|Fy] is increasing in 741, and Var|diy1 + qir1|Fit] is also increasing in 74 1. O
Proof of Proposition

Proof. We first investigate B(B%) /O7st. Taking derivative with respect to 75 on both sides of ,

st

we have
1
1 28(5“) [ yaRy 1., T» } 1 3 vaRy 1, —7n
7 1- 2 Zitn = 22T
ﬁB,t 8Tst Rf_G( 6) Ta + Tst +7 i +(53,t) Rf_G( 8) (Ta+7_st)2
9(3,7) Ry (1 1
Bs,t alvy 2 Tet Ta (95)
St (l—7)— Zi(Te + Ts
07y [VRf—G (92 +(1=3) ra+rs,t) T 2Tt )}
1 OéRf 1 9 -1
- 1—2) (e +7)——=0
R e T

Collecting terms, we have

A(5) 1 R 1
B3t 2 oy Y Tn
O7ar [3 B3t (Rf—G(l i +72t7”)+
O[Rf 1 1 2 Te +To
Sl I L AR 96
va_G<02+( 5) Ta+m)+v (T, +r)} (96)

1 5 yaRRy 1.9 Tn 1 aRy
B3t Rf*G( 9) (T + Tst)? (53,t)7Rf*G

(L= 2)%(7e + 7o) ———
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Since

1 5[ vaRy 1o 7,
— (L2 ZiTn
{3(633 (Rf—G( §) gy VAT

(97)
OtRf 1 1 o0 Te + Tz
1— )y —— Z, 0
s (g 0- Pt )+ tmm)} >0
and
1 3 yaRy 1.4 Tn 1 aRy 1.4 1
—_— — )+ (— 1— ) (e +7)— >0, 98
B Br-GU T8 e BRI (58)
we must have L
%5 (99)
a’l’st
for to establish.
Recall that by assumption 74; = 0, we have 74 = 74 = (ﬁ)2 Moreover, we have proved

that 6( )/87‘St > (. Therefore, :’i > 0. From we know that 651 t > 0. Therefore, we have

531,t+1 851,t+1 5Tq,t+1

= > 0. 100
aTs‘t+1 87’q,t+1 aTs,t+1 ( )
We can calculate that
@ 1 Ts,t+1
=—(1—--2)04 1 —————. 101
B1,1+182,t41 Ry~ G( 9) t4+1 Tat Tosrt (101)
Therefore, we have M > 0. O

OTs Jt+1

Proof of Proposition
Proof. The consumption of an investor born at the beginning of period ¢ is

Citt1 = RyWi i +my(diy1 + g1 — Ryaqr)

102)
Edit1 + q41|Fit] — Ry (
=RW;;+ - - - ~(di41 + @41 — Ryqy),
Fre yVar [dt+1 +q15+1‘Fit] ( o o ! t)
so the ex post utility is
Eldit14+qi41|Fit)—Ryqe
RyW; ++ d + —R
E [U(Ci,t+1)|Fi,t] —_Fle [ IYWatT A Var[der1+qet1| Fit) (dis14+qis1— f(h)} |Fi,t
103
1 E2[diy1+qer1—Ryrae|Fi i ( )
= 7677wai"t7§ Vit
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By law of iterated expectation, the ex ante utility is

E[U(cipr)|I; ] = E [EU(cie1)|Fid 1]
lE [div1+qi+1—Ryqe| Fi ¢ B (104)
|

= E |- MWiem3

Ft

so maximizing the ex ante utility is equivalent to minimizing

E

6_2 Vrt ‘I_

. (105)

1E2[dt+1+Qt+1*Rth|Fi,t] ]
)

subject to the information constraint . E[diy1 + ge41 — Rpqe|Fi 4] |1, is normally distributed

Then E?[diy1+qe41—Ryqe | Fit)

and we denote its expectation and variance as y; and V; respectively. v,

is a noncentral chi-squared distributed variable conditional on I;” with unit degree of freedom and

a non-centrality parameter that equals s

AR Rearranging (105) and using the moment generating

function of noncentral chi-squared distribution, we have

1 E?[diy1+qe41—Ryqe|Fi ] 1 E?[diy1+qe41—Ryqe|Fi )
E|e 2 Ve 7| =E|e2 V. I
, L (106)
1 Ky 1
_ e 2 Vi (1+ VF’r)

S R E g v 1on
subject to . We can calculate that
pie = E [E[dis1 + @1 — Rpq| Fig] |17 ]| = E [degr + @1 — Ryl I ], (108)
which is not related to investor ¢’s information choice 7y, 7gs¢, and
Vi =Var [E [diy1 + qey1 — Rpqe| Fi g |I;]
=Var [dis1 + @1 — Rpqi|I;7 ] — E [Var [dis1 + @1 — Rpae| Fid] 1177] (109)

