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Abstract
We study a model to explore the (dis)connect between market efficiency and real ef-
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actions. We emphasize two channels that determine whether the two efficiency concepts
are aligned. The “externality channel” says that individual learning outcomes may not
always map into real efficiency because the presence of externality causes real decision
makers to overuse the price information. The “(mis)match channel” emphasizes the
fact that market efficiency concerns how much information the market reveals about
the overall firm value, while improving real efficiency needs the market to reveal much
information that is relevant for real decisions. Our analysis highlights the delicate link

between market efficiency and real efficiency.
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1 Introduction

Market efficiency is a central topic in financial economics. It refers to the extent to which
the prevailing market prices are informative about the future value of the traded assets.
For example, Brown, Harlow, and Tinic (1988, p. 355-356) write: “the efficient market
hypothesis (EMH) claims that the price of a security at any point is a noisy estimate of
the present value of the certainty equivalents of its risky future cash flows.” “A market in
which prices always ‘fully reflect’ available information is called ‘efficient.” (Fama, 1970,
p. 383) Due to its relation to information and prices, market efficiency is also termed as
informational efficiency and price efficiency.

Regulators and academics often view promoting market efficiency as one desirable goal.
For instance, O’Hara (1997, p. 270) states: “How well and how quickly a market aggre-
gates and impounds information into the price must surely be a fundamental goal of market
design.” This is because informative prices are supposed to improve real decision making
(such as investments). As Fama and Miller (1972, p. 335) note: “(an efficient market) has a
very desirable feature. In particular, at any point in time market prices of securities provide
accurate signals for resource allocation; that is, firms can make production-investment deci-
sions....” This idea is quite natural and it goes back to Hayek (1945) who argues that the
market price is an effective source of information by aggregating diverse pieces of information
possessed by various market participants.

In this paper, we examine whether and when the above argument of linking market
efficiency and real investment efficiency is valid in a model in which decision makers in
the real side of the economy (henceforth, real decision makers) learn information from the
financial market to guide their actions. In our model economy, the real decision makers are
capital providers who determine how much capital to provide to a financially-constrained firm
for the purpose of making real investments.! The production technology has two features.

First, there is a negative externality in capital providers’ cost function when they provide

!Our model also admits an alternative macro interpretation that real decision makers are company man-
agers in a given industry who make real investments. Their aggregate investment determines the cash flow of
an asset that is an index on the industry’s aggregate output. The literature has discussed other possible types
of real decision makers who can learn form prices, such as regulators, product customers, input suppliers,
and employees (See Bond, Edmans, and Goldstein (2012)).



capital to the firm: As more capital is provided, the marginal cost of raising fund increases.
We will show that this externality plays an important role in determining the link between
market efficiency and real efficiency.

The second feature of the production technology is that it has two independent produc-
tivity factors — factor @ and factor f — such as a macro factor and a firm-specific factor as in
Veldkamp and Wolfers (2007), or a permanent factor and a transitory factor as in Liu, Wang,
and Zha (2013). Capital providers have better private information about one factor (&) than
the other ( f ), and hence, when offered other sources of information, they are more keen
to learn about the factor (f) of which they are relatively uninformed. The other available
source of information in our model is the information aggregated by the price of the firm’s
security traded in the financial market. That capital providers learn from prices establishes
the effect that financial trading has on the real economy, and we refer to this effect as the
“feedback effect.”

The financial market in our economy is populated by a group of speculators who trade
a security whose cash flow is correlated with the output produced by the firm. Speculators
have private information about the two productivity factors @ and f. The equilibrium asset
price will therefore convey information about a and f through their trading, although the
aggregation is not perfect due to the presence of noise trading. So, capital providers can
extract information about a and f from prices to guide their decisions on real investments.

Our analysis highlights two channels, which we label as the “externality channel” and
the “(mis)match channel,” respectively, that are important in determining the link between
market efficiency and real efficiency. The thought experiment goes as follows. Suppose, for
example, that some exogenous reasons (such as changes in regulation rules or information-
acquisition technology) cause the trading environment to change such that market efficiency
gets improved. We care about whether real efficiency also improves, so that market effi-
ciency is a good proxy for real efficiency. The externality channel concerns whether indi-
vidual learning can be efficiently aggregated: Assuming that each capital provider can learn
more information from the more informationally-efficient price after the trading environment
changes, does this improved individual learning outcome readily translate into a higher level

of real efficiency in aggregate?



We find that the answer to the above question is positive if and only if there is not much
externality in capital providers’ cost function. If each individual capital provider learns more
information from the price, two counteracting effects on the real efficiency arise. The positive
effect is straightforward: After equipped with better information, each capital provider’s
investment decision improves, which tends to improve the aggregate investment efficiency.
However, the presence of a negative externality also gives rise to a negative effect — i.e., the
“inefficient” use of information. As compared to what is socially optimal, capital providers
underuse their private information and overuse the common price information, because the
common price information helps them to better predict the aggregate investment that affects
their future payoff through the externality. The more accurate is the price information, the
larger is the efficiency loss induced by this bias. When the externality is strong, this negative
effect can dominate so that improved individual learning can actually harm real efficiency in
aggregate. We present this result associated with the externality channel in Section 5.

The (mis)match channel emphasizes a more basic fact — market efficiency and real effi-
ciency are simply two different concepts. Market efficiency concerns the price informativeness
about the future value of the traded asset. Real efficiency is about the efficiency of resource
allocation, and it can be improved only if the price reveals information that real decision
makers (capital providers in our model) care to learn. In the context of our model, capital
providers wish to learn factor f more than factor . Thus, if the improved market efficiency
in the thought experiment is driven by information about f, then real efficiency also improves
(in the absence of externality). By contrast, if the improved market efficiency is driven by
information about a, then real efficiency can be reduced. In other words, whether market
efficiency and real efficiency are aligned depends on whether the information revealed by
the price matches or mismatches the information that capital providers want to learn. We
present this result related to this (mis)match channel in Section 6.

Dow and Gorton (1997) have also theoretically studied the link between market efficiency
and real efficiency. They identify two mechanisms for informationally-efficient price to en-
hance economic efficiency, namely that managers learn from the market and that the market
motivates managers to produce information in the presence of agency issues. They rely on

multiple equilibria to break the link between market efficiency and real efficiency — in one



equilibrium, speculators produce information and managers base investment decisions on
prices, while in the other equilibrium, no information is produced and no investment is made
because the project has a negative NPV ex ante; however, in the second equilibrium, real
efficiency is low although the price is informationally efficient. By contrast, in our model,
we rely solely on the learning mechanism to link market efficiency and real efficiency, and
when we study the possible delink between these two efficiency concepts, we identify two
new channels, namely the externality channel and the (mis)match channel. So, our study is
different from and thus complements Dow and Gorton (1997).

The interesting models in Subrahmanyam and Titman (2001, 2013) feature feedback ef-
fects and externality as well. In Subrahmanyam and Titman (2001), there is interdependence
among the payoffs of a firm’s non-financial stakeholders, such as customers and employees,
and this feature generates cascades, wherein relatively small price moves trigger substantial
changes in fundamentals. In Subrahmanyam and Titman (2013), two private firms learn
from the asset price of a traded public firm and the investments of the two private firms
exert externality on each other, which in equilibrium generates a weak correlations between
stock prices and cash flows of the public firm as well as a positive correlation between stock
prices and aggregate outputs. In contrast, the externality in our model occurs among the
investments of the traded firm and our focus is on the link between the market efficiency and
real efficiency concepts. Also, the players involved with externality in Subrahmanyam and
Titman (2001, 2013) do not have private information, and thus the inefficient use of price
vs. private information, which is key to our externality channel, is absent in their analyses.

Broadly, our study is most closely related to two strands of literature: the economics
literature on the use of public vs. private information, and the finance literature on the
informational feedback from asset prices to real decisions. These two literatures have devel-
oped independently, by and large. By combining the elements separately studied in both
literatures in a unifying framework, our paper offers new insights on the link between mar-
ket efficiency and real efficiency. Our analysis suggests that although providing traders with
more information tends to improve market efficiency, it may reduce real efficiency, depending
on the type of information being added and the interaction among real decision makers.

Morris and Shin (2002) kicked off the debate on whether public information has been



used too much by showing that public information may have a detrimental welfare effect in
a beauty-contests economy where coordination is socially wasteful. In contrast, Angeletos
and Pavan (2004) and Hellwig (2005) show that public information can be welfare improving
in economies with payoff externalities, and Cornand and Heinemann (2008) show that public
information may have a positive welfare effect when only a fraction of market participants
can see it. Angeletos and Pavan (2007) have considered a large class of Gaussian-quadratic
economies featuring externalities to study the efficient use of public and private information.
In a monetary economy, Amador and Weill (2010) find that more precise public informa-
tion can reduce welfare through inducing agents to rely less on their exogenous private
information. Colombo, Femminis, and Pavan (2013) study the link between efficient use
of information and efficient production of information in economies featuring externalities.
Our paper intersects with and complements this literature through the “externality chan-
nel,” wherein the endogenous price information serves as a public signal to capital providers
who overuse price information relative to the first-best investment policy.

