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Abstract
We study the effects of institutionalization on fund manager compensation and asset
prices. Institutionalization raises the performance-sensitive component of the equilib-
rium contract, which makes institutional investors effectively more risk averse. Institu-
tionalization affects market outcomes through two opposing effects. The direct effect
is to bring in more informed capital, and the indirect effect is to make each institu-
tional investor trade less aggressively on information through affecting the equilibrium
contract. When there are many institutions and little noise trading in the market, the
indirect contracting effect dominates the direct informed capital effect in determining
market variables such as the cost of capital, return volatility, price volatility, and mar-

ket liquidity. Otherwise, the direct informed capital effect dominates.
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1. Introduction

One salient trend in most modern financial markets is institutionalization.! Financial insti-
tutions such as mutual funds and hedge funds hold a majority of equities and engage in most
of the trading volume in financial markets.? Financial institutions do not trade their own
money. Instead, they collect money from households and hire professional money managers
to operate; therefore, there are agency and delegation issues in portfolio management. In
this paper, we study how institutionalization affects manager compensation and asset prices
by analyzing a financial market model with delegated portfolio management and endogenous
information acquisition.

Our model features three types of players: financial institutions (funds), managers, and
retail investors. The financial market has two assets, one risk-free asset and one risky asset.
Each fund hires a portfolio manager to operate the fund and trade the assets. Retail investors
trade assets on their own. We parameterize institutionalization as an increase in the number
of funds (and a decrease in the number of retail investors). In our model, managers are able
to produce superior information about the risky asset’s payoff, which captures the fact that
in practice, on average, financial institutions are more informed than individual investors.
However, funds cannot observe managers’ information-acquisition decisions and portfolio
choices and thus, moral hazard arises (i.e., managers shirk from acquiring information and
enjoy a quiet life). Each fund, therefore, designs an incentive contract to ensure that its
hired manager exerts effort to acquire and trade on information.

We follow the literature and assume that the contract is linear in trading profits (e.g.,
Admati and Pfleiderer, 1997; Kyle, Ou-Yang, and Wei, 2011, KOW henceforth). The inter-
cept term a in the linear contract provides a fixed salary. The slope term b in the contract
corresponds to a proportional management fee that provides incentives and thus, we refer to

it as the “incentive component” of the contract. As Admati and Pfleiderer (1997) show, a

'In  Campbell R. Harvey’s Hypertextual Finance Glossary, institutionalization refers to
“(t)he gradual domination of financial markets by institutional investors, as opposed to
individual investors. This process has occurred throughout the industrialized world.”
(http://people.duke.edu/~charvey/Classes/wpg/bfglosi.htm)

2For instance, institutional investors accounted for more than 80% of US equity ownership in 2007, com-
pared to 50% in 1980 (French, 2008; Stambaugh, 2014). According to TheCityUK, in 2013, approximately
$87 trillion in assets (comparable to the global GDP) are managed by financial institutions globally.



linear contract alone cannot induce a manager to exert effort because the manager can scale
up or down the portfolio choice and undo the incentive of the linear contract. To circum-
vent this irrelevance result, some types of market frictions have to be introduced such that
managers cannot freely undo the incentive. In our setup, the frictions are transaction costs,
which can be construed as transaction taxes imposed by taxing authorities.

We show that institutionalization raises the incentive component b of the equilibrium
contract. Intuitively, as more institutional investors are present in the market, their trad-
ing brings more information into the price (recall that, in equilibrium, institutions design
contracts to motivate their managers to acquire information). This reduces the uncertainty
faced by an uninformed investor and strengthens the incentive of a portfolio manager to
deviate from acting as an informed investor. As a result, funds have to abandon a higher
fraction of the trading profits to the managers to ensure that they continue to acquire and
trade on information.

This incentive result implies that institutionalization has two competing effects on market
variables. The direct effect is that institutionalization directly brings more informed traders
into the market, and their trading directly injects information into the asset price. We label
this effect the “informed capital effect.” The indirect effect is that institutionalization raises
the effective risk aversion of each institutional investor, since a hired manager has more skin
in the game (due to the increased incentive variable b). This causes each institution to trade
less aggressively on information. We call this indirect effect the “contracting effect.”

