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Abstract

This paper studies how falling fees for delegated investments affect price efficiency in a
theoretical framework, in which the investors’ allocations, management fees, and asset
prices are all determined in a general equilibrium. Importantly, investors optimally
decide whether to participate in the financial market or simply hold the safe asset, and
active managers trade strategically, adjusting the traded quantities according to market
liquidity. Perhaps surprisingly, and in contrast to the broad theoretical literature, prices
of the index fund become more efficient as passive fees decrease and more investors
choose the uninformed index fund. Prices can become more efficient even when the
inflow to passive funds comes at the expense of the outflow from active funds, as has
been the case more recently since 2007. Combined with the observed downward trend
in fees, the finding is consistent with recent empirical evidence that prices, especially
those of S&P 500, have become more informative over time.
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Delegated investments in the United States have been growing substantially over the past
few decades. Individuals have been moving away from direct ownership towards institutional
investments, with the fraction of individual ownership falling from 48% of the equity market
in 1980 to 20% in 2010 (French (2008); Stambaugh (2014); Garleanu and Pedersen (2019)).
Especially pronounced in this growth is the rise of passive management. Passive mutual
funds and ETF's such as index funds grew from 2% of the U.S. equity market capitalization
in 1998 to about 14% in March 2020 (Appel et al. (2016); Anadu et al. (2019)). Fees and
expenses have continually declined, especially for passive funds. Average fees and expenses of
mutual funds fell from about 2% in 1980 to 1% in 2006, and average passive fees fell from 30
basis points in 1990 to 13 basis points in 2019 (French (2008); Morningstar (2020)). While
low-cost index funds allows more investors to participate in the financial market cheaply,
without having to pay for specific market timing or stock picking skills, it raises concerns
that the surge of passive investing, and thus the increased importance of uninformed capital,
may harm price efficiency of the financial market, hampering its key role of aggregating and
transmitting information for the broader economy (Hayek (1945); Bond et al. (2012)).

This paper studies how falling fees for delegated investments affect price efficiency in a
theoretical framework, in which the investors’ allocations, management fees, and asset prices
are all determined in a general equilibrium. Importantly, investors optimally decide whether
to participate in the financial market or simply hold the safe asset, and informed (active)
managers trade strategically, adjusting the traded quantities according to market liquidity.
Perhaps surprisingly, and in contrast to the broad theoretical literature, prices of the index
fund become more efficient as passive fees decrease and more investors choose the uninformed
index fund. Prices can become more efficient even when the inflow to passive funds comes at
the expense of the outflow from active funds, as has been the case more recently since 2007.
Combined with the observed downward trend in fees, the finding is consistent with recent
empirical evidence that prices, especially those of S&P 500, have become more informative
over time (Bai et al. (2016); Farboodi et al. (2020); Davila and Parlatore (2020)).!

In a nutshell, price efficiency is mainly governed by the number of active investors and the
liquidity with which their managers trade on their information, both of which are determined
in equilibrium. Participation of passive investors affect price efficiency by improving liquidity
for active managers, which in turn raises the value of investing with those managers and thus
increases the number of active investors. While the equilibrium effects on liquidity and the
number of active investors depend on specific comparative statics since the increase of the

latter deteriorates the former, overall price efficiency, which is determined by the product

!Bennett et al. (2020) on the other hand show evidence that individual stock’s prices have become less
efficient. See also Sammon (2020).



of the two, tends to increase. These effects of participation are absent in the competitive
benchmark, in which managers take prices as given since they trade as if the market is always
perfectly liquid and thus do not respond to liquidity provided by passive investors. Hence,
unlike in the competitive benchmark, in which price efficiency essentially is unaffected by
passive investors and must decrease as fewer investors choose active managers, participation
of passive investors in fact play an active role in determining price efficiency and can improve
rather than hamper price efficiency.

In the model, investors choose mainly among three options: they can hold the safe asset,
invest with passive managers, or invest with active managers. Focus for now on active
managers who trade the index fund using their private information to time the market,
while the analysis easily extends to allowing other types of active managers who specialize
in stock picking with or without private information. To invest with either passive or active
managers, investors first pay a cost to search and vet them and then negotiate a management
fee. Then all managers trade, incurring per-investor trading costs, with exogenous noise
traders, which may represent direct trading by individual investors. While passive managers
trade competitively, consistent with small uninformed investors frequently buying and selling
the index funds without price impact, especially for the ETFs, active managers attempt
to time the market accordingly, taking into account the price impact of trade for all of
their investors. In equilibrium, fees for passive and active investments, determined so that
investors are indifferent among saving and passive and active managements, reflect the search
cost for investors and the trading cost for managers.

The main results concern the comparative statics of price efficiency as trading and search
costs. First, as trading costs decline, both passive and active fees decline, while the fee spread
between the two remains constant, and prices become more efficient. As fees decline, it
becomes cheaper to participate in the financial market, and naturally, more investors choose
passive managements rather than saving. The increased participation improves liquidity
for active managers, since the aggregate demand from passive managers can better absorb
the trade by active managers, who then face an increasingly flatter supply curve. The
improved liquidity, in turn, makes investing with active managers more attractive, since
active managers can trade a larger quantity and better take advantage of their private
information. When choosing between passive and active managements, investors trade off
the additional value created by active managers relative to passive managers (i.e. the value
of information), with spread between active and passive fees. Since the falling trading costs
increase the value of information through improved liquidity but do not affect the spread, the
number of active investors as well as that of passive investors increase. While the equilibrium

liquidity tends to decrease since active managers now have to trade for more investors, which



deteriorates liquidity, the effect of increasing active investors outweighs, and prices of the
index fund become more efficient rather than less efficient.

Second, as search costs for uninformed managers decline, passive fees also decline while
active fees are unaffected so that the fee spread between active and passive managements
increases. Prices can still become more efficient, although the increasing spread discour-
ages investors from choosing active managements and the number of active investors thus
decreases. Like above, decreasing passive fees increases participation and improves liquid-
ity for active managers, which again increases the value of information. The increasing fee
spread, however, makes active managements relatively more expensive, and the equilibrium
number of active investors decreases. Both increasing passive investors and decreasing ac-
tive investors improve liquidity, and active managers trade on their information much more
aggressively. Provided that active fees are sufficiently low, the effect of improved liquidity
outweighs that of decreasing active investors, and prices become more efficient.

Third, as search costs for informed managers decline, active fees decline while passive
fees are unaffected so that the fee spread decreases. Prices become more efficient since the
decreasing spread encourages investors to choose active managements, and the number of
active investors increases. While this tends to deteriorate liquidity, the direct effect of the
increasing active investors outweighs, and prices become more efficient, albeit to a much less
degree than would be in the hypothetical competitive benchmark.

Fourth, price efficiency is independent of the amount of noise trading. In the partial
equilibrium, noise trading makes prices less informative and presents profitable opportunities
for both informed and uninformed investors. As investors optimally respond to the change
in noise trading in a general equilibrium, noise trading has no effect on price efficiency.
Although this result is not new to this model and also holds in the competitive benchmark,
it stands in contrast to Stambaugh (2014), who shows that the decrease in direct investments
by individuals, which reduces noise trading, makes prices less informative.

Finally, the model has implications for impossibility of fully efficient market. The
Grossman-Stiglitz paradox starts with a premise that when there is no noise but some in-
vestors are informed, prices would be fully informative. This does not happen with strategic
trading, and there is no paradox. Garleanu and Pedersen (2018) show that prices become
fully efficient as the search cost vanishes, and the industry of informed managers concen-
trates. Again, this does not happen with strategic trading. Although the number of informed
investors goes to infinity, liquidity evaporates, and together price remains partially informa-
tive.

This paper is related to the literature on delegated asset management.” This paper in

2The classic papers in this literature on the role of the asset management industry include Admati



particular focuses on the effect of passive investing, or indexing, on price efficiency. The
paper builds on the model of Garleanu and Pedersen (2018, 2019), who introduce asset
managers into the rational expectations equilibrium framework. Differently from theirs, in-
formed managers trade strategically and investor participation is endogenous. These changes
produce opposite implications for price implications of declining passive fees.

The literature models passive investing largely in three ways: as an index portfolio, whose
relative weights are determined by the exogenous supply (e.g. Bond and Garcia (2017)),
as an optimal portfolio constructed by uninformed investors or managers (e.g. Garleanu
and Pedersen (2019)), and as a financial innovation that relaxes various frictions in the
financial market (e.g. Subrahmanyam (1991); Gorton and Pennacchi (1993); Cong and Xu
(2016)). The paper is more closely related to the first two, as the share of passive and
active investors are determined in equilibrium, while the third literature takes the investor
allocation exogenously. This paper takes the first approach and adopts the idea of Bond
and Garcia (2017) in re-spanning the asset space into the index portfolio and spread (or
long-short) portfolios.