=Var [dt+1 + Qi1 — qutu;] — Vs

Since V; = Var [dj7t+1 + G e4+1 — quj,t|It_] is not affected by a given investors’ information choice,
Tzit and 74 only enter V; through Vg, Equation (107) can also be written as

Vi=Vee, 1 1 i Vi 1pi
- = 1 110
+ VFt ) 2 ‘/t VFt VFt (VFt) T3 2 Vt ( )

1+
Ve

1
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which is an decreasing function of Vg, so maximizing (107)) is equivalent to minimizing V. After

some transformation we can write the information choice problem for investor ¢ as

1
max Tgit + (T)QTgita
3,t

Txit Tgit

(111)
st Thy + Xngit <Hy, Tpit >0, 79 > 0.

Using Lagrange’s method of multipliers, it’s easy to find that the optimal information choice for

investor ¢ is

P Hx

zit — 1 \4°
X+ (g7) (12)
1,1 H,

Tgit = (

/87715) ﬁ X+ (B;t)zy
Combining and (112]), we have the system of difference equations that characterizes the full

equilibrium. O
Proof of Proposition [6]

Proof. From Eq. and (112) we know that the stationary equilibrium financial price infor-
mativeness £ = ﬁ—lg) is determined by the equation & = h(fﬂy)ﬂ The function h(&,n) is defined

as

oy ) a0 4 7O 70 el )

B <Rf =) A7 EN T +72E) + 14(©) (7 + 75 (E))

where 7,(£) = £2(1,, + 74(£)). From Proposition [5| we have 7, (£) = ,/% and 7,(§) = ngTJ(ﬁ)
Moreover, the function f(&,7) is defined as

_( aRy \[/1)? 1 1\* 1
f(f’”)‘(Rf—G> (9) T€+Tz<5>+m<§>+<1‘e> —

(114)
P+ e (5 )+ b6 el
where
wen =5, (7 -0) [0) sinwine * (-0)1(8) sin@l 0
S R

5If there are multiple equilibria, we always focus on the equilibrium with the lowest price informativeness.

43



and 74(¢) = &*7,. Recall that © = —[n(1 — 4) — 1]~ > 0, %—? >0, and (1 —4)n© = © — 1.

Therefore, we have 22 f(fnm) > 0, 811157777) > 0, and thus %ﬁ;n) > 0. It immediately follows that

%ﬁ;n) < 0. We can also calculate that

aRy \/ﬁTn

Ry — G> v0f (&) (7 + VH)
Let ¥ > n > 0. Let &(-) be the function implied by & = h(&,-). Since % < 0, we have

h(&(n),n") < h(&(n),n) = &(n). Equivalently, we have h(£(n),n’) — &(n) < 0. Recall that h(0,n) —

0 > 0. By the intermediate value theorem, we know that there exists a ¢ € (0,£(n)), such that

h(¢,m') — ¢ = 0, or equivalently, ¢ = h(¢,n’). Notice that ¢ = £(n’). Therefore, we have £(n') <

Mmm=< —>0. (117)

&(n). Since the selection of 7’ > n is arbitrary, we know that £(n) < 0. Intuitively, the price
informativeness is decreasing in output elasticity.
Recall that 7.(§) = 1/%, so by inspection we have 7.(£) < 0. By the chain rule, we have

884; = 7,(£)¢'(n) > 0. By the information constraint, we have 7,(§) = %’(5”2, so 7,(§) > 0.

Therefore, we have %—7;;’ = 7,(§)¢'(n) < 0. Intuitively, the information production is increasing in

output elasticity, and the information extraction is decreasing in output elasticity. O
Proof of Proposition

Proof. The dividend process can be written as di41 = Gd; + (1 — G)p + aver1. We can also

calculate that the unconditional expectation of vy yq is

1 1 1 1 1
Eloe] = (e 1+ - D Loy va - b - emr,
0 2 0 2 0 118
AN R S S PEY G S N N ) I G 3 e
Or.+7q 2° 0t 2”79 6"

Notice that E[viy1] is constant over time. Let o = FE[viy1]. The unconditional expectation of
dividend is

=GGE[di1]+(1-Gp+av)+ (1 -G)u+av

=G?Eldy_1] +[(1 = G+ av)(1 + GY) (119)

=Gy + [(1 - G)p+av)(1+ G+ -+ G).
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Using the sum formula for a geometric sequence, we can calculate that 1 + G' + --- + Gt =

(1-G*)/(1-G), so

1 -Gttt 1 av av

Therefore, when dy = u + av/(1 — G), we have Equation . Based on Equation , the
derivation of Equations and is obvious. Note that if d; = dy = p+ av/(1 — G), then