We investigate five market variables that are often discussed in the literature (e.g., Vives,
2010; Easley, O'Hara, and Yang, 2016; Goldstein and Yang, 2017; D&vila and Parlatore,
2018): price informativeness, the cost of capital, return volatility, price volatility, and mar-
ket liquidity. We find that for price informativeness, the informed capital effect always
dominates the contracting effect, such that institutionalization improves price informative-
ness. However, for other variables, the contracting effect can dominate, and thus, agency
issues can qualitatively change the behavior of those variables.

In a benchmark economy without agency problems, only the informed capital effect is
at work. In this case, institutionalization injects more information into the price and makes

the current asset price closer to the future asset payoff, which therefore improves price in-



formativeness and lowers return volatility. Institutionalization reduces the cost of capital by
lowering the average perceived risk faced by investors: institutionalization directly brings in
more institutional investors, who are informed and thus face less risk than uninformed retail
investors; in addition, the improved price informativeness also reduces the risk perceived
by the remaining retail investors. Institutionalization can affect price volatility and mar-
ket liquidity in a non-monotonic pattern, as institutionalization, on the one hand, provides
fundamental information and, on the other, worsens the adverse selection problem. Nonethe-
less, we can show that when the market is primarily dominated by institutional investors,
institutionalization always decreases price volatility and increases market liquidity.

In an economy with agency problems, the contracting effect becomes operative, and
it affects market variables differently from the informed capital effect. For instance, the
informed capital effect decreases return volatility and the cost of capital, but the contracting
effect increases return volatility and the cost of capital. The contracting effect dominates
the informed capital effect when the number of institutions is large and the amount of noise
trading is small. Since the contracting effect operates by changing the effective risk aversion
of every institutional investor, this effect is particularly strong when many institutions are
present in the market. Thus, it is more likely for the contracting effect to dominate in a more
institutionalized market. When the amount of noise trading is small, the financial market
effectively aggregates information, which implies that both the informed capital effect and
the contracting effect can be strong. Nonetheless, the contracting effect is stronger than the
informed effect. As a result, in a highly institutionalized market with little noise trading,
institutionalization increases the cost of capital, return volatility, and price volatility, while
it decreases market liquidity. This pattern is the opposite of that in a benchmark economy
without delegation.

We also analyze a few extended economies. In Section 5, we consider a finite economy
such that institutions are “large” and have price impacts. This extension allows us to consider
two dimensions of institutionalization: an increase in institutionalized capital can be due to
an increase in either the number of institutions or the size of each institution. We show that
our results remain the same under both interpretations of institutionalization. The analysis

about fund size also suggests an explanation for the fact that the institutional sector grows



on the one hand, and on the other hand, fees for active management have declined over the
recent years.

We report other extensions in the Online Appendix. In one extension, we allow portfolio
managers to spend a higher cost to acquire a more precise signal. We find that institutional-
ization increases the precision of acquired information in equilibrium. In another extension,
we consider multiple types of institutions to separate the delegation role and the information-
acquisition role of portfolio managers. We find that both delegation and informed trading
are important in driving our results, which suggests that our model is more applicable to
active funds. In the last extension, we endogenize institutionalization by allowing ex ante
identical investors to choose to become an institution, and examine the implications of in-

stitutionalization driven by different forces.

Related Literature Our paper contributes to the literature studying the implications of
institutional investors for asset markets. Most of the existing studies cast their analyses in
settings with symmetric information (e.g., Gabaix, Gopikrishnan, Plerou, and Stanley, 2006;
Kaniel and Kondor, 2012; Basak and Pavlova, 2013). In contrast, our paper explores asset
markets with asymmetric information. Below, we discuss a few studies that also analyze
asymmetric information settings and are thus the most closely related to our paper.