Investor participation is also studied by Bond and Garcia (2017), in whose model, in-
vestors who are endowed with information and hedging needs endogenously choose to par-
ticipate in the financial market. They show that lowering the cost to participate reduces the
price efficiency of the index. Malikov (2019) extend the framework and allow information
acquisition. He shows that lowering the information cost for spread portfolios increases their
price efficiency, and it discourages investor participation for the spread portfolios. Lowering
the participation cost, in his framework, still makes the index portfolio less efficient. Buss
and Sundaresan (2019) is the only other paper to my knowledge that increasing passive in-
vestments can make prices more efficient. They emphasize the cross-sectional implications
that stocks with more passive investors have higher price efficiency. The shares of investors
in their model are exogenous, and the time-series implications depend on the assumptions
of exogenous shares of uninformed and informed investors.

The paper also contributes to the relatively small literature on the role of market power in
delegated management. Kyle et al. (2011) focus on contracting features and heterogeneous
risk aversion. Kacperczyk et al. (2018) allow informed traders to exercise market power,
but in their model, more uninformed investments make price less informative, and their
results are based on numerical rather than analytical. Incorporating market power makes
problems in endogenous information acquisition and delegated management complicated

very quickly. On technical front, this paper provides an intuitive expression of the value of

and Pfleiderer (1986), Berk and Green (2004), Garcia and Vanden (2009), Basak and Pavlova (2013), and
Kacperczyk et al. (2016).



information, when managers compete in demand schedules, as in the classic paper of Kyle
(1989), who also shows that increasing uninformed investors reduces price impact and can
increase price efficiency, while the shares of investors are exogenous. Corum et al. (2020)
also have endogenous participation and strategic trading, albeit with risk-neutral investors.
Their focus is on corporate governance.

The paper is organized as follows. Section 1 describes the setup of the model. Section
2 solves and characterizes equilibrium. Section 3 analyzes implications of declining fees
for price efficiency. Section 4 discuss empirical implications. Section 5 provides further

discussions. Section 6 concludes.

1 Model Setup

The framework is motivated by Garleanu and Pedersen (2018, 2019), who introduce as-
set managers into the noisy rational expectations equilibrium framework of Grossman and
Stiglitz (1980). The key differences are that (1) informed managers trade strategically, tak-
ing into account their price impact, a la Kyle (1989); and (2) investors optimally decide
whether to participate in the financial market, as well as whether to invest with informed or

uninformed managers.

Funds There are one safe asset and J risky assets, indexed by j = 1,...,J. The safe asset
is a numeraire, whose return is normalized to one and net supply is zero. The first risky asset
is an index fund. The rest of J —1 risky assets include long-short portfolios whose payofts are
orthogonal to that of the index. They can also include other risky assets that are excluded
from the index, provided that the payoff of excluded assets are orthogonal to that of the
index. Bond and Garcia (2017) introduce ways to re-span the asset space with the index
fund and long-short portfolios that are orthogonal to the index fund.In this paper, I assume
that For simplicity, assume J = 2, and let the first risky asset (j = 1) represent the index
fund, denoted z, and the second risky asset (j = 2) represent any non-index assets/funds,

denoted y. Let v; denote the payoft of fund j, which is distributed normally with mean o,
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and variance e and 7; denote the net supply.

There are three types of agents: managers, investors, and noise traders.

Managers There are four sectors of asset/fund managers: uninformed managers of the
index, informed managers of the index, uninformed managers of the non-index funds, and
informed managers of non-index funds, described in Table 1. Uninformed managers choose

optimal strategies without private information, while informed managers acquire and use



Uninformed Informed

Index Passive Active

Non-index | Active Active

Table 1: Passive and active managers

private information. Managers of the index fund restrict themselves to trading the index
fund and the safe asset, while managers of the non-index fund trade non-index assets (long-
short portfolios and assets excluded from the index). Uninformed managers of the index
fund are passive managers, and the rest of three types of managers are active managers.
Informed managers of the index fund actively time the market using their private information.
Managers of the non-index fund actively pick stocks with and without private information.

All managers are risk-neutral. Managers (informed and uninformed) incur a marginal
cost k; per investor, and the cost is cheaper for the index fund than for the non-index fund
(i.e. k; < k). Informed managers of the fund j also incur a fixed cost K to acquire private

signal s;, given by
s; = v, + €5, where ej ~N (O, O'ngj_1> . (1)

The precision parameter 7; is the ratio of the variance of payoff to that of the error, repre-
senting the signal-to-noise ratio.

Informed managers trade strategically, taking into account their price impact. They
submit demand schedules, specifying quantities to be traded contingent on realized prices, to
maximize the expected utilities of their investors’ payoffs. There are M! informed managers
of the index fund and M; informed managers of the non-index fund. For now, assume
M! = ]\/[; = 1. For simplicity, also assume that uninformed managers trade competitively,

taking prices as given.

Investors There is a mass-N continuum of investors, who have constant absolute risk
aversion (CARA) preferences with risk aversion 7. Investors can choose between saving and
investing with four different types of managers. Saving is free and can be considered as
non-participation in the stock/financial market. If investors choose to participate in the
financial market, they can choose whether to invest with informed or uninformed managers

and whether to invest in the index fund or the non-index fund or both.



t:|1 t:|2 t:|3 t:|4
| | | —

Investors Negotiate Managers Payoffs
decide fees trade realized

Figure 1: Time Line

Investing with managers requires a search, which reflects time and resources that investors
must incur to find and vet a manager (see Garleanu and Pedersen (2018) for description of
the process in practice). To invest with a manager of fund j, investors first pay a search
cost cJI» for informed and cgj for uninformed managers respectively, after which they meet
with one and negotiate a management fee fjl for informed and f]U for uninformed managers
respectively, via Nash bargaining with, for simplicity, equal bargaining power. It is cheaper
to find and vet an uninformed manager than an informed manager (i.e. cg-] < CJI- ) for a given
fund 7, and an uninformed manager of the index fund is cheaper to find than an uninformed
manager of the non-index fund (i.e. ¢ <cl/).

Let [; and U; denote the mass of investors who invest with an informed manager (called
“Informed investors” for brevity) and the mass of investors who invest with an uninformed
manager (called “uninformed investors”) of the fund j, respectively. The rest of N —(I;4Uj)
investors choose not to participate in the fund j, and those who do not participate in either
fund only save in the safe asset.

Finally, there is a noise trader who trades an exogenous random quantity —z;. Alter-
natively, z; can be interpreted as the random supply of the risky asset. The quantity z; is
distributed normally with mean zero and variance o,;%. The payoffs v;, the errors €;, and z;

are jointly normally and independently distributed.

Timeline To summarize, the model is static with four stages, as illustrated in Figure 1.
At t = 1, investors decide whether to participate in the market for the risky asset or not.
If investors choose to participate, they choose whether to invest in the index fund or the
non-index fund or both and whether to search for an informed manager or for an uninformed
manager. At ¢t = 2, investors meet and negotiate with the managers to determine fees. At
t = 3, informed managers and uninformed managers trade both funds. At t = 4, the payoft

of the funds are realized.

Equilibrium definition An equilibrium is found when (1) investors optimally choose
among saving and four types of asset managers; (2) management fees are set via Nash

bargaining; (3) informed and uninformed managers choose demand schedules to maximize



their investors’ utility; and (4) the market for the two funds clears. For now, I focus on
an interior equilibrium, in which investors are indifferent among saving and uninformed and
informed investments of both funds. In the trading stage, I restrict to a linear equilibrium,

in which demand schedules are linear in traders’ prices and signals.

2 Equilibrium

The model is solved by backward induction, starting with the trading stage.

2.1 Trading Stage Equilibrium

Since the index and non-index funds are orthogonal to each other, the equilibrium for each
fund can be determined separately and in the same way.

A linear equilibrium in the market for fund j is found, taking as given the masses of
informed and uninformed investors /; and U;, which are later determined by the investors’
choice. The partial equilibrium characterized in this section is similar to that of Kyle (1989),
in which both informed and uninformed traders are strategic, but there are no asset/fund
managers, and the number of investors who invest with informed and uninformed managers
are exogenous.” For completeness as well as to introduce useful notations, I describe the
process of solving for an equilibrium briefly below.

The informed manager trades on behalf of their I; investors. He finds the optimal demand

schedule for each investor q} (pj), taking into account price impact of all his investors, solving

mex {B[(0s—p = NLia)) ) | 5] = 3 varloy | ) (a])°} (2)
where ¢/ = ¢J(p;) is the quantity that the manager trades, p} is the price that would prevail
if the manager were not to trade, and \; is price impact a la Kyle (1985, 1989), the marginal
effect of trading one additional share on the per-share price of risky asset.* Since his private
signal s; encompasses information in prices, he does not need to learn from prices.
Uninformed managers find their optimal demand schedules, taking prices as given and
learning rationally from prices. Let q]U (pj) denote the demand schedule of each uninformed

investor. Lastly, the market clears: I;q] (p;) + U;q¥ (p;) = ;.