The literature on the real effect of financial markets is both empirical and theoretical.?
The empirical studies document that stock prices indeed contain valuable information rel-
evant to real decisions and that decision makers appear to learn information from prices
(e.g., Luo, 2005; Chen, Goldstein, and Jiang, 2007; Edmans, Goldstein, and Jiang, 2012;
Foucault and Frésard, 2013). The theoretical studies in this literature find that seriously
modelling the real effect of markets often helps to explain a range of phenomena that oth-
erwise appear puzzling, such as manipulative short selling (Goldstein and Guembel, 2008),
information-based trading (Bond and Eraslan, 2010), cross-listing (Foucault and Gehrig,
2008), commodity market fluctuations (Sockin and Wei, 2013), excess stock return volatility
(Ozdenoren and Yuan, 2008), and the value of noncontrolling blockholders (Edmans, 2009;
Goldman and Strobl, 2013). Our study complements this literature by characterizing condi-
tions under which market efficiency and real efficiency are (mis)aligned and by providing a

unifying framework of analyzing efficient use of price information and private information.

2See Bond, Edmans, and Goldstein (2012) for a recent survey.



2 The Model

2.1 Enwvironment

We consider an extension of the model in Goldstein, Ozdenoren, and Yuan (2013). There
are two types of risk-neutral players — a continuum [0, 1] of “speculators” (labeled by i)
who trade one risky asset and a continuum [0, 1] of “capital providers” (labeled by j) whose
actions jointly determine the asset’s cash flow. The risky asset can be interpreted as a stock
of a firm which is financially constrained and needs capital from outside capital providers to
make real investments. Alternatively, the risky asset can be interpreted as an index on the
aggregate stock market; capital providers in this case are the managers of those companies
included in the index and their real investment decisions determine the cash flow on the
index. Capital providers make the real investment decisions under both interpretations. To
ease exposition, we stick to the first micro interpretation in setting up the model, although
we frequently explain how to understand our model in a macro setting, too.

As will become clear later, assuming a continuum of speculators who are endowed with
diverse signals captures the idea that the financial market aggregates value-relevant informa-
tion inherently dispersed among market participants and therefore provides useful informa-
tion for real decision makers. Assuming a continuum of capital providers who are endowed
with diverse signals enables us to implement our first channel, the “externality channel,” of
examining the link between market efficiency and real efficiency — namely that the accuracy
of the information in the market price may not always be readily translated into real ef-
ficiency, because the price information also affects the coordination motives among capital
providers when they make real decisions.

There are three dates, t = 0,1,2. At date 0, speculators trade in the asset market based
on their private information about productivity factors related to the asset’s future cash
flows, and the equilibrium asset price aggregates their private information. At date 1, after
observing the asset price and receiving private information, capital providers decide how
much capital they provide to the firm, and the firm undertakes investment accordingly. At

date 2, the cash flow is realized, and all agents get paid and consume.



2.2 Investment Technology

The firm in our economy has access to the following production technology:

q(k;) = AFk;, (1)
where k; is the amount of capital that the firm raises from capital provider j at date 1, ¢ (k;)
is the date-2 output that is generated by the investment k;, and A>0and F > 0 are two

productivity factors. Let a and f denote the natural logs of A and F), i.e., @ = log A and
f =log F. We assume that @ and f are normally distributed:

a~N(0,1/74) and f ~ N (0,1/7), (2)

where 7, > 0,74 > 0, and a and f are mutually independent.?

Factors A and I represent two dimensions of uncertainty that affect the cash flow of
the traded firm.* For example, one dimension can be a factor related to the asset in place,
the other one can be the demand for the firm’s future products, and the overall future sales
are jointly determined by these two factors. Also, A can be thought of as an aggregate
macro factor and F can be thought of as a firm-specific factor (Veldkamp and Wolfers,
2007). If one interprets our model as a macro setting where the traded asset is an index and
capital providers are each composing firm, the factor A can be thought of as the permanent
component in the total productivity and the factor f is the transitory component, as in Liu,
Wang, and Zha (2013, p. 1154-1155). The two-factor structure is a parsimonious modeling
device for our second channel, the “(mis)match channel,” of examining the link between
market efficiency and real efficiency — i.e., the factor that capital providers want to learn the
most can be very different from the factor of which the price is most informative. In Section
6.3, we will show that this feature is important for generating our results.

At date t = 1, each capital provider j chooses the level of capital (and hence investment)

k;. Providing capital incurs a private cost according to the following functional form:

¢ (ky; K) = %cokf.m, 3)

3The assumption that @ and f have a mean of 0 is without loss of generality. Assuming non-zero means
is equivalent to renormalizing the cost parameter ¢y introduced shortly.

4Several papers in the finance literature have also specified that the value of the traded security is affected
by more than one fundamental; e.g., Froot, Scharfstein, and Stein (1992), Goldman (2005), Goldstein and
Yang (2012), and Kondor (2012), among others.



where ¢g > 0 and v > 0 are constant and K = fol kjdj is the (equilibrium) aggregate
investment level. The cost can be the monetary cost of raising the capital or the effort
incurred in monitoring the investment. The parameter ¢y controls the size of the cost relative
to the output ¢ (k;). As in in Goldstein, Ozdenoren, and Yuan (2013), we assume that the
cost ¢ (k;; K) is increasing and convex in capital provider j’s own investment k;.

Unlike Goldstein, Ozdenoren, and Yuan (2013), we here also assume that investments
generates externality, so that capital provider j’s cost positively depends on the aggregate
investment level K, where parameter v determines the level of externality. This externality
is particularly reasonable when our model is interpreted as a macro setting in which the
asset is an index on the aggregate stock market or on a particular industry. For example,
the aggregate capital inflow to the particular industry may drive up the interest rate, which
in turn raises each capital provider’s financing cost. Or more generally, the production may
be involved with a particular input (money can be one input, and so is specialized labor),
and the aggregate investment can push up the price for that input and hence the cost of
each investment. We will show (in Proposition 3) that the externality level v is crucial in
determining whether the accuracy of the information in the market price can be translated
into real efficiency (and hence the name of the “externality channel”).

We also follow Goldstein, Ozdenoren, and Yuan (2013) and assume that each capital
provider j captures proportion 8 € (0,1) of the full output ¢ (k;) by providing k;, and
thus his payoff from the investment is 8¢ (k;). Capital provider j chooses k; to maximize the
payoff Bq (k;) he captures from the firm minus his cost ¢ (k;; K) of raising capital, conditional
on his information set, Z;, at date t = 1. That is, capital provider j chooses k; to solve

< = 1
H}CE;JXE 6AF]{TJ — ECOkJQK’Y IJ] . (4)

where he as an atomistic player takes K as given.

2.8  Information Structure

Capital provider j’s information set Z; consists of the asset price P formed at date 0, and

two additional private signals regarding productivity factors @ and f. Specifically, we assume



that he perfectly observes a but observes a noisy signal about f :

8§ =f+&, (5)
where &,; ~ N (0,1/7,) (with 7, > 0) and &, is independent of f and . That is, Z; =
{&, §j,]5}. So, capital providers care to learn information about f since he has already
known a. This is an extreme version that different factors can be exposed to asymmetric
information in different degrees (among capital providers and speculators), which creates the
scope for the discrepancy between what information capital providers want to learn and what
information the price reveals (and hence the name of “(mis)match channel”). In Section 7,
we will extend our model to equip capital providers with noisy signals about a as well, and
show that our results go through as long as the signal quality about a and the signal quality
about f are sufficiently different.

Each speculator i is endowed with two noisy signals about @ and f, respectively:
Ti=a+ &, and § = [+, (6)
where €,; ~ N (0,1/7,) (with 7, > 0), &, ~ N(0,1/7,) (with 7, > 0), and they are
mutually independent of {d, f } That is, speculator i’s information set is Z; = {#;, 7;}. The
market price P will aggregate their signals {Z;,9;} through their trading in the financial

market, and hence P will contain information about @ and f, which is useful for capital

providers to make real investment decisions. We next elaborate on the formation of prices.

2.4 Trading and Price Formation

At date ¢ = 0, speculators submit market orders as in Kyle (1985) to trade the risky asset
in the financial market. They can buy or sell up to a unit of the risky asset, and thus
speculator i’s demand for the asset is d(i) € [—1, 1]. This position limit can be justified by
borrowing/short-sales constraints faced by speculators. As argued by Goldstein, Ozdenoren,
and Yuan (2013), the specific size of this position limit is not crucial, and what is crucial is
that speculators cannot take unlimited positions. Speculators are risk neutral, and therefore
they will choose their positions to maximize the expected trading profits conditional on their
information sets Z; = {Z;, ; }-

The traded asset is a claim on the portion of the aggregate output that remains after



removing capital providers’ share.® Specifically, the aggregate output is

1 1

Q= / q (k) dj = AF/ kidj = AFK. (7)
0 0

So, after removing the [ fraction of Q, the remaining (1 — /) fraction constitutes the cash

flow on the risky asset:

V=(1-8)0=0-p8AFK. (8)
A speculator’s profit from buying one unit of the asset is given by V — P, and similarly, his

profit from shorting one unit is P — V. So, speculator ¢ chooses demand d (1) to solve:

max d(i)E [(1—5)AFK—J5‘L}. 9)

d(i)e[-1,1]

Since each speculator is atomistic and risk neutral, he will optimally choose to either buy
up to the one-unit position limit, or short up to the one-unit position limit. We denote the
aggregate demand from speculators as D = fol d (i) di, which is the fraction of speculators
who buy the asset minus the fraction of those who short the asset.