Three recent papers have explored the implications of institutional investors for price
informativeness. KOW (2011) develop a setting with a single fund. The fund’s trading has
price impacts, which breaks down the irrelevance result highlighted by Stoughton (1993) and
Admati and Pfleiderer (1997). Our study differs from and complements KOW (2011) in two
important ways. First, the channels are quite different in these two papers. The channel in
KOW (2011) operates through the information acquisition of the informed institution, and
adding delegation only amplifies this information-acquisition channel. In our setting, the
channel operates by changing the contract incentive b, which in turn is driven by uninformed
investors free riding on price information. This free-riding problem is absent in KOW (2011),
because there is only one informed trader in their setting. Second, the focus is different: the
primary focus of KOW (2011) is price informativeness and the existence of equilibrium;

in contrast, the novel results in our paper are not about price informativeness but other



financially interesting variables such as the cost of capital, return volatility, price volatility,
and market liquidity.

Breugem and Buss (2019) study the joint portfolio and information choice problem of in-
stitutional investors. In their setup, some institutional investors care about their performance
relative to a benchmark, and such a relative performance concern can make institutional in-
vestors more risk averse in the case of power utility (but not in the case of exponential utility,
or constant absolute risk aversion (CARA) utility). Our model complements their study by
providing a different channel that is related to moral hazard rather than benchmarking con-
cerns. Our channel operates in the case of CARA utility. These two channels can have
different implications for price informativeness and asset prices. For instance, Breugem and
Buss (2019) predict that benchmarking-driven institutionalization monotonically decreases
price informativeness and increases return volatility. By contrast, our model predicts that
institutionalization increases price informativeness and can non-monotonically affect return
volatility.

Kacperczyk, Nosal, and Sundaresan (2018, KNS henceforth) explore the market power
of institutional investors and price informativeness. They show that the size and concentra-
tion of institutional investors have the opposite effects on price informativeness. Our study
complements KNS (2018) because we consider some dimensions that they do not and they
consider some dimensions that we do not. For instance, our channel works through moral
hazard, which is absent in KNS (2018), and our novel results concern variables other than
price informativeness, such as the cost of capital and return volatility. KNS (2018) consider
multiple assets and the choice between active and passive investing, which is absent from
our analysis.

Two additional papers studying moral hazard and asset markets are Huang (2016) and
Sockin and Xiaolan (2019). Huang (2016) considers a buy-side analyst setting in which
the agent only acquires information but does not trade. This leads to different contract
implications from ours. Sockin and Xiaolan (2019) connect the incentive equilibrium with
moral hazard to financial market equilibrium, but their focus is on the link between a model-

implied measure and several widely adopted empirical statistics capturing managerial ability.



Figure 1: Model Timeline
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2. A Model of Financial Institutionalization

The economy lasts for three periods: ¢ = 0,1, and 2. The timeline of the economy is
depicted in Figure 1. On date 1, a financial market operates. Financial institutions and
retail investors trade financial assets that will deliver payoffs on date 2. We can interpret
financial institutions as mutual funds or hedge funds. To facilitate the exposition, we simply
refer to institutions as funds and use these two words interchangeably. We normalize the
total mass of institutional and retail investors as 1. We use A € (0,1) to denote the mass of
funds, and the remaining mass 1 — A is reserved for retail investors. Parameter A\ controls
the degree of financial institutionalization in our setting. We will follow Basak and Pavlova
(2013) and conduct comparative statics analysis with respect to parameter A to examine the
implications of institutionalization. On date 0, each fund hires a portfolio manager who is
capable of developing costly information that is useful for the later trading in the financial
market. Effort undertaken to acquire and trade on information is unobservable, which leads
to a moral hazard problem. Therefore, funds need to design incentive contracts to motivate

their hired managers to work at acquiring information.