3There are two differences: In this model, (i) there is only one informed manager; and (ii) uninformed
managers competitively. These are simplifying assumptions useful for later analysis and more explicit ex-
pressions for intuition, but they do not alter the main results.

4This formulation is equivalent to the informed manager aggregating his investors preferences and solving
the optimal demand schedule; I thank Mariana Khapko for the suggestion.



To characterize equilibrium, it is useful to use the two variables below. First, following
Lee and Kyle (2018) with slight modification, define

yvar [v; | s4]

(3)

Xi = A + yvar [v; | 5]
It decreases in price impact A and increases in the riskiness of the risky asset, multiplied by
risk aversion. x; computes the relative importance between risk and price impact. Using x;,

the informed manager’s demand schedule qjl (p;) can be expressed as

(o) = (k) )

yvar [vj | s;]
In the parentheses on the right hand side is the competitive demand schedule. Hence, x;
measures how unconstrained the informed manager is by his price impact. It lies between
zero and one. As y; increases to one, the manager trades as if there is no price impact. I

use x; as a proxy for liquidity of the market as experienced by the informed manager.
Second, following Kyle (1989), define

var ™! [v; | p;] — var™! [v]

¢j = (5)

var~! [v; | s;] — var—! [v;]’
It is the ratio of the precision of new information from prices to the precision of new in-
formation from the signal, and it lies between zero and one. As ¢; approaches one, un-
informed managers extract from prices all information contained in the private signal. As
¢; approaches zero, they extract no information from prices. I use ¢; as a proxy for price
efficiency. It is broadly consistent with other measures of price efficiency in the literature;
see Section 4 for description of the relationship among various measures and the empirical
implications.

The next proposition fully characterize the equilibrium. All proofs are in the Appendix.

Proposition 1 (Partial Equilibrium). Assume v, 0., 0.;, 7;, U;, and I; are all strictly

positive for all j. Then there exists a unique linear equilibrium with trade, in which the price

of fund j s
-1 2
Xl +U; ) 10
p; =11+ S5 — Zi |, 6
’ ( il + ¢5U5) 7 ol )

where liquidity x; € (0, 1) is the unique solution to the cubic equation:

2 2
(vou,02,) Us = (vou,0.,) (Ui + A+ 1) L) x; + 75 (L 4+ 75) U XG4+ 75 (L4 15) X3, (7)



and price efficiency ¢; € (0,1) is given by

¢; = (HM) - (8)

7 (x51;)

Aside from endogenous liquidity x;, for now, price efficiency is unaffected by the number
of uninformed investors U;. It is determined by the number of informed investors I;, the
precision of the private signal 7;, and the amount of noise trading ~yo,;0.; in units of util
(0., is in the number of shares demanded by noise traders, o,,; is the risk in each share, and
« is in the number of utils per dollar). Intuitively, prices become more informative, as there
are more informed investors, the private signal becomes more precise, and the amount of
noise trading decreases.

Note that plugging x; = 1 into (6) and (8) above characterizes the equilibrium in the
competitive benchmark, in which all traders take prices as given, regardless of their impact
on prices. Hence, the key difference between competitive and strategic informed trading
for price efficiency is captured by the endogenous liquidity x;. Importantly, the number of
uninformed investors U; has no effect on price efficiency in the competitive benchmark, while

it has an indirect effect through liquidity with strategic informed trading.

2.2 Fee Determination

The asset management fees for informed and uninformed investments, fjl and f]U, for both
funds are determined by an appropriate manager manager and an investor who meets with
him via Nash bargaining.

Let u]I and u? denote the certainty equivalent of an investor investing with an informed

manager and that of investing with an uninformed manager, respectively:

~

uj = —%bg (B [—exp (= (v; —p3) 4} (25))]) 5 (9)

ugj = —% log (E [— exp (—7 (Uj - pj) q]U(py))D : (10)

Note that an investor may choose to invest in both funds. For example, the investor may
invest with an uninformed manager of the index fund and with an informed manager of the
non-index fund. From the orthogonality assumption, the certainty equivalent of investing
in both funds can be simply summed up. Thus, the investor in the example obtains the
certainty equivalent of ul + u).

Using the equilibrium price in Proposition 1 and the usual properties of the moment-

10



generation function, the lemma below characterizes the certainty equivalent of uninformed
investments, which represents the dollar value of participating in the market for fund j, and
the difference in the certainty equivalents of informed and uninformed investments, which

represents the incremental dollar value of private information:

Lemma 1 (Values of Participation and Information). With ¢; and x; given by Proposition

1, the dollar value of participation is

W = Log (—W u _pj]) (11)

var [v; | pj]

and the incremental dollar value of information is

1 1—x; 1+7;
r_ U _ - J J )
ot = o (L (570)), 12
where var [v; — pi] 71— ¢.)2
J J — 1+ J J 2" (13)
var [v; | py] o; (1474 (L4 &) Uj (x;1;) )

After paying the search cost c]I. and meeting with the informed manager, the investor
gains u]I — fj] by agreeing to pay the fee. If the negotiation fails, the investor gains zero, if he
chooses to save. Since investors are indifferent among saving and four types of managements
in an interior equilibrium, the investor’s second-best outside option yields zero utility gain.
Assuming, for simplicity, the equal bargaining power between an investor and an informed
manager, fjl is determined to maximize the product of utility gains (u§ — fj] )( ij —k;). The fee
for uninformed manager is found in the same way. In summary, the equilibrium management

fees are ,

U
; . and V=14

e (14

2.3 Investors Choice

Investors optimally choose among saving, uninformed and informed investments, rationally
anticipating the fees and the asset market equilibrium in Proposition 1.

Assuming that the total number of investors N is sufficiently large to ensure an interior
equilibrium, for now, investors are indifferent among saving and searching for any of the four
types of managers:

ul = (ch+ [ =ul — (& + ) =0, Vi (15)

i J
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Substituting the fees (14) into above, the equilibrium masses of informed and uninformed

investors I; and U; are determined such that
u§ =k + 26§ and u? =k; + 205-1. (16)

Finally, combining this with the certainty equivalent in Lemma 1 determines a general equi-

librium. The following result summarizes the solution.

Proposition 2 (General Equilibrium). Assume that v, oy, 0., Tj, cJI-,

strictly positive and that N is sufficiently large. There exists a unique interior equilibrium,

and k; Vj are all
in which (1) the prices of funds are given by (6), (2) asset management fees are given by
fl=k+cd and fl=k+, v (17)

and (3) the masses of informed and uninformed investors for each fund are

I‘:'yavj(fzj l( ¢j > (18)
! i \m\1=¢;)

Y0y 04 (14 75) 1( ?; )
U. = ER —(——, 19
Iy S R P s o
where liquidity x; 1s
(1+ 0y (1) 1)
Xi = (20)

(14 7)e? 825 — (14 )

and price efficiency ¢; € (0,1) is the unique solution that satisfies

2 2V kit2e) _ g - odll 1/2
=11 2y 120 (1 —¢;— (1+75) (Tj ' (627(]%2 ) — 1) cbj) ) .
+ &7 (1—1—7‘j)e y\RjTacy) (1_|_¢j7j)

(21)

3 Declining Fees and Price Efficiency

Asset management fees, especially those for passive index funds, have been steadily de-
creasing in the past few decades. In this section, I analyze comparative statics, in which
parameters that determine management fees change, and study the impact on the general
equilibrium price efficiency. These results are then connected to empirical facts on fees,

liquidity, and price efficiency in Section 4.
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Recall that in Proposition 2, the management fees ( fJI and ij) are determined by and
increase in the marginal trading cost that both informed and uninformed managers face per
investor (k;) and the search costs that investors pay to meet with informed and uninformed
managers (c§ and CJU) In the following subsections, I study the general equilibrium effect of
decreasing management fees through three separate channels: (i) the decrease in the trading
cost; (ii) the decrease in the search cost for an uninformed manager; and (iii) the decrease

in the search cost for an informed manager.

3.1 Decrease in the trading cost

The proposition below provides a comparative static of price efficiency in the general equi-
librium characterized in Proposition 2 as the trading cost that affects the management fees

of both the informed and uninformed managers varies.

Proposition 3 (Declining trading cost). As the trading cost of a given portfolio k; decreases,

general equilibrium price efficiency of the fund ¢; increases.

Hence, prices become more efficient as the fall of the trading cost makes both informed
and uninformed investments cheaper, while the spread between two fees remain the same.
To provide economic intuition for this result, let me illustrate the mechanism in each step,

although in a general equilibrium everything is affected by everything else.

Value of Participation First, declining &; makes it cheaper to participate in the market
for fund j without any private information, while the spread between informed and un-
informed funds remains constant. Intuitively, as it becomes cheaper to participate in the
market, the mass of investors who invest with uninformed managers U increases. This intu-
ition also can be seen in the representation of the certainty equivalent that investors obtain
by investing with an uninformed manager u§, which decreases as k; decreases in equilibrium
(ie. uf = k; 4+ 2cY), from (16). Furthermore, from Lemma 1, the certainty equivalent u}
tends to decrease in the mass of uninformed investors U;. Hence, as it becomes cheaper to
participate in the market, more uninformed investors enter so that each investor’s gain from

participation decreases, corresponding to the lower management fees they pay.