As in Goldstein, Ozdenoren, and Yuan (2013), to prevent a price that fully reveals the
factor f to capital providers, we assume the following noisy supply curve provided by (un-
modelled) liquidity traders:

L(&P)=1-20(E~AlogP). (10)
where E’ ~ N (O,Tgl) (with 7¢ > 0) is an exogenous demand shock independent of other
shocks in the economy. Function ® (-) denotes the cumulative standard normal distribution
function, which is increasing. Thus, the supply curve L (S , P) is strictly increasing in the
price P and decreasing in the demand shock £. The parameter A captures the elasticity of
the supply curve with respect to the price, and it can be interpreted as the liquidity of the
market in the sense of price impact: When A is high, the supply is very elastic with respect
to the price and thus, the demand from informed speculators can be easily absorbed by noise
trading without moving the price very much.

The market clears by equating the aggregate demand D = fol d (i) di from speculators

®As explained in Goldstein, Ozdenoren, and Yuan (2013), for technical reasons, we do not assume that
the asset is a claim on the net return from the investment.
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with the noisy supply L (E , ﬁ)
D=1 (é, 15) . (11)
This market clearing condition will determine the equilibrium price P.

After completing the description of our model, we can see that our setup differs from
the one described by Goldstein, Ozdenoren, and Yuan (2013) in two important ways. First,
the investment productivity has two sources of uncertainty (@ and f ) in our model, while
it has only one dimensional uncertainty (f) in Goldstein, Ozdenoren, and Yuan’s (2013)
economy. As we mentioned earlier, this two-factor production technology allows us to par-
simoniously capture the “mis(match)” channel. Second, the information structure is quite
different. Goldstein, Ozdenoren, and Yuan (2013) specify that the noise in speculators’ pri-
vate information contains both an idiosyncratic term and a common term, and by doing so,
they can study how traders coordinate on trading on rumors represented by the common
error term. In contrast, we have shut down the common noise term in speculators’ informa-
tion to remove speculators’ coordination motives. Instead, our analysis has emphasized how
capital providers coordinate on real investments through observing the common endogenous
price information and the externality in their cost function, which forms the basis of our

“externality channel.”

2.5  Equilibrium Definition

An equilibrium involves the optimal decisions of each player (capital providers and spec-
ulators) and the statistical behavior of aggregate variables (K, D, and P). Each player’s
optimal decision will be a function of their information sets. For capital providers, their
optimal investments k7 will be a function of their information set Z; = {d, 55, ﬁ}; that is,
Ky =k <€L, 55, ]5> We also expect that the noise terms &, ; in the signal 5; will wash out

after aggregation, and thus the aggregate investment K will be a function of <€L, 1 P):
1
K=K (a,f,P) :/ k (a,gj,P) dj=E [/f (d,%,P)‘EL,f,P} : (12)
0

where the expectation is taken over the noise term &, ; conditional on {&, f,P }

Similarly, speculators’ optimal trading strategies d} will be a function of their information

11



set Z; = {Z;,y;}; that is, df = d(&;,9;). The aggregate demand D for the risky asset is a

function of @ and f:
1
=D (af) = [ dGidi=E [ mlai], (13)
0
where the expectation is taken over the noise terms &,; and &,, conditional on {d, f , 15}
The market clearing condition (11) will therefore determine the price P as a function of

productivity factors {EL, f } and the noise trading shock & P = P <EL, 1, é) An equilibrium

is defined formally as follows.

Definition 1 An equilibrium consists of a price function, P (d, f , %) : R? — R, an invest-
ment policy for capital providers, k (&, 55, P) : R3 — R, a trading strateqy of speculators,
d(Z;,7;) : R? — [=1,1], and the corresponding aggregate investment function K <EL, 1, ]5>,
and aggregate demand function for the asset D <EL, f), such that:

(a) For capital provider j, k (d, 55, ]5) solves (4);

(b) For speculator i, d (Z;, ;) solves (9);

(c) The market clearing condition (11) is satisfied; and

(d) The aggregate investment and demand are given by (12) and (13), respectively.

3 Equilibrium Characterization

In this section, we construct an equilibrium, and it turns out that solving this equilibrium
boils down to a fixed-point problem of characterizing the weight ¢ that speculators put on
the signal §; about factor f when they trade the risky asset. Specifically, we first conjecture
a trading strategy of speculators and use the market clearing condition to determine the
asset price and hence the information that capital providers can learn from the price. We
then update capital providers’ beliefs and characterize their investment rule, which in turn
determines the cash flow of the traded asset. Finally, given the implied price and cash flow
in the first two steps, we solve for speculators’ optimal trading strategy, which compares

with the initial conjectured trading strategy to complete the fixed-point loop.
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3.1 The Information that Capital Providers Learn from the Price

We conjecture that speculators buy the asset if and only if a linear combination of their
signals is above a cutoff g, and sell it otherwise. That is, speculators buy the asset whenever

Z; + ¢y; > g, where ¢ and g are two endogenous parameters that will be determined in
\/7-;1+qb2‘r;1 \/T;1+¢>27';1’

R . _ gf(&+¢f ) ..
speculators’ aggregate purchase can be characterized by 1 — ® (—\/W> Similarly,

and hence

equilibrium. Note that z; + ¢y; > g is equivalent to

. o g—(a+of . .
their aggregate selling is ® (J#T)yl) Thus, the net holding from speculators is:

g- (d+¢f>

,/7';1+¢27';1

The market clearing condition (11) together with equations (10) and (14) indicate that
g (a+0f)

A/t +¢QT;1

which implies that the equilibrium price is given by:

5 1 -
P = exp a—+ ¢ f+ % - J
M/ T+ ¢27';1 M1+ gszy*l M/ 4 gb%’;l

Recall that capital provider j has the information set {EL, 55, P} So, given the realization

D (a, f) —1-20 (14)

1-29

—1-20 (E—Alogﬁ>,

(15)

of @, the price P is equivalent to the following signal in predicting the productivity factor f:

A 7';1+¢27';110g]5—d+g _
v ez, (16)

SPE

where

(17)

(O}
s

Il
A

which has a precision of

1 B ¢2Tx7'y7'§
Var (8,) 1, + ¢* .
The endogenous precision 7, captures how much information capital providers can learn

(18)

Tp

from the price. It is crucially related to real efficiency through guiding capital providers’
investment decisions. In (18), we see that 7, is positively determined by four parameters,

Te, Ty, Tz, and ¢. First, when 7¢ is high, the noise demand E’ in the market is small, and so the

13



price aggregates speculators’ private information effectively, providing accurate information
to capital providers. Second, when 7, is high, speculators have precise information about
factor f , which makes the price very informative about f , all other things being equal. Third,
for a similar reason, when speculators trade aggressively on their information about f (i.e.,
when ¢ is high), the price is informative about f . Fourth, when 7, is high, speculators’
information Z; is close to the true realization of the factor a, which is known to capital
providers; and thus, capital providers can easily interpret the order flows of speculators and

extract information about f from the price.

3.2 The Optimal Investment Policy of Capital Providers

The solution to capital provider j’s maximization problem (4) is:
BAE (F) a, 3, §p>
k¥ =
J CoE<K7|a,§j,§p) ’

where we have used the fact that capital provider j’s information set is Z; = {d, 55, 15} =
{a,5;,5,}.
We conjecture the investment rule takes the following form:
ki = exp (ho + ha@ + hsS; + hySy), (20)

where the coefficients h’s will be endogenously determined. By equation (20), we can com-

pute:

1 h2 ~
K:/ k;dj:eprhOJr;)+haa+hsf+hp§p]. (21)
0 Ts

Then, using the expressions of K, 5; and 5, in (21), (5) and (16), we can can compute

E(K"|4,5;,5,) andE(F

a,S;, §p>, which are in turn plugged into (19), yielding:

B 1 1-( h5)2 hZ
[k’ga t ey (ho + 2)]

kj = exp (1—+hy) (1—vhs)
(1= yho)a+ Satdng, ¢ |G g, | 5,

(22)

Tr+Ts+Tp "I Tr+Ts+Tp

Comparing (22) with the conjectured investment rule in (20), we can form a system of
four equations in terms of four unknowns hg, h,, hs and h,. Solving this system, we can

compute the coefficients h’s in terms of the endogenous 7, (and hence ¢ through (18)) and
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other exogenous parameters as follows:

1 3 1

he = — |log 2 + , 23
O T T [ B T2t T (23)
1

hy = —, 924
L+~ (24)

he = Ts , (25)
T+ Tp+Ts+ 775

hy = . (26)

A4y (s +1p+7s+77s)
In (23)-(26), we find that the externality parameter 7 in capital providers’ cost function

causes them to invest less aggressively (i.e., the coefficients h’s become smaller). Take the
loading h, on private signal §; in (25) as an example. In the absence of externality (i.e.,
v = 0), speculators’ investment rule is proportional to E <F ‘ a,Ss;, §p> in (19). In capital

provider j’s information set {a, $;,5,}, the two signals {5;,5,} are useful in predicting f

o 7o~ %~z o T = Tp ~ . = .
ie, B (f‘ a, sj, sp> = TS T e So, the loading hs on 5; is simply the

Ts

Bayesian weight p—

When there is externality in investment (i.e., when vy > 0),

Ts

the loading h, drops to P
P s s

This is because facing a stronger signal 5;, capital
provider j now knows that the other capital providers will also invest more, which will drive
up the investment cost, and as a response, capital provider j will adjust downward his own
investment. Also note that v affects hy, in (26) more than A, in (25): 5, is a common signal to

all capital providers, while 5; is a private signal; so capital providers are easier to coordinate

on §, than 5; when adjusting the externality effect on their investment.