2.1. Financial Market and Retail Investors

Two assets, a risky asset and a risk-free asset, are traded in the date-1 financial market.
The risk-free asset pays a constant return, which is normalized to 0 for simplicity. The risky
asset, which can be interpreted as an index or a single stock, has an endogenous prevailing

price p. It pays a liquidation value f on date 2,

Ff=0+2 (1)
where 0 ~ N(0,7,') and & ~ N(0,7-1) with 7, 7. € (0,00). The variable ¥ is the learnable
element, and the variable ¢ is the non-learnable element. The supply of the risky asset is
given by Q — &, where Q > 0 is a constant and & ~ N (0, Tgl) with 7¢ € (0,00). The random
variables (ﬁ,é,g’) are mutually independent. The variable & represents a demand shock,
which can be viewed as random floating shares changing from the perspective of rational
investors.®> As standard in the literature, noisy supply/demand provides the randomness
necessary to make our rational expectations equilibrium (REE) partially revealing.

Financial institutions (with mass A) and retail investors (with mass 1 — \) trade assets
to maximize their conditional expected utilities. Trading is costly for both types of investors
in the economy. We introduce transaction costs to avoid the irrelevance result highlighted
by Admati and Pfleiderer (1997) (see Remark 1). We assume that transaction costs are
quadratic in an investor’s demand D; as follows:

ST x D, (2)
where T is a positive constant. The quadratic form of transaction costs is commonly adopted
in the literature as a reduced form to model trading frictions, which can be interpreted as
transaction taxes charged by taxing authorities or commission fees charged by brokerage
firms (e.g., Subrahmanyam, 1998; Dow and Rahi, 2000; Garleanu and Pedersen, 2013; Vives,
2017; Dévila and Parlatore, 2019). As in Subrahmanyam (1998), transaction costs do not
influence the behavior of noisy demand &, since by construction, noisy demand operates in

a price-inelastic fashion.

)

3 Alternatively, the noisy demand can come from the trading of “sentiment traders,” who trade on noise
as though it were information (e.g., Mendel and Shleifer, 2012; Peress, 2014; Banerjee and Green, 2015; Rahi
and Zigrand, 2018). These traders are irrational individuals since they have incorrect beliefs. The retail
investors analyzed in our setting represent rational individuals who have correct beliefs and actively infer
information from the price.



Retail investors are risk averse and have CARA utility functions over their final date-

2 wealth Wy : —e‘”WR, where 7 is the risk aversion parameter. Let Dy denote a retail
investor’s demand for the risky asset. Given the transaction cost function (2), we have

Wa = Da(f —5) ~ 3TD%, ®)

where we have normalized the investor’s initial wealth as 0, which is without loss of generality

under CARA preferences. Retail investors do not receive any private information when

trading, although they can actively extract information from the asset price p.

2.2. Financial Institutions and Agency Problems

Financial institutions have to hire portfolio managers to acquire information and trade.
Managers have the skills to acquire private information about the asset payoff f and trade
assets based on this private information. We assume that the pool of managers is sufficiently
large that each fund can hire one manager on date 0. Then, a hired manager can pay cost
¢ > 0 to observe element  in the asset payoff f in (1) before trading in the date-1 financial
market.* The cost ¢ can represent a manager’s time spent conducting fundamental research,
money spent on firm visits, or forgone private benefits from shirking. We focus on the
scenario in which hired managers are incentivized to acquire information ¢ in equilibrium,
meaning that institutional investors are more informed than retail investors.’

Because funds cannot observe whether fund managers exert effort to acquire information,
a principal-agent problem arises. To solve the agency problem, each fund (the principal)
designs an incentive contract to motivate its hired manager (the agent) to undertake effort.
We now describe the incentive contracts and trading behavior of institutions.

Let us consider fund i € [0, A\]. The fund’s manager invests in D; shares of risky assets,

4We here assume that all managers acquire a common signal with a given precision level. In the Online
Appendix, we consider an extension in which managers acquire heterogenous signals and can pay a cost
to improve the precision level of the acquired information. We show that our results are robust to this
extension. An additional result is that institutionalization encourages information acquisition through the
incentive channel highlighted by our analysis.