Liquidity Next, the increase in uninformed investors makes the market more liquid for
the informed manager, who then can trade more aggressively on their private information.

The next result directly follows the partial equilibrium characterization:

Corollary 1 (Liquidity). In the partial equilibrium characterized in Proposition 1, liquidity

X; increases in the number of uninformed investors U; and the amount of noise trading

13



Y0,;0.; and decreases in the number of informed investors I; and the precision of private

information ;.

More noise trading and more uninformed investors improve liquidity for the informed
manager, while more precise information and more investors to trade for makes the market
less liquid for the informed manager. To see why increasing uninformed investors improve
liquidity, recall that each uninformed investor has a downward-slopping demand schedule
in equilibrium. Since they buy more when prices are low and sell more when prices are
high, uninformed investors dampen the effect of informed investors on prices. As there are
more uninformed investors, aggregate demand schedule from uninformed investors becomes
steeper. This in turn implies that the residual supply schedule of informed investors becomes
flatter, which means lower price impact and higher liquidity.

Note that there is a mitigating effect through price efficiency. Since liquidity allows
informed investors to trade aggressively, prices become more informative. More informative
prices imply that higher prices are now more likely to come from better fundamental. This
discourages each uninformed investor from providing depth to the market and taking the
other sides of informed investors. Hence the demand schedule of each uninformed investor
becomes flatter as there are more informed investors. The overall effect on the aggregate
demand schedule, however, is dominated by the increase in uninformed investors (extensive
margin) rather than by the decrease in the willingness of each uninformed investor to provide

liquidity (intensive margin).

Value of Information More liquid the market is for the informed manager, more valuable
a given private information is for his investors. Recall that liquidity x is defined as the extent
to which the informed manager can trade without being constrained by his price impact.
Hence, as liquidity improves, the informed manager can trade a larger quantity and arrive
closer to his target inventory. This then translates into the value he can generate with a
given information. From Lemma 1, the value of information, captured by the spread in the

certainty equivalent, is

1 1—x; 1475
VI:=ul—u¥=—1o J+( J) ) 22
J J 2,.)/ g(@Qqu 1_'_¢]7_] X] ( )

J

The first term in the parenthesis on the right hand side represents the opportunity cost of
being informed. Due to limited liquidity, the manager cannot trade as much as he would
have liked to, and for this amount, investors lose the value they could have obtained by
investing with an uninformed manager.

The second term represents the gains from private information, and the extent to which
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the manager could take advantage of their private information depends not only on price
informativeness (¢), with which uninformed managers learn about private information from
prices, but also on liquidity x. Note that if the informed manager were to take prices as
given, and thus he perceives liquidity y as exogenous and equal to one, then the right hand

side of (22) will simplify into
1 1 ;
VIeem — — log <ﬂ) ) (23)

which corresponds to the value of information in the competitive benchmark of Grossman and
Stiglitz (1980). Hence, while the improved liquidity provided by the increased participation of
uninformed investors tends to make the information more valuable for the strategic informed
manager, it has no effect for those who trade competitively.

Recall that as the trading cost k; decreases, the spread between the fee for the informed
manager and that for the uninformed manager remains constant: f/ — f’ = ¢ —c¥ from (17)
in Proposition 2 does not depend on the trading cost k;. As k; decreases, the incremental
value of investing with an informed manager relative to an uninformed manager increases,
while the differences in their fees remain the same. Intuitively, more investors choose to
invest with an informed manager (i.e. the mass of informed investors I increases), which then
decreases the value of information for each informed investor in equilibrium corresponding

to the constant fee spread.

Price efficiency Finally, the increase in the mass of informed investors makes prices more
informative. Recall in the partial equilibrium characterized by Proposition 1, price efficiency
is determined by the mass of informed investors and liquidity, along with the precision of
private information, the amount of noise trading, given by (8). With the precision and noise
trading fixed, the effect of trading cost (k;) on the general equilibrium price efficiency is then
determined by how the change in £; affects the product between mass of informed investors
(1;) and liquidity (x;) in equilibrium. While improved liquidity provided by uninformed
investors leads more investors to choose the informed manager, the increase in informed
investors also deteriorates liquidity, and thus the overall equilibrium effect of the trading
cost on liquidity is ambiguous. The overall effect on price efficiency, however, turns out
always positive, as the effect of the number of informed investors dominates: prices become
more efficient as the trading costs decline.

To summarize, the intuition for the result that general equilibrium price efficiency in-
creases as the trading costs declines is that (i) more uninformed investors enter as it becomes

cheaper to participate in the financial market; (ii) they provide liquidity and make the mar-
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Figure 2: Effects of declining trading costs

¢ X
0.06¢
0.050 0.20//
0.04¢ 0.151
0.03¢
0.10¢
0.02¢
0.01} 0.05¢
‘ ‘ ‘ ‘ ~ K : : : : - K
0.02 0.04 0.06 0.08 0.10 0.02 0.04 0.06 0.08 0.10
U |
5,
4f 1.5¢
3,
1.0
2,
0.5
1F
1 1 1 1 1 k 1 1 1 1 1 k
0.02 0.04 0.06 0.08 0.10 0.02 0.04 0.06 0.08 0.10

Notes: Figure shows the comparative statics with respect to the trading cost k;. The dependent
variables are price efficiency ¢;, liquidity x;, the number of investors who invest with an uninformed
manager Uj, and the number of investors who invest with an informed manager ;. The parameter
values used are 0, =0,; =1, 7y=3, 7; =5, cgj = 1%, and CJI» =5%.
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ket more liquid for the informed manager; (iii) liquidity makes information more valuable,
and more investors choose to invest with an informed manager; and thus (iv) prices become

more efficient as there are more informed investors; see also Figure 2.

Role of Endogenous Participation Two key elements in this result are strategic in-
formed trading and endogenous participation. To clearly explain the role of each element, I
start with endogenous participation to the financial market. , which contrasts to a common
assumption in the literature that starts with an exogenous number of participants, who must
choose whether to invest with or without information (e.g. Grossman and Stiglitz (1980)
normalize the mass of total participants is normalized to one).

In this model, the total number of participants for fund j is endogenous: Among N total
investors, I; investors choose to invest with an informed manager, U; investors choose to
invest with an uninformed manager, while N — I, — U; investors choose to not participate in
the financial market for fund j. This is crucial for the result of Proposition 3 since the key
mechanism through which lower trading costs increase price efficiency is that more investors
choose to invest with an informed manager, as more investors also choose to invest with an
uninformed manager, i.e. both types of investors increase simultaneously in equilibrium.

Bond and Garcia (2017) examine the endogenous decision to participate in the financial
market in the context of the rational expectations framework. In their model, as the index
portfolio becomes cheaper to invest and thus it becomes less expensive to participate, more
investors participate and prices become less informative. In their model, investors are en-
dowed with private information and endowment shocks. They show that the participation
decision exhibits strategic complementarity. Similar to the so-called “Hirshleifer effect”, less
informative prices makes participating more valuable. Malikov (2019) also study endoge-
nous participation in the multiple asset extension of Grossman and Stiglitz (1980), where
investors optimally choose whether to acquire information or not in addition to whether
to participate or not. Both Bond and Garcia (2017) and Malikov (2019) are based on the
competitive rational expectations equilibrium, in which all traders take prices as given. To
discuss how their results differ from mine and highlight the role of strategic informed trading
in this model, below I consider the competitive benchmark, in which the informed manager

takes prices as given in an otherwise identical setting.

Comparison with the Competitive Benchmark Recall that in the partial equilib-

rium characterized by Proposition 1, simply assuming exogenous, perfect liquidity yields the
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Figure 3: Price efficiency in the competitive benchmark
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cost for an informed manager (right). The parameter values used are 0, =0,; =1,y =3, 7, =5,
kj = 1%, ¢ = 1%and ¢] = 5%.

competitive counterpart. From plugging y = 1 into (8), price efficiency is

-1
(7‘7% Oz ) j

com _ [ 1
(b] + Tj[?

(24)
Hence, other than the exogenous parameters such as the precision and noise trading, price
efficiency depends only on the mass of informed investors. Absent the endogenous liquidity
channel, the number of uninformed investors has no effect on price efficiency. Furthermore,
the value of information in this benchmark (VI®™ in (23)) depends only on price efficiency
and the precision parameter. Below is the characterization of the general equilibrium in the

competitive benchmark:

Proposition 4 (Competitive Benchmark). Assume that the informed manager takes prices

as given. The price efficiency in an interior general equilibrium is given by

o7 = (14 e 1) )
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Hence, (i) as the marginal cost for managing uninformed investments k; declines, price
efficiency is unaffected; (ii) as the search cost for an uninformed manager c? declines, prices
become less informative; and (iii) as the search cost for an informed manager c]I- declines,

prices become more informative.