3.8 The Optimal Trading Strategqy of Speculators

Using the expression of Pin (15), we can compute the expected price conditional on specu-

lator i’s information set {Z;, 7;} as:

E <J5‘ fci,gjz) = exp (bg + VT + bgyl) ,
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where

1 n O
v = ( e ) @)

\/m Tk T et
A /7——1 _|_¢27-—1Ta+7'z

wo= . (29)

Ay /T;l + Pt + Ty

Using (8), (16) and (21), we can compute the expected cash flow on the asset conditional

=%
I

(28)

on {Z;,7;} as follows:

E (v‘ xy) = (1= B) exp (b + b2 + bUGi) |

where
12 (he+1)° (hs+h,+1)° B2
b3:h+—[—+< L L )+—”, (30)
2 Ta+ Ta T+ Ty Tp
bY = (h,+1 31
L= (et (31)

b, = (hs+hy,+1
Y (hs + +)Tf+7'y

Speculator ¢ will choose to buy the asset if and only if £ (‘7‘ Ti, gjl> > F <J5 ‘ Ti, gjl> By
(27)-(32), we have:

B (V| &5) > B (Pl 5) & (0 =0 &+ (b = 0) G > (th — b}) —log (1= 8). (33)

Recall that we conjecture speculators’ trading strategy as buying the asset whenever z; 4

@y; > g. So, to be consistent with our initial conjecture, we need b2 — b2 > 0 in (33). By the

expressions of b and b? in (31) and (28), we find that:
2 1
yra

v+1 /\/7_—1_|_¢2 1

A>T,

by =2 >0«

Apparently, if

then ——-—— <1 and so b’ — b? > 0 is satisfied.
A/ Tz 1+¢27'y !
, . N —bh b by ) —log(1— _
Hence, given b — b2 > 0, we can rewrite (33) as Z; ot Vi (% %if%g( ) Comparing
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this with the initial conjectured trading rule, we have that in equilibrium,

b — P
- (1)
o (bp—bp) —log(1—p)

Plugging the expressions of b’s, h’s and 7, into (34), we have one equation determining
the equilibrium weight ¢ that speculators put on the information about f. Analyzing this
equation, we find that there always exists a positive solution by the intermediate value

theorem. This in turn delivers the following existence proposition.

Proposition 1 When the noisy supply is sufficiently elastic (i.e., when X > /T, ), there
exists an equilibrium characterized by the weight ¢ > 0 that speculators put on the private

signals §; about productivity factor f.

4 Market Efficiency and Real Efficiency

In this section, we first define the concepts of market efficiency and real efficiency and then

explain how these two efficiency concepts are connected in general.

4.1  Market Efficiency

Market efficiency concerns the extent to which asset prices are informative about the value
of traded assets. For example, Fama (1970, p. 383) writes: “A market in which prices always
‘fully reflect’ available information is called ‘efficient.” As we mentioned in the Introduction,
it is sometimes labeled as “informational efficiency” or “price efficiency” in the literature.
We use these terms interchangeably.

In our model, the cash flow V and the price P of the traded asset are given by equations
(8) and (15), respectively. Both variables follow a lognormal distribution. To maintain
linearity, we take logs of V and P — ie., o = logV and p = log P — and define market

efficiency as the correlation coefficient between v and p:
Cov (0,p)

MFE =
VVar (0) Var (p)

(36)
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This is consistent with Grossman and Stiglitz (1980, p. 399) who suggest using squared
correlation coefficient between the price and the fundamental to measure the informativeness
of the price system.

The literature has also employed other market efficiency measures. For example, another
oft-adopted measure is the precision of asset payoff conditional on its price — i.e., W —
in models with exogenous asset cash flows (e.g., Peress, 2010; Ozsoylev and Walden, 2011).
This alternative measure is in line with our measure. To see this, note that the cash flow in

our model is endogenous, so it is natural to normalize the alternative measure by the

1%
, Va‘i?é‘%). By the property of normal

Var(d|p)

variance Var (0) of the endogenous cash flow; that is

distributions, we can show that Va‘;?gz is simply a monotonic transformation of M E:
)

Var (0) Var () B 1 B 1
Var (0|p) S\ (Cow@p)®  q _ (Cov@p))’ 1 — ME?
( |p) Var (U> Var(p) 1 Var(t)Var(p)

Another advantage of using the correlation coefficient between ¥ and p to measure market
efficiency is that it has a normalization flavor since it is always bounded between 0 and 1.

In the Appendix, we compute a more explicit expression of M E.

4.2  Real Efficiency

We follow Goldstein, Ozdenoren, and Yuan (2013) and measure real efficiency by the ex-ante
expected net benefit of investment evaluated in equilibrium. That is, real efficiency is defined

RE=E ( ) (37)

where ) = AFK is the aggregate output defined by (7 ) = [c¢(kj; K)dj is the aggregate
cost, and the expectation operator is taken over <€L, f , 15) with respect to their ex-ante
distributions.

Direct computation shows

- (ha +1)*  (he+h,+1)* h:  h?

E ( ) - h ” s | 38
@ exp | fio 2T, + 27y + 27, + 27 (38)
~ +2 h + (’Y+2) 2 + (@ +2)2(hs+hp)2

E (C) = Dexp (r+2) 2ry . (39)

2 +(v+2) o (y+4)h2

27p 27T
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Inserting the expressions of h’s in (23)-(26) into the above expressions, we can compute real
efficiency as follows:

B\ (B - (35)
14+~ 274 \ 7+1
RE = (—) (1 - E) exp TR T or (4 2 b2 ) | - (40)
+ f

Hy T a+y)? T+y
2
2(Tf+‘rp+‘rs+'y7's)

4.3 The Link Between the Two Efficiency Concepts

As we discussed in the Introduction, regulators and academics often see promoting market
efficiency as one important goal, because market efficiency is generally believed to be a good
proxy for real efficiency. The idea can be best illustrated by Figure 1. We care about
how trading in financial markets can affect market efficiency and real efficiency. In our
model, there are four parameters related to trading: two demand parameters 7, and 7,
(the precision of speculators’ private information), and two supply parameters 7, and A
(the level and elasticity of noise supply). Exploring the efficiency implications of changing
trading environment can be implemented by conducting comparative statics with respect to
these primitive trading parameters. For example, an increase in the information precision
7, and 7, can be interpreted as traders acquiring more information at a lower information-
acquisition cost (e.g., due to more disclosure, more stringent accounting/auditing rules, or

to advanced information-production technology).
[INSERT FIGURE 1 HERE/]

Suppose for some exogenous reasons, a trading parameter changes, which improves mar-
ket efficiency (i.e., arrow (i) in Figure 1). We care about whether real efficiency also improves,
so that market efficiency is a good proxy for real efficiency (i.e., whether link (iv) holds). In
order for this to be true in our economy, we need two more links to hold simultaneously: (1)
the change in the financial market improves the accuracy 7, of information f that capital
providers as real decision makers care about (i.e., arrow (ii)); and (2) the increased precision
7, that each capital provider acquires can be translated into real efficiency for the whole
economy (i.e., arrow (iii)). (Of course, if 7, decreases with the trading parameter, and if RE
decreases with 7, we still have that real efficiency increases.) These two links correspond to

the “(mis)match channel” and the “externality channel,” respectively.
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In mathematics, note that any trading parameter m € {7,, 7, 7¢, A} affects real efficiency
RE in equation (40) only through its effect on 7, and thus, by the chain rule, we can express

the effect of m on RE as follows:

ORE ORE " %. (41)
om ory om

Externality chanmel: Proposition 3 (Mis)Match channel; Propositions 4,5

In the following two sections, we will examine whether the externality channel and the
(mis)match channel hold, respectively. In Section 5, we will examine whether and when
increasing 7, will increase real efficiency RE (the externality channel). In Section 6, we will
take 7, and 7, as an example, and examine whether and when they affect 7, and M E in

the same direction (the (mis)match channel).

5 Externality and Real Efficiency: The Externality Chan-

nel

5.1 First-Best Investment Policy

We first consider a benchmark economy in which a social planner fully internalizes externality,
and show that in this economy increasing the information precision 7, in the price will always
improve real efficiency. Specifically, we keep the information structure as before, and in
particular, in the interim stage we allow capital providers to access to only their private
signals and the price. We still restrict our analysis to loglinear investment rules specified by
(20), kj = exp (ho + haa + hs5; + h,5,). Then, we assume that a social planner chooses the
coefficients h’s to maximize the real efficiency measure RE in (37), which depends on h’s
through the characterizations of F (@) and F (C’) in (38) and (39), respectively. We use
the superscript “opt” to denote the resulting optimal levels of variables of interest, and the

results are formally characterized in the following proposition.

Proposition 2 (a) The investment policy that mazximizes real efficiency is

kP = exp (g™ + hP'a+ hP'5; + hi?'s,)

20



where

pot = | 1A oA oAt ARIRSET <1og (v+2) +log @>

" Tty | 2@+ 20+ 2+ 397+ 2 2]
hopt — 1

a 1_'_77
hopt — (,Y + 2) Ts

s 2(rp+1p+7s) + 7 (Y +3)

¢ Tp

hrt =

(U +9) (7s +7p+ 7 +97:757)

(b) The resulting real efficiency REP" increases with the precision T, of the information

about f contained in the price.