°In the Online Appendix, we consider a setting with multiple types of institutions, in which some insti-
tutions, such as active funds, engage in both delegated trading and information acquisition, while others,
such as passive funds, only engage in delegated trading but do not produce information. We find that both
delegation and information acquisition are important in driving our results.



which incurs transaction costs %TDZ-2 and generates the following trading profits:
W, = Di(f ) — 57D} g
In practice, fund manger’s contracts are based on assets under management. This may imply
that funds’ initial sizes matter for compensation, which makes the model intractable. We
therefore follow the literature (e.g., KOW, 2011) and consider contracts under which the
manager’s compensation S (Wl) linearly depends on the fund’s trading profits W; as follows:
S(W;) = a; + bW, (5)
where a; and b; are two endogenous constants. In particular, the slope b; of the linear con-
tract determines the sensitivity of manager compensation to fund profits, which is expected
to provide incentive for the manager to work hard. We can interpret b; as the proportional
management fee and refer to it as the incentive component of the contract. Linear incentive
contracts are widely used in the industry (c.f., Massa and Patgiri, 2008) and receive substan-
tial attention in the principal-agent literature (e.g., Admati and Pfleiderer, 1997; Stoughton,
1993; Bolton, Scheinkman, and Xiong, 2006; KOW, 2011). As standard in this literature,

we restrict b; € [0, 1] to make the problem economically meaningful.

Managers derive expected utility over final wealth according to CARA utility functions
with a common risk aversion coefficient ~. All managers have the same reservation wage
W, which can be interpreted as the best alternative opportunity that managers can achieve.

Recall that acquiring information costs c¢. Thus, for fund i’s manager with compensation

S(W;), her final wealth on date 2 is
S(Wi) = cLiesorty. (6)
where If.gort) is an indicator function defined as
1, if fund 7’s manager exerts effort to acquire information,

[{cffort} = . (7)
0, otherwise.

We seek an equilibrium in which the incentive contract (5) solves the moral hazard
problem. That is, in equilibrium, fund ¢ designs an optimal contract to motivate its manager
to exert effort to acquire information ¥. Thus, in the date-1 financial market, fund i’s

manager has information set {0, 5}, and the manager chooses the optimal demand for the



risky asset as follows:

D: = arg n}jaXE — e S(Wi)~d

B, ®)
On date 0, when solving for the principal’s optimal contract, we need to consider two
additional constraints: the incentive compatibility (IC) constraint and the participation con-
straint (PC). The IC constraint states that the manager’s expected utility with information
acquisition (observing {0,p}) exceeds her expected utility without information acquisition

(observing p), that is,
E lmaxE(—eV[S(Wi)c]w,ﬁ)} > FE {n}jaxE(—eVS(Wi)

p)|- (9)

Given the reservation wage W (e.g., from outside options), a manager accepts fund i’s

1 7

contract (5) if her expected utility from accepting the contract exceeds her reservation utility

from consuming the reservation wage W, leading to the following PC:
E {%%XE(—e-WS(Wﬂ—C]w, ;5)} > E(—e). (10)
After paying its manager compensation S(W;), fund i is left with payoff

W; — S(W;). (11)
We follow the literature (e.g., KOW, 2011) and assume that funds as principals are risk

neutral.> On date 0, fund 7 chooses contract parameters a; and b; to maximize
E Wi - 57|, (12)
where W; and S(WW;) are given by equations (4) and (5), respectively. The principal’s optimal
contract is chosen subject to three constraints imposed by the agent: the optimal portfolio
investment (8), the IC constraint (9), and the PC (10). Since there are infinitely many
funds (and managers) in the economy, we consider a competitive incentive equilibrium, in
which each fund 7 chooses its contract parameters a; and b; and takes as given other funds’
contracting problems and other managers’ trading strategies. In Section 5, we consider a

variation with a finite number of noncompetitive funds and show that our results are robust.

6Stoughton (1993) uses a Wilson (1968) syndicate to justify this risk-neutral assumption. That is, most
pension and mutual funds are composed of many investors. In this sense, a fund can be viewed as a Wilson
(1968) syndicate formed by many risk-averse individual principals. The syndicate’s risk tolerance is equal to
the sum of the individual risk tolerances. As such, in the limit, as the number of individuals becomes large,
the syndicate’s risk aversion goes to zero.