Since the partial equilibrium price efficiency in the competitive benchmark essentially
depends on the number of informed investors, which in turn is determined by the cost of
information, or the fee spread between informed and uninformed investments, the general
equilibrium price efficiency also depends on the fee spread (i.e. Q(CJI- — cgj)) and is independent
of the trading cost k;. Intuitively, prices become more informative as it becomes more
expensive to invest with an informed manager relative to investing with an uninformed
manager.

As the trading cost decreases and thus it becomes cheaper to participate in the financial
market, more investors do enter. But, the entry of uninformed investors does not affect price
efficiency, since the price-taking informed manager, who behaves as if he can trade with
perfect liquidity, does not respond to the liquidity provided by uninformed investors. Thus,
the value of information, as well as investors’ decision to invest with an informed manager

are unaffected. Hence, price efficiency remains constant as the trading cost declines in the

competitive benchmark.

3.2 Decrease in the search cost for an uninformed manager

The next proposition is a comparative static of price efficiency with respect to the search cost
for an uninformed manager, which affects the management fee for an uninformed manager

but has no effect on that for an informed manager.

Proposition 5 (Declining search costs for uninformed managers). As the search cost for the
uninformed manager of fund j (C]U) decreases, price efficiency ¢; increases provided that C]I»

is sufficiently low.

Hence, prices can become more efficient, as the fee for an uninformed manager falls,
even though it makes informed investments relatively more expensive. This result directly
contrasts with that of the competitive benchmark in Proposition 4: Price efficiency always
decreases as the search cost for an uninformed manager decreases, since it increases the fee
spread between informed and uninformed investments, and thus it discourages investors from
choosing the informed manager.

To provide intuition for this result, let me illustrate each step of the mechanism. Like

in the comparative static with respect to the trading cost of Proposition 3, the decrease
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Figure 4: Effects of declining search costs for an uninformed manager
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in the search cost for an uninformed manager lowers the equilibrium fee for an uninformed
manager and thus makes it cheaper to participate in the financial market. Hence, the value
of participation must also decrease correspondingly, by more investors entering the financial
market. This tends to improve liquidity for the informed manager, and it increases the value
of given information since the manager can trade more aggressively on that information.

Unlike the decrease in the trading cost, which affects both the fees for uninformed and
informed managers the same way, the decrease in ch does not lower the equilibrium fee for
an informed manager ((17) in Proposition 2). Thus, as ¢} decreases, the spread between
the informed and uninformed managements increases. This implies that it not only becomes
cheaper to participate in the financial market, but also becomes relatively more expensive
to invest with an informed manager as the incremental fees for the informed manager in-
creases. Intuitively, the higher cost would decrease investors from investing with an informed
manager.

While this effect would always make prices less informative in the competitive benchmark,
it faces countervailing forces with strategic informed trading. First, as mentioned above,
improved liquidity from the increased participation of uninformed investors makes investing

with an informed manager more valuable. Second, the decrease in informed investors due
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Figure 5: Effects of declining search costs for an informed manager
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to the high spread further improves liquidity: recall in Corollary 1, the partial equilibrium
liquidity decreases in the number of informed investors as well as increases in the number of
uninformed investors. Hence, even as it becomes relatively more expensive to invest with an
informed manager, prices can be actually more informative, since liquidity, with which the
informed manager trades on their information, improves faster so that the product between
liquidity and the mass of informed investors increases.

The result does not always hold and requires the search cost for an informed manager
to be sufficiently low so that the fee spread does not become too high as the search cost
for an uninformed manager decreases. When the search cost for an informed manager is
too high, the number of informed investors can decrease so fast that price efficiency becomes
non-monotonic and can decrease, even to zero. In Section 4, I examine whether the condition

is likely to hold in the real world using a range of reasonable parameter values.

3.3 Decrease in the search cost for an informed manager

The third, and final, comparative static studies how price efficiency is affected by the search

cost for an informed manager:
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Proposition 6 (Declining search costs for informed managers). As the search cost for the

informed manager c§ decreases, price efficiency ¢; increases.

As the search cost for an informed manager declines, the management fee for informed
investments also declines, while the fee for uninformed investments remains constant. This
implies that while the cost to participate in the market is unaffected, investing with an
informed manager becomes relatively cheaper. It leads to more investors choosing to invest
with the informed manager and more informative prices, like in the competitive benchmark
(Proposition 4), where the decrease in the fee spread makes prices more informative. Since
more informed investors deteriorate liquidity with which the informed manager can trade,
both the level of price efficiency and the effect of the lower fee on price efficiency are dampened

with strategic informed trading relative to the competitive benchmark.

3.4 Effect of noise trading

The growth in the professional asset management industry (including both passive and ac-
tive) in the last decades is accompanied with the decline in direct investing of individual
investors. At least some part of direct investing may be close to noise trading. Although
noise trading is modeled exogenous for simplicity, it may capture trading based on hedging
needs, private values, etc. Below I study the implication of noise trading for price efficiency.

The result directly follows from Propositions 2 and 4.

Corollary 2 (Noise Trading). Price efficiency in a general equilibrium is independent of the

amount of noise trading, regardless of whether informed managers trade strategically.

Noise trading tends to make prices less informative in the asset market equilibrium,
with the numbers of informed and uninformed investors exogenously given. In a general
equilibrium, it has no effect. Intuitively, noise trading provides profitable opportunities to
both informed and uninformed investors, and they optimally respond so that price efficiency
is unchanged.

This result is in contrast to Stambaugh (2014), who shows the decrease in noise trading
(representing direct investing of individuals) makes prices more informative, or equivalently,
reduce mispricing. In his model, active managers, who trade against noise traders, face
exogenous, quadratic trading costs. Although price impact also causes quadratic trading
costs, the difference is that trading costs are endogenously determined in my model. It
is also interesting to note that as far as the implication of noise trading is concerned, the
competitive equilibrium yields the same result.

Finally, recall that in characterizing equilibrium, the standard deviation of noise trading

0.; always appears in the product vo,0.;, which together I interpret as the noise trading in
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utils. This also implies that risk aversion v and the standard deviation of the fundamental o,
have exactly the same comparative statics as that of o, except that « affects price efficiency
through its effect on the dollar costs of k and c¢. Hence, with the trading and search costs
fixed in units of utils, changing the risk aversion of the prior variance would have no effect

on price efficiency.

4 Empirical Implications

The theoretical results from previous sections are now used to draw empirical implications.
To ensure relevancy of the implications, I start by discussing key trends in the asset man-
agement industry documented in the existing literature. I then connect the trends with
the theoretical framework to provide implications for price efficiency and relate them to the

empirical evidence on time-series and cross-sectional price efficiency in the literature.

4.1 Key trends in the asset management industry

Growth in delegated investments Delegated investments in the United States have
been growing tremendously over the past few decades. Individuals have been moving away
from direct equity ownership towards institutional investments, with the fraction of individ-
ual ownership falling from 48% in 1980 to 20% in 2010 (French (2008); Stambaugh (2014)).
And the trend of falling direct ownership has continued since the end of the Second World
War (Garleanu and Pedersen (2019)). Combining both direct and institutional ownership,
the fraction of American households with any stock has also increased. The rate grew from
32% in 1989 to 49% in 1998 (Bertaut and Starr (2000); Hong et al. (2004)). The growth
in various retirement vehicles such as 401 (k) plans and IRAs further allow individuals to
participate in the stock market (Poterba et al. (1998)).

Following the interpretation that individual ownership likely resembles noise trading
(Stambaugh (2014); Black (1986)), both trends of the growing stock market participation
and the growing delegated investments can be mapped into the increase in participation in

the theoretical model.

Rise of passive investing Especially pronounced in the growth of delegated investments
is the rise of passive investing. Since the first index mutual fund was introduced in 1975, the

industry of low-cost index investing has grown tremendously.” Appel et al. (2016) document

SFor those who are interested, this podcast episode features Jack Bogle and AQR’s co-founder
Cliff Asness who discuss merits of passive and active investing and the beginning of index funds:
https://www.aqr.com/Insights/Podcasts/The-Curious-Investor/Season-One/ Active-versus-Passive
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that between 1998 and 2014, passively managed funds grew from under 10% to over 30% of
all equity mutual funds and from under 2% to close to 8% of the total market capitalization.
Blackrock (2017) estimates that passive investors, including those outside mutual funds
and ETFs, own 18% of all global equity in 2016. Anadu et al. (2019) report that passive
mutual funds and ETFs grew from less than 4% of the U.S. equity market in 2005 to about
14% in March 2020. On the other hand, Easley et al. (2018) emphasize that determining
“activeness” in the ETF can be complex and argue that the market has not necessarily
become more passive.