The result in Part (b) is intuitive. Since the information about f helps capital providers
to make real decisions, when the price provides more information about f , the social planner
can equip capital providers with this better information, thereby improving the overall real

efficiency.

5.2 Inefficient Use of Information and Investment Efficiency

Now let us examine how increasing 7, affects real efficiency in our competitive economy.

Taking derivative of the expression of RE in (40) with respect to 7, delivers:
ORE
oty

This suggests that unlike Part (b) of Proposition 2, in the competitive economy in which

X =T+ (Tp+Tp+ 7)Y +2(T7 +Tp +Ts) -

capital providers do not internalize externality, increasing the precision 7, of information
(that each capital provider can learn from the price regarding factor f ) can actually reduce
real efficiency. This will occur if and only if the externality level ~ is sufficiently high. This

result is formalized in the following proposition.

Proposition 3 When the externality level v in capital providers’ cost function is sufficiently
low (high), real investment efficiency RE increases (decreases) with the precision T, of in-

formation that capital providers learn from the price regarding the productivity factor f.

In the competitive economy, increasing 7, has two opposite effects. The first effect is
a positive effect. Increasing 7, simply injects more amount of information into the econ-

omy, and as in the first-best benchmark case, each capital provider can learn better the
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underlying productivity factor f, which tends to improve real efficiency. In the absence of
externality, only this effect is active, and thus increasing 7, will increase real efficiency when
~ is sufficiently small.

” use of

The second effect is negative. The presence of externality induces “inefficien
information in the competitive economy relative to the first-best benchmark, which tends to
reduce real efficiency. Specifically, by comparing the coefficients h, and hs on the common
price signal 5, and on the private signal s; in the investment rule respectively in equations
(26) and (25) with those in Proposition 2, we find that in the competitive economy, capital
providers overuse the common price information and underuse their private information;
that is, h, > hgpt and hs < h?'. This is because the common price information helps them
to better predict the aggregate investment K which affects their future payoff through the
externality in costs —i.e., all capital providers rely on the common price signal to make real in-
vestment decisions, and therefore each capital provider can predict this common-signal-based
aggregate investment without any error. Since this distortion of using information is driven
by externality, a stronger externality makes this distortion more severe (i.e., %% > 0).

A higher precision 7, of the common price signal implies a stronger role of the price signal
in determining real efficiency, and thus, when ~ is sufficiently large so that the inefficient

use of information is sufficiently strong, increasing 7, can harm real efficiency through the

channel of inefficient use of information (i.e., the externality channel).

6 Efficiency Implications of Private Signals: The (Mis)Match
Channel

6.1 The Effect of T,

In this subsection, we conduct comparative statics analysis with respect to parameter 7,
the precision of speculators’ information about factor a that capital providers do not care
to learn. This corresponds to a thought experiment that speculators can acquire more
information about a due to some exogenous shocks to the economy such as changes in

disclosure regulation rules or in information-acquisition technology. We focus on economies
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in which 7, is small, which is arguably empirically relevant, because the whole idea of
feedback effects is that traders have imprecise information, but after aggregation, the price
can be quite informative.

As 7, increases, the signal Z; becomes more informative about the factor a, and thus
speculators would like to trade more on this signal than the other signal ¢; about the other
factor f. This tends to reduce the relative weight ¢ that speculators put on §; in their
trading strategies; that is, g—i < 0 when 7, is small.

The effect of 7, on the precision 7, (of information that capital providers can learn
from the price) is more subtle. There are two competing forces at work here, as shown
by the expression of 7, in (18). First, there is a positive direct effect: An increase in 7,
makes speculators’ information ; closer to the true realization of @ which capital providers
know and thus can better extract the information about f in the price variations driven by
speculators’ trading. Second, a change in 7, also changes the value of ¢, which creates an
indirect effect on 7,: Increasing 7, will reduce ¢, and thus speculators trade less aggressively
on their information about f , reducing the price informativeness about f .

We can show that when 7, is small, the negative indirect effect dominates, so that capital
providers learn less about f as 7, becomes larger. This result can be best understood by
examining the case of 7, = 0. In this case, the signal z; provides no information regarding
a, and so they will no longer rely on signal Z; in forming trading strategies. As a result,
their aggregate trading is only a signal about factor f, which makes the price become most
informative about f (i.e., 7, approaches its maximum 7,7¢). Thus, at this moment, making
7. slightly positive will reduce the price informativeness about f . That is, g%: < 0 when 7,
is small.

This implication for 7, can be directly translated into implication for real efficiency RE
by Proposition 3. That is, when the externality level 7 is small in capital providers’ cost
functions (so that the externality channel is almost shut down), increasing 7, will reduce real
efficiency through decreasing 7,; and when the externality level v is large in capital providers’
cost functions, increasing 7, will increase real efficiency, since RE negatively changes with
Tp-

Regarding the market-efficiency implication of changing 7,, the proof is more compli-
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cated. Still, we can provide a sufficient condition for M FE to increase with 7,. That is, when
the level of noise trading 7_15 is small in the economy, an increase in 7, will improve market
efficiency. This result is intuitive: Increasing 7, is equivalent to injecting more information
into the economy; when the noise trading level is small, the market aggregates information
effectively, and so market efficiency improves. We summarize the above discussions in the

following proposition.

Proposition 4 Suppose the supply elasticity X is high. When the precision T, of speculators’
private signals about factor a is small, an increase in T,
(a) decreases the relative weight ¢ on private signals about the other factor f in speculators’

trading strategy (i.e., 22 < 0);

? Oty

(b) decreases the precision T, that capital providers learn from the price regarding the factor

f (ie., 22 <0);

’ 0Ty

(c¢) decreases the real investment efficiency RE if there is not much externality in capital

providers’ cost functions (i.e., %IE;E < 0 if v is small); and
(d) increases the market efficiency M E if the level of noise trading 7_15 is small (i.e., 88]\/[% >0

?:ngZ 1)

Figure 2 graphically illustrates Proposition 4. Here, we simply set the precision of all
random variables (other than &,; of interest) to be 1; that is, 7, =7y =7, =7, = 7¢ = L.
We also arbitrarily choose ¢g =1 and § = % The patterns are quite robust with respect to
changes in these parameter values. In this example, we set v = 0 to remove the externality
in capital providers’ cost functions, so that the externality channel is shut down and the
information precision 7, that capital providers learn from the price is a good proxy for real

efficiency.
[INSERT FIGURE 2 HERE]

We see that as Proposition 4 predicts, when 7, is small, increasing 7, will decrease ¢,
7p and RE, and will increase M E. We also find that when 7, is relatively large, 7, and
RE actually increase with 7,. This reflects the two offsetting forces of 7, on 7, as we
mentioned earlier. One the one hand, increasing 7, directly increases 7,, and on the other

hand, it indirectly decreases 7, through reducing ¢. When 7, is very small, we know that
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the negative indirect effect dominates. By contrast, when 7, is very large, the positive direct
effect dominates. Again, this can be best understood by looking at the limiting case of
T, — 00: As 7, approaches to oo, the factor a almost becomes a common knowledge, and
so the order flow of speculators reflects most information about the factor f, which benefits

capital providers’ real decision making.

6.2 The Effect of T,

Now we examine the trading and efficiency effect of parameter 7, the precision of speculators’
information about factor f that capital providers care to learn. An increase in 7, makes
speculators’ signals ¢; more informative about factor f , which causes them to trade more
aggressively on ¢;; that is, g—f; > 0.

Increasing 7, has two positive effects on the precision 7, of the information that capital
providers can learn from the price. The first is a direct effect: A higher 7, means that
speculators have more accurate information about factor f , which in turn makes the price
more informative about f. The second positive effect occurs through the effect of T, On ¢.
That is, an increase in 7, causes an increase in ¢, namely speculators trade more aggressively
on their information about f and hence the price is informative about f. Both effects tend
to increase 7,, and so g% > 0.

Again, by Proposition 3, the effect on 7, can be readily translated into the effect on real
efficiency RE: When the externality level v is small in capital providers’ cost functions,
increasing 7, will increase real efficiency through increasing 7,; and when the externality
level v is large in capital providers’ cost functions, increasing 7, will decrease real efficiency
through increasing 7.

Finally, we can show that for sufficiently small 7,, increasing 7, improves market effi-
ciency in markets with low levels of noise trading (and hence effective information aggre-
gation). The intuition is again the same as in the standard model: Increasing speculators’
information precision helps price discovery through their trading, and thus market efficiency

gets improved. We summarize the above results in the following proposition.

Proposition 5 Suppose the supply elasticity X is high. Then, an increase in T,
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(a) increases the relative weight ¢ on private signals about factor f . speculators’ trading

strategy (i.e. >0);

’87’

(b) increases the precision T, that capital providers learn from the price regarding factor f

(e g2 > 0);

(c) increases the real investment efficiency RE if there is not much externality in capital

8RE

providers’ cost functions (i.e., < 0 if v is small); and

(d) for a sufficiently small T,, increases the market efficiency M E in markets with low levels

aME

of noise trading (i.e., for small T, > 0 if 7¢ is large).