Eldi1] = Gy + [(1 — G)p + av]

Elda|l; ] = Gdi + (1 — G)p+ av

o
=Gu+ 2 4y~ uG + v (121)
-G
av

1-G’
s0 Eldi41|1; ] = E[d4+1]. Therefore, we also have E[dii1 +qi41 — Rpqi|I; | = Eldi1 +qep1 — Ryqy

when dy =dy = p+ av/(1 — G).
The expression for return volatility. The variance of the excess return conditional on the infor-

mation set I, , Var{diy1 + qi+1 — Ryrqe|I; |, can be expressed as

Var[dis + g1 — Rpqil ;]

(122)
= Var[Dieyy1 + Daary1 + Dangp1 + Daey + Dseryo + Doarro + Dresp1 + Dgnyyol,
where - Lo
T
Dy = (1 — 1—
L= (14800 _9+n( o] -,
1 Ts
Dy = (1+ B4) (1_5)‘*‘ (1—5) S} g ] Ry BB,
- T (123)
1.0 714
Da=(1+ 8o |of1 = )5+ | - Ry,
[ 1 Ts
Dy = (1 + Ba)a |n(1 — 9) @ p= } Ry BB,

and D5 = f1, Dg = D7 = B1/32, and Dg = (313. Also notice that (€411, asy1, net1, €, Et42, Gry2,

et+1, Ny2) are mutually independent. So the return volatility, \/V@T[dt+1 + gr41 — Ryqe|I; ], can
be calculated using the variances of these independent random variables. O
C. Additional Results: Impacts of the Growth of Financial Data Technology

In this section we analyze a special case where there is only demand shock in the real economy
and investigate the impact of growth of financial data technology on price informativeness, infor-

mation production, and information extraction. We also assume that the level of financial data
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technology is time varying. Letting 7, — 400, we can derive the following corollary of Proposition

and Proposition

Corollary 2. The equilibrium financial asset price in the model where there is only the real demand

shock is
gt = Bot + Br,e(e1 + B3,eni41) + Bae(dy — 1), (124)
where ) ) 1 o
Txt + th th
= (1+ ) LU i Ry | R e
P Rf( But+1) {9 Te + Tot + Tt ( 0)779 Te + T4t
By, = 1 1 YVpiO(Te + Tat + Tgt) (Tr + Tgt)
.= -
T 14 Baigr o (Tar + Tq)(Tn + Tgt) — TatTh
G
Bat = Ri(l + Bai+1)s
f (125)
Tt = 7Htx
X+ ()"
1 1 H;
Tt = (=) —=\ |~
/33,t \/Y X + (ﬁB,t)
and
Vit = (1 + Bass1)’a? ! ! + B3 1+62 ! (126)
= o —_—— - —
Ft 4,641 e —— L1 | 7 B+l

is the variance of the asset payoff diy1 + qi+1 conditional on the average investor’s information set
Fy with average signal realizations and average precision. The equation for Ba. has a stationary

solution which is

G
Bat = Bajy1=Ps = m, vt. (127)

We analyze the model using numerical examples. In these examples we set 7. = 80.08, 7, =
19.75, v = 0.05, x = 22, a = 1, Ry = 1.02, G = 0.98. We also assume that the financial data

technology follows a deterministic time series
H, = 0.00095 x 2049%(=D ¢ =123 ... (128)

The computation process of this model is also similar to that in|Farboodi and Veldkamp (2020). We
first compute the steady state of the model when H; — +00, and use this steady state solution as
the equilibrium at the terminal date T' = 150, then calculate backward the equilibria from ¢ = 149
tot=1.
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Figure 5. Impacts of financial data technology. This figure plots information production, information extraction,
and financial price informativeness as functions of time. Note that the financial data technology evolves according to
. Parameter values: 7. = 80.08, 7, = 19.75, v = 0.05, x =22, a = 1, Ry = 1.02, G = 0.98, § = 2, H = 18.0036,
7s = 10 n = 0.5.
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The upper left panel of Figure [5| shows that when time increases from 0 to 50, information
production first increases and then decreases, while information extraction always increases. The
upper right panel of Figure[5]shows that when time increases from 0 to 50, the price informativeness
also increases. The lower left panel of Figure [f]shows that after ¢ &~ 125 both information production
and information extraction grow very fast. The lower right panel of Figure [5| shows that as time
evolves, the price informativeness first increases slowly, and then it increases very fast, and finally it

keeps at a high level. Figure |5 indicates that the dynamics of information production, information

extraction, and price informativeness are consistent with those in [Farboodi and Veldkamp] (2020)).
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