The rise of passive investing is accompanied by the steady decline in management fees.
French (2008) documents that the average fees and expenses for mutual funds fell from
2.08% of assets under management to 0.95% between 1980 and 2006, while the average
spread between active and passive funds remained stable at about 70 basis points during
the same period. The decline in average fees is due to the falling fees of funds as well as
the movement towards the cheaper passive funds. Morningstar (2020) reports that asset-
weighted passive fund fees declined from 30 basis points to 13 basis points between 1990 and
2019, while active fees fell from 85 basis points to 67 basis points during the same period,
which also shows that the spread has remained almost constant, changing only from 55 to
54 basis points. Cremers et al. (2016) provide evidence that the decline in active fees may
in fact be caused by competitive pressure from low-cost index funds.

In the model, I interpret the uninformed managers of the exogenous index portfolio as
passive managers, while there are three types of active funds: informed managers of the
index portfolio, and uninformed and informed managers of the non-index portfolios such as
spread portfolios or portfolios that consist of assets not included in the index portfolio. The
first type of the active manager employs a market-timing strategy, deciding when to buy or
sell the index fund using private information, while the other two types implement a stock-
picking strategy, determining assets that are mispriced relative to the index portfolio with
or without private information. The falling management fees in the real world, especially
for passive investments, can be mapped into the decline in determinants of the equilibrium
fees, both trading and search costs, especially for the uninformed managers, while the stable
spread between active and passive funds can represent that the fall in fees is mainly caused

by that of the trading cost especially for the index fund.

4.2 Time-series and cross-sectional implications for price efficiency

Proxies for Price Efficiency This paper uses ¢;, the fraction of private information that

is revealed in prices, as defined by (5), as a proxy for price efficiency. It is related to and
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broadly consistent with a variety of measures used in the literature.

First, Grossman and Stiglitz (1980) use the ratio between the total precision with and
without private information, where the difference from ¢; is that it includes that from the
prior variance, and hence the term total, i.e.

var vy | pi] 1+ @7y
= : (26)

var—! [v; | s;] 147

where one in both the numerator and the denominator on the left hand side represent the
importance of the prior variance (recall that the precision 7; in (1) is defined as the precision
of the error normalized by that of the fundamental). With a given precision of the private
signal 7;, prices become more efficient as ¢; increases and is fully efficient if and only if ¢,
approaches one.

Closely related to above, Garleanu and Pedersen (2018, 2019) use

= 1log (—1 i (bﬂj) (27)

2 ].+Tj

as a measure of price inefficiency. A nice property is that in the competitive benchmark such
as theirs, it corresponds to the value of information, as discussed in (23), and thus related
to the difference in performance between informed and active funds.

From the perspective of an econometrician, Bai et al. (2016) measure price efficiency
using the variance of the predictable component in the fundamental, which represents the
R? of a regression of prices on future asset values. Using the notations this model, the

measure is expressed as

vy | ] = v o] = var oy | ] = (1= = ) (28)
The measure is related to Bond et al. (2012), who articulate the difference between forecast-
ing price efficiency and revelatory price efficiency, and captures the former, which includes
information already known to insiders of the firm as well as information insiders learn from
the market.

Furthermore, Farboodi et al. (2020) use the measure above as well as develop a structural
framework, in which price efficiency is given by the covariance between price and future cash
flows, normalized by the standard deviation of prices. ? use relative price informativeness,
which corresponds to (28) normalized by the conditional variance of cash flows given prices,
i.e. var [E [v; | p;]] /var [v; | p;]. Huang et al. (2020) use the inverse of the conditional variance

of the fundamental given prices, i.e. var~'[v; | p;]. Using notations of this paper, the last
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two measures simplify to ¢;7; and (1 + ¢;7;) o, 2 respectively.

Although the list is certainly not exhaustive of all proxies of price efficiency in the lit-
erature, it demonstrates the common theme that more informative prices should lower the
conditional variance of the fundamental given the price (var [v; | p;]), while individual mea-
sures differ in the way that the reduction in the conditional variance is normalized. Therefore,
price efficiency generally increases in ¢;, which is thus used to connect to empirical predic-
tions and evidence below. Note that the relationship is exactly monotonic if the the prior
variance of the fundamental o, and the precision 7; remain constant, which is the case in
main comparative statics analysis of the trading and search costs, and thus the management

fees of active and passive funds.

Model predictions for price efficiency and empirical evidence Based on the evi-
dence of falling management fees as discussed above, the theoretical framework of this paper
implies that price efficiency of the index portfolio would generally increase over time. From
Propositions 3, 5, and 6, price efficiency of a portfolio increases as the trading and search
costs for that portfolio decrease. With fees for passive investments being even lower than
those of active investments, price efficiency of the index portfolio is likely to be higher and
increase more than that of the non-index portfolios such as spread portfolios and portfolios
of assets excluded from the index portfolio.

These results on portfolio price efficiency can be translated into price efficiency of indi-

vidual stocks, in spirit of the single-index model of Sharpe (1963), i.e.
v; = 0; + Bivs + €, (29)

where v; is the value of the asset i, (; is the factor loading on the index portfolio v,, and
e; is the idiosyncratic component. The error e; in turn can be written as w;v,, where w; is
the factor loading on the non-index portfolio, independent of the index portfolio, v, (or the
weighted sum of several such portfolios). Garleanu and Pedersen (2019) assume the factor
structure for fundamentals and determine factor and idiosyncratic portfolios endogenously.
They provide conditions in which the factor portfolio is indeed proportional to the index
portfolio.

Under the assumption of the factor structure (29), price efficiency of individual stocks
in the context of Bai et al. (2016) as in (28) can be decomposed into the systematic and

idiosyncratic parts:

1 1
Elv; | parpy]] = (1= ——— ) 8202+ (1 —— ) w?0,2. 30
var[E[v; | pz, py]] < 1+¢xTx)BZU$+( 1+¢yTy) W; Oy, (30)
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In this context, the increased price efficiency of the index fund as a result of the decrease in
passive fees and the unaffected or moderately increased price efficiency of the non-index fund
can be combined to provide cross-sectional implications. This suggests that stocks included
in the index fund are more likely to experience increased price efficiency than those excluded
in the index fund and that stocks that comprise an important part of the index fund are more
likely to have higher price efficiency than others. The result is consistent with the recent
empirical evidence that financial prices have become more informative, especially those of
the large stocks included in the S&P 500 index (Bai et al. (2016); Farboodi et al. (2018);
Davila and Parlatore (2020)).

5 Discussion

The results in this model shed light on the well-known Grossman-Stiglitz paradox.® They
show that prices cannot fully reveal costly private information. In their discussion of Theorem
5 in their paper, they write “If there is no noise and some traders become informed, then all
their information is transmitted to the uninformed by the price system. Hence each informed
trader acting as a price taker thinks the efficiency of the price system will be unchanged if he
becomes uninformed... On the other hand, if no traders are informed, then each uninformed
trader learns nothing from the price system, and thus he has a desire to become informed”

Recall that in a general equilibrium, noise trading has no effect on price efficiency (Corol-
lary 2). Although vanishing noise trading would make prices fully informative in the asset
market equilibrium, it is not the case in a general equilibrium since the number of informed
and uninformed investors optimally respond to the change in noise trading. In particular,
the number of informed investors as well as the number of uninformed investors approach
zero. This applies to both my model and the Grossman-Stiglitz framework.

Now consider their thought experiment. What happens if there are some informed in-
vestors even as noise trading vanishes? Do prices become fully efficient? Plugging o.; — 0
into the asset market equilibrium of Proposition 1 shows that liquidity evaporates in this
limit (y; — 0). Hence, although noise trading vanishes, price efficiency remains strictly
below one: ¢; — 1/(2+ 7;). This, however, does not mean that investors would have incen-
tives to become informed. Recall that the value of information depends on not only price
efficiency but also liquidity (22). If there is no liquidity, information is worthless, since one
cannot trade on their information. Hence, there is no paradox: regardless of fully revealing

prices, the number of informed investors must approach zero, as noise vanishes.

6See also Muendler (2007) who discusses the possibility fully revealing equilibrium with finitely many
traders as well as Ou-Yang and Wu (2017) who show the error in the GS.
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Garleanu and Pedersen (2018) propose a different possibility of fully efficient asset market.
They show that as search costs decrease, the industry of informed managers become more
concentrated and the asset market becomes more efficient. In their model, as the search
cost approaches zero, the market becomes fully efficient. They explain this as a result of
the economy of scale in the asset-management industry: each informed manager has more
informed investors, who can share the cost of information.

The limiting efficient market results from the price-taking assumption of informed man-
agers, which becomes less plausible as the industry becomes more concentrated, as a result
of declining search cost. In this model with strategic informed trading, prices do not become
fully revealing in the limit as search costs vanish. The declining search cost, and thus declin-
ing fee for informed investments do increase the number of informed investors. Although the
number of informed investors goes to infinity, liquidity of the informed manager evaporates,

and thus together, prices remain not fully efficient in the limit.