Figure 3 graphically illustrates Proposition 5. As in Figure 2, we set the precision of all
random variables other than &,; to be 1; that is, 7, = 7y = 7, = 7, = 7¢ = 1. We choose
=1 0= %, and v = 0. We see that, consistent with Proposition 5, all four variables

¢, 7p, RE, and M E increase with 7,,.

[INSERT FIGURE 3 HERE/]

6.3 The Importance of Feedback Effects and Two-Dimensional Uncertainty

We now show that two key features of our model are essential in driving the contrasting
implications of 7, for market efficiency vs. real efficiency in Proposition 4. The first feature
is the feedback effect from prices to investments through capital providers learning from
prices. The second one is the two dimensional uncertainty (@ and f ) in investment technology
and capital providers knowing more about one factor @ than the other factor f relative to
speculators.

Specifically, we conduct two exercises. In the first exercise, we set 7y — oo and keep
T, < 0o. In this case, factor f becomes publicly known in the economy and capital providers
no longer learn from prices (which therefore shuts down the feature of feedback effects), but
speculators still trade on their private information about factor a. Capital providers now
know perfectly the two factors and make real investments without reference to the price,
and thus real efficiency is not affected by 7, and 7,, the precision of speculators’ private
information about a and f , respectively. Market efficiency does not change with 7, either,

because f is common knowledge in the trading game and prices have already perfectly
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reflected f . We can show that market efficiency still improves with 7,: Recall that now our
model degenerates to the standard setup in which cash flows are not affected by prices; since
f is public information, speculators trade only on information about a, and thus as in the
standard model, if they have more precise information about a, the price will be closer to
the fundamental.

In the second exercise, we set 7, — 0o and keep 7y < 00, so that factor a becomes
public information (which therefore shuts down the feature of two-dimensional uncertainty),
but capital providers still learn information regarding f . In this economy, given that a
becomes public information, speculators no longer rely on private signals T; to make financial
investments, and so their trading and prices are not affected by the precision 7, of their
private signals about a. As a result, the price informativeness about fundamental f and
the learning process of capital providers are not affected by 7,; that is, market and real
efficiency measures are not affected by 7,. Since capital providers still learn from prices, as
in Proposition 5, both real efficiency and market efficiency improve with the precision 7, of
speculators’ private information about f .

Formally, we have the following proposition.

Proposition 6 Suppose the supply elasticity A is high.

(a) If Ty — 00 and 7, < 0o, then (i) real efficiency is not affected by T, and market efficiency
increases with 7., and (i) both real efficiency and market efficiency are not affected by 7,;
(b) If T, — o0 and Ty < oo, then (i) both real efficiency and market efficiency are not
affected by 7., and (i) market efficiency increases with T,,, and if the externality v is small

enough, real efficiency increases with T, as well.

7 An Extension: Capital Providers Do Not Know a
Perfectly

In the model analyzed in previous sections, we have assumed that capital providers know
factor a perfectly and only have noisy signals about factor f, so that they only care about

the price’s informational content about f . In this section, we extend our model by assuming
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that capital providers do not know both factors perfectly, and show that all our results in
Propositions 3-5 go through as long as capital providers wish to learn one productivity factor
more than the other.

Specifically, we now endow each capital provider j with two signals

Zi=a+E,and §; = f + &,
where &, ; ~ N (0,1/7,) (with 7, > 0) and &,; ~ N (0,1/7,) (with 7, > 0) and they are
independent of all other random variables. We keep intact all the other features of the model.
Our baseline model corresponds to the case of 7, = oo.

We still consider trading strategies that speculators buy the asset if and only z; 4+ ¢y; > g,
where ¢ and g are endogenous parameters determined in equilibrium. So, their aggregate
demand D (d, f) is still given by equation (14), and the market clearing condition still
implies a price function P (d, f,€ ) in equation (15). However, because now capital providers
do not observe a perfectly, the price is no longer a signal about f given by (16); but instead,
it is a signal about both a and f as follows:

gea:t —

“ +f+é,,

aSHESE

where &, is still defined by (17).
Each capital provider j’s optimal investment decision is:
BE (AF 5.5, 5;;“)

COE (K7| ,gj, §j7 §;xt) ’

* = C
k) = argmax B (8AFk; - KK

~ ~ ~ext) __
CL,Sj,Sp )—

We will conjecture an investment rule of
ky = exp (ho + h.Zj + he8; + hp55™)

where h’s are endogenous parameters. We can show that the characterization of the equi-
librium boils down to one equation in terms of the ratio Z—z However, the complexity of
the inference problem in this economy precludes a full analytical characterization of the
equilibrium, and therefore we rely on numerical analysis.

In Figure 4, we examine the implications of 7,, the precision of speculators’ private
information about factor a. We still set 7, = 7y =7, =1, 8 = %, and ¢g = 1. We set
7, = b and 74 = 1, so that capital providers know more about factor a than factor f . In

the upper Panels (al)-(a3), we set v = 0, and in the lower Panels (b1)-(b3), we set v = 5.
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So, this exercise is a robustness check for Propositions 3 and 4. We see that the upper
panels are consistent with Figure 2: When 7, is small, increasing 7, reduces real efficiency
and increases market efficiency; when 7, is large, increasing 7, increases both efficiency
measures. Also, consistent with Proposition 3, we see that once v becomes large, the real

efficiency implication gets reversed in the lower panels.
[INSERT FIGURES 4 AND 5 HERE.]

In Figure 5, we examine the implication of 7, the precision of speculators’ private infor-
mation about factor f. The other parameter values are the same as in Figure 4. Again, the
upper panels are consistent with Figure 3 — that is, both real and market efficiency increase
with 7, if v is small. In the lower panels where v is large, the implications for real efficiency

gets reversed, manifesting that the externality channel is at work.

8 Conclusion

Market efficiency is often argued as a good proxy for real efficiency. In this paper, we examine
whether and when this argument is valid. We emphasize two channels that determine the
link between these two efficiency measures. First, the investment externality among real
decision makers can bias the relative weights that they put on the differential private vs.
common price signals relative to the first-best benchmark investment policy. When the
price becomes more informationally efficient, the precision of the common price information
becomes higher, and the efficiency loss caused by the inefficient use of information becomes
larger too. This negative effect can be so strong that real efficiency and market efficiency
move in opposite directions. Since this effect originates from the externality in investments,
we label it as the “externality channel.”

Second, at a more basic level, market efficiency and real efficiency are simply two differ-
ent concepts. Market efficiency concerns whether the price of a traded security accurately
reflects its future value, while real efficiency is about whether real decision makers are taking
value-maximization actions. These two concepts are aligned (in the absence of externality)
only when the information revealed by the price is also the information that real decision

makers care to learn the most. We formalize this idea in a two-factor model where real
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decision makers know more about one factor than the other. When a financial market incor-
porates a lot of information about the factor that real decision makers have already known,
market efficiency improves, but real efficiency deteriorates. Only when the market aggregates
information that real decision makers care to learn, do market efficiency and real efficiency
move in the same direction. We refer to this second channel as the “(mis)match channel.”

Our analysis has important implications for regulations and empirical research. Various
regulation policies encourage private information acquisition with an intention of improving
market efficiency (see the discussions in Gao and Liang (2013)). According to our analysis,
the link between market efficiency and real efficiency is delicate. If regulation policies are
not carefully designed, it is plausible that real efficiency deteriorates although market effi-
ciency improves. A vast empirical literature is devoted to examining how changes in trading
environments (such as caused by regulation rules) affect informational efficiency of financial
markets (e.g., see Beyer, Cohen, Lys, and Walther (2010)). It remains interesting to see
how real efficiency and market efficiency are related to each other in these empirical set-
tings. A recent study by Bai, Philippon, and Savov (2013) has made considerable progress
toward this direction by documenting that both market efficiency and real efficiency (due
to learning from prices) have remained stable in the U.S. over the last several decades. We
think that theoretical analysis like the one provided in our paper can be helpful in guiding
such empirical analysis and interpreting its results, in that our theory attempts to spell out
explicitly what is the link between market efficiency and real efficiency and how it depends
on the underlying environment.

Before we conclude, we make two remarks about our analysis. Our analysis has focused
on real investment efficiency and does not provide a full welfare analysis. Conducting such
an analysis would require endogenous noise trading as in Dow and Rahi (2003). We abstract
this issue mainly for technical consideration, because otherwise, the loglinear structure of
the model cannot be easily maintained. Our analysis can be viewed as the first step toward a
full welfare analysis, similar as what we do in the standard economics textbook: Production
efficiency is a necessary condition for welfare maximization.

Second, in our analysis, financial markets affect real economy through the channel that

real decision makers learn information in the asset price to guide their decisions. This is
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motivated by the empirical findings that firms indeed learn from prices (e.g., Chen, Goldstein,
and Jiang, 2007; Bakke and Whited, 2010). There are other channels at work in reality, such
as the contracting(incentive) channel that firm managers’ contracts are contingent upon the
prices and so their incentives to take real decisions are affected by the price (e.g., Holmstrom
and Tirole, 1993; Dow and Gorton, 1997; Edmans, Heinle, and Huang, 2013). It would be
interesting to examine how introducing these other channels into our framework affects the
link between market efficiency and real efficiency. We leave all these important questions for

future research.