10



2.3. Equilibrium Concept

The overall equilibrium in our model is composed of two subequilibria. On date 1, the
financial market forms a noisy rational expectations equilibrium (noisy-REE). On date 0,
each fund chooses an optimal contract (a},b}) to motivate its hired manager to acquire
information. We consider symmetric equilibria at the incentive stage; that is, a; = a] = a*
and by = bj = b* for i # j and i, j € [0, A].

Definition 1. A symmetric equilibrium consists of a date-0 contract, (a*,b*); a date-1 price

function, p(v,€) : R*> — R; a date-1 demand function of informed institutions, Dy (0,p) :

R? — R; and a date-1 demand function of retail investors, Dg (p) : R — R, such that:

1. (Incentive equilibrium) On date 0, given that other funds choose (a*,b*), contract
(a*,b*) mazimizes fund i’s expected payoff (12) subject to optimal portfolio investment

(8), the IC constraint (9), and the PC (10).

2. (Financial market equilibrium) On date 1, informed managers and retail investors
submit their optimal portfolio choices Dy (0,p) and Dg (p) to mazimize their respective
expected utilities conditional on their respective information sets. The equilibrium price

p(0,€) clears the asset market almost surely:

AD;(0,p) + (1= A)Dr (p) = Q —¢. (13)

2.4. Discussions on Institutions and Institutionalization

We use this subsection to discuss the concepts of institutions and institutionalization. This
discussion serves to clarify what key features of these two concepts are captured by our
analysis and what features are crucial in driving our results.

In practice, relative to retail investors who self-direct their trades, an institution has the

following three salient features:

e Delegation and informed trading. Consider a mutual fund as an example. A mutual
fund can be construed as a company. The clients of a mutual fund are its shareholders.

The fund manager, who can be viewed as a chief executive officer (CEQO), is hired

11



by a board of directors who work in the best interests of mutual fund shareholders.
Thus, as standard in corporate theory, there is a principal-agent problem between
the fund shareholders (principal) and the fund manager (agent). The hired portfolio
manager is incentivized to spend effort researching securities and devising investment
strategies. Our model follows Stoughton (1993) and KOW (2011) and captures this
feature of institutions. Specifically, in our setup, studying securities is modeled as
information acquisition; after acquiring information, an informed agent sells her private
information in the form of a fund in which a representative, uninformed, risk-neutral
client (principal) entrusts her money to the informed trader, who serves as the fund
manager (agent); the principal designs an optimal linear sharing rule to induce the
agent to exert effort on both information acquisition and subsequent trading in the
risky asset (see also KOW (2011, pp. 3782-3783)). In our baseline model, institutions
feature both delegation and informed trading. In the Online Appendix, we consider an
extension to accommodate those institutions such as passive funds who only engage in
delegated trading but do not provide information, and find that our results are driven

by both delegation and informed trading.

Size and price impact. Institutions typically manage money from a large number of
individuals; hence, their trading moves prices (e.g., KOW, 2011; KNS, 2018). KOW
(2011) use this price-impact feature to break down the “undo effect” discussed by
Admati and Pfleiderer (1997). In our baseline model, for the sake of tractability, we
specify that institutions are atomistic and use transaction costs as a reduced form to
circumvent the “undo effect” (see Remark 1). Transaction costs are also empirically
relevant and can be interpreted as transaction taxes imposed by taxing authorities. In
Section 5, we consider a variation that assumes “large” institutions with an endogenous

price impact and demonstrate that our results remain robust.

Benchmarking. Fund managers care about their performance relative to a certain
index, due to explicit incentives such as performance fees or implicit incentives such
as reputation concerns. This feature has been extensively analyzed in the literature

(e.g., Leippold and Rohner, 2011; Basak and Pavlova, 2013; Breugem and Buss, 2019).

12



To make our results transparent, we do not consider this benchmarking feature in the
baseline model. Nonetheless, in the Online Appendix, we analyze a setting which uses
benchmarking to define institutions and find that benchmark concerns alone are unable

to deliver our results.