Corollary 3. As both a search cost ¢ a trading cost k decrease to zero, liquidity approaches

zero, and price efficiency ¢; approaches 1/(2 + 7;) and remains below one half.

6 Conclusion

Investigating how uninformed investments affect price efficiency, I find that a minor change in
the assumption that informed investors trade strategically drastically change the implication.
In the competitive benchmark of Grossman and Stiglitz (1980), uninformed investors do not
play an active role. Informed trading does not respond to uninformed trading. Hence, price
efficiency is generally independent of uninformed investments and decreases as the share of
uninformed investments relative to informed investments increases. However, when informed
investors trade strategically, uninformed investors play a role of liquidity provider. By making
informed investors trade more aggressively, they make prices more informative. Even as the
share of uninformed investments relative to informed investments increases, prices become
more informative. The result is consistent with the finding that prices have become more

informative over the past couple decades.

28



References

Admati, Anat R and Paul Pfleiderer, “A monopolistic market for information,” Journal
of Economic Theory, 1986, 39 (2), 400-438.

Anadu, Kenechukwu, Mathias S Kruttli, Patrick E McCabe, Emilio Osambela,
and Chaehee Shin, “The shift from active to passive investing: Potential risks to finan-
cial stability?,” Awvailable at SSRN 3244467, 2019.

Appel, Ian R, Todd A Gormley, and Donald B Keim, “Passive investors, not passive
owners,” Journal of Financial Economics, 2016, 121 (1), 111-141.

Bai, Jennie, Thomas Philippon, and Alexi Savov, “Have financial markets become
more informative?,” Journal of Financial Economics, 2016, 122 (3), 625 — 654.

Basak, Suleyman and Anna Pavlova, “Asset prices and institutional investors,” Amer-
ican Economic Review, 2013, 103 (5), 1728-58.

Bennett, Benjamin, René M Stulz, and Zexi Wang, “Does Joining the S&P 500 Index
Hurt Firms?,” Technical Report, National Bureau of Economic Research 2020.

Berk, Jonathan B and Richard C Green, “Mutual fund flows and performance in
rational markets,” Journal of political economy, 2004, 112 (6), 1269-1295.

Bertaut, Carol C and Martha Starr, “Household portfolios in the United States,” 2000.
Black, Fischer, “Noise,” The journal of finance, 1986, 41 (3), 528-543.
Blackrock, “Viewpoint: Index investing supports vibrant capital markets,” 2017.

Bond, Philip, Alex Edmans, and Itay Goldstein, “The Real Effects of Financial
Markets,” Annual Review of Financial Economics, 2012, 4 (1), 339-360.

_ and Diego Garcia, “Informed trading, indexing, and welfare,” Technical Report, work-
ing paper 2017.

Buss, Adrian and Savitar Sundaresan, “More Risk, More Information: How Passive
Ownership Can Improve Informational Efficiency,” 2019.

Cong, Lin William and Douglas Xu, “Rise of factor investing: asset prices, informational

efficiency, and security design,” in “29th Australasian Finance and Banking Conference”
2016.

Corum, Adrian Aycan, Andrey Malenko, Nadya Malenko et al., “Corporate Gover-
nance in the Presence of Active and Passive Delegated Investment,” OSF Preprints, 2020,
17.

Cremers, Martijn, Miguel A. Ferreira, Pedro Matos, and Laura Starks, “Indexing

and active fund management: International evidence,” Journal of Financial Economics,
2016, 120 (3), 539 — 560.

29



Davila, Eduardo and Cecilia Parlatore, “Identifying price informativeness,” Technical
Report 2020.

Easley, David, David Michayluk, Maureen O’Hara, and Talis J Putnins, “The
active world of passive investing,” 2018.

Farboodi, Maryam, Adrien Matray, and Laura Veldkamp, “Where has all the big
data gone?,” 2018.

_, _, _, and Venky Venkateswaran, “Where Has All the Data Gone?,” Technical
Report, National Bureau of Economic Research 2020.

French, Kenneth R, “Presidential address: The cost of active investing,” The Journal of
Finance, 2008, 63 (4), 1537-1573.

Garcia, Diego and Joel M Vanden, “Information acquisition and mutual funds,” Journal
of Economic Theory, 2009, 144 (5), 1965-1995.

Garleanu, Nicolae and Lasse Heje Pedersen, “Efficiently Inefficient Markets for Assets
and Asset Management,” The Journal of Finance, 2018, 73 (4), 1663-1712.

_ and _ , “Active and passive investing,” Available at SSRN 3253537, 2019.

Gorton, Gary B and George G Pennacchi, “Security Baskets and Index-Linked Secu-
rities,” Journal of Business, 1993, pp. 1-27.

Grossman, Sanford J. and Joseph E. Stiglitz, “On the Impossibility of Informationally
Efficient Markets,” American Economic Review, 1980, 70 (3), 393-408.

Hayek, Friedrich A., “The Use of Knowledge in Society,” American Economic Review,
1945, 35, 519-530.

Hong, Harrison, Jeffrey D Kubik, and Jeremy C Stein, “Social interaction and
stock-market participation,” The journal of finance, 2004, 59 (1), 137-163.

Huang, Shiyang, Zhigang Qiu, and Liyan Yang, “Institutionalization, delegation, and
asset prices,” Journal of Economic Theory, 2020, 186, 104977.

Kacperczyk, Marcin, Stijn Van Nieuwerburgh, and Laura Veldkamp, “A rational
theory of mutual funds’ attention allocation,” Econometrica, 2016, 84 (2), 571-626.

Kacperczyk, Marcin T, Jaromir B Nosal, and Savitar Sundaresan, “Market power
and price informativeness,” Awvailable at SSRN 3137803, 2018.

Kyle, Albert S., “Continuous Auctions and Insider Trading,” Econometrica, 1985, 53 (6),
1315-1335.

_, “Informed Speculation with Imperfect Competition,” Review of Economic Studies, 1989,

56 (3), 317-355.

30



Kyle, Albert S, Hui Ou-Yang, and Bin Wei, “A model of portfolio delegation and
strategic trading,” The Review of Financial Studies, 2011, 24 (11), 3778-3812.

Lee, Jeongmin and Albert S. Kyle, “When are financial markets perfectly competitive?,”
2018.

Malikov, George, “Information, Participation, and Passive Investing,” Awvailable at SSRN
3299280), 2019.

Morningstar, “4 Lessons From Another Year of Falling Fund Fees,” Jun 2020.

Muendler, Marc-Andreas, “The possibility of informationally efficient markets,” Journal
of Economic Theory, 2007, 133 (1), 467-483.

Ou-Yang, Hui and Weili Wu, “Net trade and market efficiency in Grossman and Stiglitz
(1980),” Journal of Economic Theory, 2017, 167, 75-85.

Poterba, James M, Steven F Venti, and David A Wise, “401 (k) plans and future
patterns of retirement saving,” The American Economic Review, 1998, 88 (2), 179-184.

Sammon, Marco, “Passive Ownership and Price Informativeness,” Awailable at SSRN,
2020.

Sharpe, William F, “A simplified model for portfolio analysis,” Management science, 1963,
9 (2), 277-293.

Stambaugh, Robert F, “Presidential address: Investment noise and trends,” The Journal
of Finance, 2014, 69 (4), 1415-1453.

Subrahmanyam, Avanidhar, “A theory of trading in stock index futures,” The Review
of Financial Studies, 1991, / (1), 17-51.

31



Appendix: Proofs

Proof of Propositions 1. Recall the optimal demand schedule of the manager (4), into which

the conditional expectation and variance given the signal (E[v; | s;] = 1 +T —Ls;; var (v; | s5) =

2
7 ) can be substituted into to obtain

qi (pj) = x; <Tjsj_(1+7j>pj>. (A1)

oy,
For an uninformed manager’s demand schedule, start with a linear price conjecture:
pi = 0s, (55— 0:,%) , (A2)

from which —ep L is extracted with the error variance:
N
J

2
O'T]

0? o
var [e; — 0., 2] = angj’l + eiﬂi = o*i (1 4+ 25 ) : (A3)

Since ¢;, defined by (5), is the fraction of precision revealed by prices relative to the total

0% o2 -
¢j=<1+1—3) , (A4)

@575
I+¢;7; 0

precision,

which, together with Bayes’ law and normality, implies E [v; | p;] =

2

1+¢] ]

- and var [v; | p;] =
55
. Then the uninformed manager’s optimal demand schedule is
Bl lp)-p, (1 (1-6) o) )

U
qj (pj) = == Di.
7 yvar [v; | pj] V%j !