Appendix: Proofs

The Notations of o(-) and O (-)

Our proofs are frequently involved with the order argument for a particular process. We here
introduce the following two notations, o(:) and O (-). Specifically, consider two univariate
functions fi () and f> (z) and the process of x — Z, where Z is some real constant or +oco.
If lim, .5 % = 0, then we denote f; = o(f2), meaning that if f; and fy converge then f;
converges at a faster rate than fo does. If lim, .z % is bounded (but different from 0),
then we denote f; = O (f2), meaning that if f; and f, converge, then they converge at the

same rate.

Compute Market Efficiency M E

By (8), we have
2

- h -
v=logV =log(l—0)+ <h0+2;>+(ha+1)a+(hs+1)f+hp§p. (A1)

Define the linear log transformation of P in (15) as follows:

D=0+ 7T+ g =+ 9, (A2)
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Then, we can compute:

1 1 h
Yy = Var(0) = (he +1)° =+ (hs + hy +1)> — + 2, (A3)
Ta Ty Tp
1 1 1
Y, = )= —+¢* [ —+ — A4
p = Vo) =+t (), (A1)
. 1 1 hyo
Yop = Cov(0,p) = (ha +1)— + (hs + by + 1) p— + —. (A5)
Ta Ty Ty
By the expressions of hA’s in equations (24)-(26), we can further compute:
S 2 N (LB LY R R PR PR e 2
T (14 T+ (Tt Totam)t
+2 /1
y+1\7. 7y

. . Lup .
So, market efficiency is M E = T where ¥,, ¥, and ¥, are given by (A4), (A6), and

(A7), respectively.

Proof of Proposition 2

(a) Taking derivative of (37) with respect to hg, hq, hs and h,, respectively, yields:

E(Q™) = E(C™)(r+2). (A8)
~ hort 11 5 92 2 hopt
E <Qopt> ( a + ) - F (Cvopt) (P}/ + ) a ’ (A9)
Ta Ta
— (’y+2)2(hgpt+tht) -
B hopt + hopt + 1 hopt ~
opt S p S — opt Tf
£ (@) ( T ) B(e) T
: (’y+2)2(hgpt+tht) :
5 hopt + hopt + 1 hopt _
E opt S p p — E opt Tf ) All
<Q )( Tf + Tp) (C > _'_('Y+2T)2h§pt ( )

Plugging (A8) into (A9), we can compute h%" = ﬁ Plugging (A8) into (A10) and

(A11), we can cancel E <Q"pt> and F (C"’pt> to obtain two linear functions and compute

hPt and hoP'. After we compute hP*, h, and hoP*, we can plug them back into (A8) to

obtain the expression of hi"".
(b) By the envelope theorem, we have

@) () O ()

dr, 2\ 2 2
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Then, using (Q"pt> =F (C"’pt> (v +2) in (A8), we have

opt hopt 2 ~
arE™_ (1) (7+1)(7+2)E(C°pt) > 0.

dr, 27'}27

Proof of Proposition 4

Suppose A — oo. We first establish the properties of ¢ and 7, as 7, — 0. By (34), when

A — 00, ¢ is determined by

Ts _|_ Tp _|_ 1 Ty
TrAT AT ANTs (14 (Tp et T+ TrHTy
p= pT— . (A12)
I+y 70472

By the expression of 7, in (18), we know that 7, is bounded. As a result, as 7, — 0, we

have ¢ converges to oo at the rage of %; that is,
1
6=0 (_) | (A13)
TQ}

So, by (18),

2

B O THTyTe

Tp = 2
Ty + @77y

Proof of Part (a). Applying the implicit function theorem to (A12), we can show:

=T1,7¢e +0(1). (A14)

TftTp+Ts+yTs

i 1 TszijE 3 ¢27'ac > — 1 + ¢
T T
BL) Ta Tf+fp+is+wfs + (1+7)( . ) +1 (1++) (Tf+Tp+Ts +'y‘rs) (Ty+¢27'z) TatTa

0T, 1— 1 27yTETe $*7a

Ts Tp 1 2 2 2
TrtTptTs TS +(1+'Y)<Tf+7'p+75+77's> +1 (14+) (Tf—|—7'p+7's+’77's) (Ty—I—(Z) Tx)

(A15)
By (A13) and (Al4), we have lim, g $*1, = oo and lim,, T, = TyT¢. Inserting these

limiting results into the above expression of % in (A15), we can show

@¢:_£+£+O(i), (A16)

0T Te Ta Ta

So, as 7, — 0, we have 2 — —cc.
) ) 87';13
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Proof of Part (b). By the expressions of 7, in (18)
oty o PPreryTe 0(07°70)

0
= TyT¢ i ) (2¢87ﬁb Ty + ¢2>

n (A16), we can compute:

(Ty + gszx)
_ Ty o0 (L 2
Sk o (2(/5( L.l —i—o(ﬂ)) " )
- W (21 0(4).
TyTg (Ty+¢2Tx)2 ( o" + (¢))
Using ¢ = O <i> in (A13), we have:
Ot TyTeTy 2
= —=—=—= (- O
0T, (Ty +¢271)2 ( s (¢))
[ TuTyTe 2 \2 1 1
( o ony O ) @y oW
___TyTyT¢
= &m0 ™ +o0(1). (A17)
So, as 7, — 0, we have <0

Proof of Part (c). This result follows directly from Part (b) and Proposition 3.

Proof of Part (d). By the expression of ¥, in (A7), direct computation shows:

+2
dlog¥,, 0D 9

ory (2+_'y> Ta+¢ 2 01,

14+ (v+1)

Then using the expression of % in (A16), we can show:

dlog ¥, 1 1
vlo82wp .~ 2 TS
aTx Tx Ta ¢T:c7_a

+o(1). (A18)
By the expression of ¥, in (A4), we have:
0 2 oTp
ologz, (L +2)3+e(-5) 5
)

Then, using equations (A13), (A14 (A17) we can compute:

1
16) an
% ( i) TyTyT¢ +o (1) ‘ (A19)
Tx T

o7y Tp Tf + Tp ¢ 7':1:) Ty
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Similarly, by the expression of ¥, in (A6),

37f+3‘rp+57'3+2’ny+2'yTp+7'yTs+2’yQ‘rS
0 log Xy - Tf+Tp+Ts+YTs 87—70

2 2 *
o1, 247)* (T p+7p+7s+7s) n (A+7)7 4247 (Tpt7s+775)) 47575 OT
Ta Tf

Then, using g%: in (A17) and the fact that 7, is bounded, we have:

9oz S 3T +3Tp+5Ts+29T f+29Tp+TYTs+2v2 7
0g 2uy T+7p+Ts+Y7s TyTyT
= ANl anlAiL vIiTE 15 (1), (A20)

074 e (rrtrpiretrs)’ | (et Grtretrr)) by ($°70) T
Ta T

So, by the definitions of M E in (36), we have:
dlogME  dlog¥%,, 10logy, 10logk,
0T 0T 2 07y 2 01,
Plugging equations (A18)-(A20) into the above equation and using the fact of 7, = 7,7¢ +

o(1) in (Al14), we have:

Olog M E TyT
S =T, T TpsTf,Ta, Ty ) —at— 4+ 0(1). A21
7. (¢ pTf ’Y) (QbQTx) . ( ) ( )
where
TiOT, 1 Tf
T x) ) ylay ! sy = - - 5 _ -
(& 7o Ty T3 Tar T ) TaTpTy 2TpT§+Tp
1 3T f+3Tp+5Ts+29T 29T+ Ty Ts 29275
Ts+Tp+Ts+YTs
+= KL . A22
2 (2+7)2(Tf+7p+7s+ws)2 ( )
n (A4 7+ @+ (Tp+7s+776)) 4757
Tf
So, m%g% > 0 if and only if T (¢, 74, Tp, Tf, Tas Ts, ) > 0.
By (A12), we have

bro = (L+7)7+2+7) (Tp+7s +77s) TyTa
Q+Y)(Ts+Tp+Ts+Ts) TrHTy
So, the bracketed term in 7' (¢, 74, Tp, T ¢, Ta, Ts, Y) 18t
797 1 7y
TaTpTy 2TpT§+Tp

+o0(1). (A23)

1
_ Tf 2(1"’—7) 1 Ts+m71’ _Tf+Ty +0(1)
21, (T +7y) 2+ Tr+7,+ (1 +7)7s T+ Tp
So, if
M<1(:>Ty<rp (A24)
T+ Ty

then 227 — L _Tf - 0 and hence T (@, Tay Tps Tf,Tas Ts,y) > 0. Given 7, = 7,7¢ +0 (1)

TaTpTy 2Tp TF+Tp
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in (A14), we know

Ty <Tp&Te>1a57, = 0. (A25)

Proof of Proposition 5

Proof of Parts (a)-(c). By the expression of 7, in (18), we can show

or, 27,7y 0o Tp¢27'm
= + ) A26
ory ¢ (Ty + ¢2T:C) oty Ty (Ty + ¢2Tﬂ>) (426)

When A\ is large, ¢ is still determined by (A12). Using the implicit function theorem and

the expression of g—:z in (A26), we have

’ rat’rs bl )
0P _ ((1+'Y)Tf+(2+'y)(Tp+Ts+'Y7—s))(Tf+7—p+7—s+'y7-s><7-y+¢27_m) TiHTy ) Ty . (A27)

87_ i 2TpTyTf
Y (ry+¢%72) (A7 s +@+7) (Tpt7s+778) ) (T +Tp+Ts+77s )

Since (Ty + qbQTx) > Ty, (247) (Tp + 75 +77s) > 27y, and (75 +7p + 75 +y75) > Ty, We

know (7, + ¢*7,) (L+ ) 7p + (24 7) (Tp + 75 +775)) (T4 + Tp + 75 +775) > 27,77, and
thus the denominator in (A27) is positive. Therefore, 68—7‘72 > 0 in Part (a). By (A26), we

Op
Oty

have > 0 in Part (b) as well. The result on real efficiency in Part (c) follows directly

97p

from o

> (0 and Proposition 3.

Proof of Part (d). Using equations (A7), (A4), and (A6), we can compute:

dlog %, 1 1 0¢
— - 7 A28
oty % + % 74 0T, (A28)
1 1) 09 2 1) O7p
olgx,  W(E+E)E e (F) 5
0 B 1 2 (1 1 ’ (A29)
E St (5 +3)
1 Tf (37‘f+3‘rp+57's+2’y‘rf+2'y7'p+7'y‘rs+2’yzrs)
Blog Ev . Tf(1+'7)2 (Tf—l—Tp—l—Ts-‘r'yTs)S an (A?)O)
or, @492 | (7@ (Tptratyra)) 4y, 0Ty
Ta(147)° Tf((1+7)(7f+7p+75+775))2
Now let us check their orders as 7, — 0. By (A12), we have
y
1 a x 2 S S
7T (Y +2) (75 + 7o +775)
and by (18),
Tp= @ ToTe + 0 (Tz) . (A32)
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So, the expression of aa—f’y in (A27) implies:

9 ¢
8_Ty - T—y—f—O(l). (A33)

By (A32), (A33) and (A26), we have:
242
0Ty O TLTe ,

(7y) - (A34)

oty Ty
Equations (A28) and (A33) imply:
Jdlog X, Ta ﬂ

= 1). A
0Ty Tny+0( ) (A35)
Equations (A26), (A29), (A32) and (A33) imply:
log & ?
Olog%, _ . ¢ TaTs o(1). (A36)
Ty T2 (Tq + ToTe)
Equations (A30), (A32) and (A34) imply:
dlog ¥,
- . A
== 0(r) (A7)

So, by the expression of M E in (36):
Olog M E dlog¥,, 10log%x, 10logk,
oty oty S 2 oty S 2 oty
w0 1 T,

S A L E—— Y
Ty Ty 275(%—1—7175)—{_0()

('7+1)(7—a+7—x)(7—f+27—s+'77's) . . .
) CPE—— + o0(1) by (A31). So, if 7¢ is sufficiently large,

Jlog ME
0Ty

Note that % =

¢27—a7'z

1
= > 0.
2 T2 (Ta+TxT§

) — 0, and thus we have

Proof of Proposition 6

Proof of Part (a). Suppose 7y — oo and 7, < 00, so that capital providers do not learn
from prices but speculators still trade on information about a.

By equation (Al12), we have ¢ — 0 as 7y — oo for any given positive 7, and 7.
(This makes sense, since speculators no longer rely on ¢; to form trading decisions, given

that they know f perfectly and that §; is a noisy signal of f.) So, equation (18) implies

- P TeTyTe
P ry+eiTs

— 0 as 7y — oo. That is, given capital providers now know f perfectly, they
no longer learn from prices to glean information regarding f . As aresult, 7, and 7, do not

affect 7, and real efficiency (recall that 7, and 7, affect real efficiency only through 7).
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By equations (A4), (A6) and (A7), we have as 7; — 00,
1 2 (ry+8°1a 11
Y, = —+ <¢_+M) - 4+

Ta Ty TaTyTe Ta  TaTe
2
y o 2+ N
Ta(1+7)
2/1 21
s, — 1r2(L 2y o+21
y+1\7. 7y y+17,
So, ME = —22 —, "¢ Thus, an increase in 7, will increase M E and an increase

/ZoZp TatTzTg

in 7, has no effect on ME.

Proof of Part (b). Suppose 7, — o0 and 7y < co. By equation (A12), we have ¢ — oo as
T4 — 00. (This makes sense: Given that Z; is useless when a is perfectly known, speculators’

trading strategy depends only on §,;.) So, for any fixed 7, > 0 and 7, > 0, we have

- ¢>27'I7'y75
P Ty+¢27'7:

— T,T¢, and thus, 7, and real efficiency are not affected by 7, and they are
positively affected by 7,. Since 7, and 7, affect real efficiency only through 7, and since real
efficiency improves with 7, only when v is small, we know changing 7, does not affect real
efficiency and increasing 7, improves real efficiency for a sufficiently small ~.
By equations (A4), (A6) and (A7), as 7, — oo, we have:
o Lo (bd) o D)o
(L +9) 75+ (24+7) (TyTe + 75 +975))° + 7477

Y, = 5 +o(1),
T ((L+79) (75 + 7yTe + 75 +7975))
S = 7_+2£+0(1).
’Y+1Tf
y+2 1
So, ME = —22_ — AT +0(1).

\/szp J ( ((1+w)-rf+(2+“/)(T?!T§+TS+WS>>2+TnyTE ) (L+;)

p) T
Tf((1+’Y)(Tf+‘ry‘r§+7's+v‘rs)) foTuTe
Thus, as 7, — 00, 7, does not affect M E. Direct computation shows
2
D) ((1+'y)‘rf+(2+’y)(TyT§+TS+'y‘rs)) +TpTyTe (L 1 )
2
Tf((1+"/)(Tf+7'y7'§+7'5+’y7’5)) Tf TyTe

oty

<0,

and hence, increasing 7, increases M E.
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Figure 1: Market Efficiency and Real Efficiency

(D) Market Efficiency
Price p accurately

A4

reflects the future value
U of the asset.

Trading Parameters A
T, the precision of :
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noise trading v
A: supply elasticity Real Efficiency
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= T, + $2T, investments.
The precision of the price 0

—_— ~
(ii) (Mis)Match information about factor f that

(iii) Externality
Channel

Channel capital providers care to learn.

This figure illustrates how trading can affect market efficiency, the information learned by
capital providers from the price, and real investment efficiency.

42



Figure 2: The Effect of t,
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Figure 2 plots the trading and efficiency implications of the precision 7, of speculators’ private
information about factor a that capital providers do not care to learn. 7,, is the precision of
speculators’ private information about factor f that capital providers wish to learn. T, and Ty are
the prior precisions of factors @ and f. 7, is the precision of capital providers’ private
information about factor £. T¢ is the precision of noise trading. A is the noisy supply elasticity. g
is the fraction of output captured by capital providers. ¢, controls the size of the cost relative to
the output. y is a parameter controlling the negative externality in capital providers’ cost
functions. The parameter values other than 7,, are fixed as follows: 7, = 7, = 7, = 7, = 7, = 1,
p=1/2, ¢, =1,y=0,and A = 2.
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Figure 3: The Effect of 7,
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Figure 3 plots the trading and efficiency implications of the precision 7, of speculators’ private
information about factor f that capital providers care to learn. 7, is the precision of speculators’
private information about factor @ that capital providers know perfectly and do not care to learn.
7, and 7 are the prior precisions of factors @ and f. 1 is the precision of capital providers’
private information about factor f. ¢ is the precision of noise trading. A is the noisy supply
elasticity. £ is the fraction of output captured by capital providers. ¢, controls the size of the cost
relative to the output. y is a parameter controlling the negative externality in capital providers’
cost functions. The parameter values other than t, are fixed as follows: 7, = 7y = 7,, = 7, =
7 =1,=1/2, ¢c=1,7=0, and A = 2.
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Figure 4: The Effect of t, in Extended Economies
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Figure 4 plots the trading and efficiency implications of the precision 7, of speculators’ private
information about factor a in the extended economies in which capital provider do not know a
perfectly. 7, is the precision of speculators’ private signal about factor f. 1, and 14 are the
precisions of capital providers’ private information about factors a and f , respectively. 7, and ¢
are the prior precisions of factors @ and f. T¢ Is the precision of noise trading. A is the noisy
supply elasticity. S is the fraction of output captured by capital providers. c, controls the size of
the cost relative to the output. y is a parameter controlling the negative externality in capital
providers’ cost functions. In all panels, we sett, =1, =1, =1, =7; = 1,7, =5, f=1/2,
co = 1, and A = 2. In the upper panels (al1)-(53), we set y = 0, and in the lower panels (b1)-(b3),
we sety = 5.
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Figure 5: The Effect of 7,, in Extended Economies
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Figure 5 plots the trading and efficiency implications of the precision 7,, of speculators’ private
information about factor f in the extended economies in which capital provider do not know d
perfectly. 7, is the precision of speculators’ private signal about factor @. t, and 74 are the
precisions of capital providers’ private information about factors @ and f, respectively. T, and 5
are the prior precisions of factors @ and f. ¢ is the precision of noise trading. A is the noisy
supply elasticity. S is the fraction of output captured by capital providers. c, controls the size of
the cost relative to the output. y is a parameter controlling the negative externality in capital
providers” cost functions. In all panels, we sett, =1, =1, =1, =7, = 1,7, =5, f=1/2,
co =1, and A = 2. In the upper panels (al)-(53), we set y = 0, and in the lower panels (b1)-(b3),
we sety = 5.
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