Clearing the market with (A1) and (A5) (i.e. L} (p;) + U;qY (p;) = z;), the price is

1 oy,

2
S e ey e oy

Now, we make sure the market clearing price is consistent with the conjectures. First,

(A6)
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solve the coefficient on s; to obtain

-1
95:<1+ Xil; + Uj ) '
! 75 (X;L; + ¢;U;)

2

Second, substituting 6., = i into (A4) implies

X;i157;
2\ —1
b= 14 (’VUijzj)
j = 2 :
75 (X;1;)

Lastly, to find yx;, rewrite market clearing condition as

2

. yo? (=2 = vos (XL + &;U;) (df - =)
"\ (1 + (1 - 0;;) %rj) L N A

to obtain A, which can be substituted into the definition of x; (3) to solve for ¢, as

(1—=x;)U; — (1 +15) Xil;

%= 2—=x+7)U;

Combining this with (A8) yields the cubic equation of x;:

(00,0:,)" (U; — (U; + (L + 1) L) xg) = 75 (1 + 73) (U + x51) (G 1)

(A8)

(A9)

(A10)

(A1)

Note that for x; € [0, 1], the LHS is monotonically decreasing from (’yavj azj)Q Uj to a negative

constant, while the RHS is monotonically increasing from 0 to 7; (1 + 7;) (U; + ;) I 32 Hence,

there exists a unique y; € (0, 1) that solves the cubic equation (A11). Also, notice that x; > 0

ensures that the second order condition for the informed manager holds.

]

Proof of Lemma 1. Use the well-known property of the chi-squared distribution: For a stan-

dardized normal random variable z ~ N (0, 1), provided that 1 4+ 2vK > 0,

v L

E [oxp (- (K22 + Lz + M))] = ﬁexp (—’y (‘Q(T;K) n M)> .

First, start with uninformed managers. Define e;- = wiEllp]
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St Using ¢; and applying
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(A12) imply

E [exp (= (v; = p;) @) | pj] = exp <—7 <(E [v; | 9] —py) ¢ — TIPS [;)j | pj]qu)) .
(A13)
Substituting the uninformed manager’s demand schedule into above and again applying
(A12) produce

CE pl-p)")] var [v; | pj] _ (var[y; —p])
E[eXp< " 2yvarfv; T p)] )] ‘\/ var[vj\pjwvar[E[vj—pjrpm‘(var[vj\m) |

(A14)

where the second equality follows from the law of total variance.

Next, consider the informed manager. With a slight abuse of notation, redefine e;- =
%[v]llsj]] Similarly to before, use the informed manager’s demand schedule and apply (A12)
var ’Uj Sj

to obtain

o — o I s ] — e [ o (B0 [85] = py)°
E [exp (=7 (v; —pj) 4;/1;) | 5, p5] p( T et o 5] ) (A15)

To get the conditional expectation given p;, define « as a regression coefficient of E [v; — p; | 5]
onto p; (i.e. E[v; — p; | s;] = ap; + Be; ) so that €/ ~ N (0,1) is independent of s; and p;.
Using « and £,

X 2
E [GXP (—7 (v; — pj) q;/fj) | Sj7pj] = exp <—7m <042P? + 2045173'6;/ + (e;') )) :
(A16)
Applying (A12) to above implies
1 X;0°pj
E [exp (= (v; — p;) ¢! /L) | p;] = eXp( J . (A17
|: ( ( J ]) ]/ .7) ‘ .7] 1 N a’f[ixlﬂs] 27 (Var [U] | Sj] _i_X]BQ) ( )

With p; ~ N(0, var[p;]), again applying (A12) to above gives

NI
NI

(B + aPvarlp))) > -

E[exp(—wvj—pj)qf/fj)]:(HXJ e :<1+ .var[E[vj—msjn)—

N [vj | 54]
A18)

From the law of total variance, the RHS can be further simplified to

(o) - (oo (155 () - o

T var [v; | 8]
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Finally, to determine var [v; — p;|, use the equilibrium price (6) to express

~yo2.
G L+ U)oy — (LT + Usdiy) <EJ‘ oy ZJ’)

o A20
1 Xilj (1 +7;) +U; (1 + ¢575) (A20)
H
o I +U;)? L+ U;p;)Z
Ol +Up)" + 0l +Uids)” 55,
var [v; — p;] = . (A21)
OGL L+ 1) +U; (L4 ¢ym5))"
0'2.
and combining this with var[v; | p;| = # and rearranging give the ratio:
varfv; —ps| _ 7 (1—¢y)° (A22)
_1\2°
var [v; | ps] ¢ (1+ 75+ (1+6,7) Uy (i) )
]

Proof of Propositions 2. First, for given ¢; and x; in Proposition 1, find the masses of in-

formed investors I; and U;. From the equilibrium price efficiency (8),

VOv;0z; ¢j
I, = . - ) A
’ Xi \ (L= ¢y) (A23)

From the equilibrium liquidity (7),

v (1+75) (X;‘fj) ((7%%)2 +7; (Xjfj)2> _ (1+ 1) (1) Az
(v0u,0.,)" (1= x;) — 7 (L +75) (x;1;)° (- Xi) (L= 65) = (L4 75) ¢;

where the second equality follows from (A23).
In an interior equilibrium, the certainty equivalents ujl and ugj satisfy the indifference

condition (16). From Lemma 1,

e?’y(kj+20]1-) =1— X] + 62'7(]€j+20§-]) (%) X]? (A25)
3T

which can be solved for x; as

(1+¢75) (62”("’1“09 — 1)
(14 75)e %290 — (14 ;7))

Xj = : (A26)
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Finally, we need to solve for ¢;. Again from Lemma 1,

e2kir2cd) _ 4 (1=~ ¢j)2 , (A27)
oy (1+TJ (1 +¢5m) U (xs15) 1)2

which can be simplified into

| 16,
12kt p) = J A28
\/¢JTJ <6 ) 1+Tj+Uj(Xj[j)7l(1+¢jTj) ( )

Substituting (A24) into the R.H.S and rearranging yield

L+ ¢

_ 1 2’yk+20)_1 A2
2\, — ¢ — (147 \/ij )7 (A29)

and finally substituting (A26) into above yields

) e2fy(k]-+20§) -1 el 1/2
— — e 30 (1 — gbj (1 + TJ) ( -1 (eQ’Y(kg+2 i) 1) ¢j) ) ‘
L0575 (14 7)™ — (14 ¢;m))

(A30)

To show the existence and uniqueness, note that in (A29), the RHS is decreasing in ¢,
while the LHS is increasing in ¢; since x; increases in ¢; from (A26). Hence, the solution
is unique if it exists. Further, for ¢, — 0, the LHS approaches ﬁ < 1, while the RHS
approaches 1. For ¢; — 1, the RHS goes negative. Therefore, there is a unique solution ¢,

that is between zero and one. O

Proof of Corollary 1. To determine ((inUJ, rewrite (7) as

(yavjazj)Q (L=x)U;j — 7 (L4 15) I2X3U; = (VUUJ-UZ]-)Q (L+7) Lix;+75 (L+75) X3,
(A31)
where the left hand side is decreasing in y; and the right hand side is increasing in ;. Since
increasing U; would increase the left hand side while the right hand side is unaffected, x;
increases (i.e. dx;/dU > 0). O

Proof of Proposition 7?7. From (8) in Proposition 1, we have

o; _ 09; dx;

_ A32
dU ~ dx; dU’ (A32)

0%; . . . : .
where o 0. Since y; increases in U; from Corollary 1, ¢; increases in U;.
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If informed investors are assumed to take prices as given with x,; = 1, ¢; (given by (?7))
is independent of U; (i.e. d¢;/dU = 0). If we additionally assume [; 4 U; is a given constant,

¢; decreases in Uj, since ¢; increases in [; and I; decreases in Uj. O

Proof of Proposition 7?7. Begin with (i) the comparative statics with respect to k. Recall
(A29):

L+ ¢
2 =X
where the LHS is increasing in ¢; and the RHS is decreasing in ¢;. Again recall (A26):

1= 4~ (L+ 7)oy (e - 1), (A3

6476 _ e—ZWk 1+fj - dvye
P N i i N (A34)
J 1+Tj . 6727’“ 1+T]' . 672,Yk’
1+¢57; 1+¢57;

which increases in k since yx; is less than one. Hence, keeping ¢, fixed, the LHS of (A33)
increases in k and the RHS decreases in k. Together, as k increases, the LHS and the RHS
meet at ¢; that is lower, and ¢, decreases in k (i.e. d¢;/dk < 0).

For (ii) the comparative statics with respect to ¢, note that the RHS in (A33) does not
directly depend on ¢, while the LHS increases in ¢ as so does x;. Hence, increasing ¢ will
decrease the equilibrium ¢;, at which the LHS and the RHS meet (i.e. d¢;/dc < 0). O

Proof of Corollary 2. In (21) in Proposition 2, noise trading o,; has no effect on ¢;. More
generally, the product vyo,0.; does not affect ¢;, except for v being used to transform the

dollars such as k£ and c into utility. O

Proof of Corollary 3. Take the limit as both ¢ and k approach zero in (20) in Proposition
2 to obtain that y; approaches zero. Again taking the same limit in (21) yields that ¢,
approaches 1/(2 + 7). O
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