Institutionalization refers to the increase in the capital controlled by institutions. An

increase in the institutionalized capital can come from two channels:

e An increase in the number of funds. For instance, based on the CRSP mutual fund
dataset, in 1998, there were approximately 850 domestic equity funds in the US market,
and this number had grown to approximately 12,000 in 2017. Our baseline model in

Section 2 captures this feature of institutionalization.

e Anincrease in the size of each fund. KNS (2018) document that in the US stock market,
the equity holdings by ten largest institutional investors have increased substantially
over the last three decades. Our baseline model in Section 2 does not capture this
feature of institutionalization. Nonetheless, this feature is explored by the variation
setting presented in Section 5, and our results are robust to this fund-size interpretation

of institutionalization.

3. Equilibrium

We solve the equilibrium backward. We first compute the noisy-REE in the date-1 financial
market under any given incentive contract (a,b). We then return to date 0 to compute the

equilibrium incentive contract (a*, b*).

3.1. Financial Market Equilibrium

In the date-1 financial market, retail investors and institutions trade assets against noise
trading. Retail investors are uninformed investors. Institutions are informed because the
equilibrium contract motivates portfolio managers to acquire information ©. Thus, the trad-

ing from portfolio managers injects information v into the asset price p. In addition, the

13



price p is affected by noise trading €. As standard in the noisy-REE literature, we consider
the following linear price function:
P = ao+ a,0 + ack, (14)
where the a coefficients are endogenous.
The demand function D (7, p) of a typical portfolio manager is determined by (8). After

some algebra, we can compute

o E(f|5) —p

P - e 2
yWVar(f|lo)+T

In a standard CARA-normal setting without transaction costs and delegation problems, an

(15)

informed CARA investor’s demand would be .
- E(flv)—-p
Dpr (0,p) = Lka (16)
YWar(f|0)
where the subscript “PT” refers to “proprietary trading.”

We see that Dy (v, p) and Dpr (0, p) differ in the expressions of their denominators. First,
the introduction of transaction costs T' causes the investor to trade less aggressively. As we
will see shortly in Remark 1, transaction costs are necessary for the linear contract to be
effective at motivating the manager to acquire information. Second, from expression (15), the

effective risk aversion of a financial institution is the product of the manager’s risk aversion
~ and the incentive component b of the contract:
Effective Risk Aversion of Institutions =~ x b. (17)
Thus, a change in the equilibrium contract b will change the effective risk aversion b of
institutions, which will in turn affect market outcomes.
Each retail investor observes p and chooses demand Dy to maximize £ (—e_VWR |p) with
Wg given by (3). Similar to a portfolio manager’s optimization problem, we can derive a

typical retail investor’s optimal demand as follows:
N E(flp) —p
Dr(p) = ( |~)~ :
War(flp) +T
Retail investors make inference from the asset price p. According to price function (14), the

(18)

price p is equivalent to the following signal in predicting the asset payoff f:
. _Pb—a G
S, = =7 + Y 19
= = (19)

14



which has precision 7, in predicting :

1 Ay 2
Tp=——"F—<=|—] Te (20)
Var (Z—ié) ag

We use Bayes’ rule to compute the expressions for Dy (0,p) and Dpg (p) in (15) and (18),
respectively. We then insert these expressions into the market-clearing condition (13) to

derive the price as a function of ¢ and &. Comparing this implied price function with the

conjectured price function (14), we can solve for the a coefficients.

Lemma 1. (Financial Market Equilibrium) There exists a unique linear noisy-REE in the

date-1 financial market, with price function given by equation (14), where
Q AI + Av AU/AI + 1

a :——,afu:—7a = i1 A 21
oAy A AT "
. A _ 1) (Tot7p = L7y
with Ay = %+T’AR yﬂ%j@(rﬁw)’A” YA T (7 ) and
2
__(me)Te (22)
P 2
(vo+TT.)

3.2. Incentive Equilibrium

On date 0, funds design optimal contracts to motivate their portfolio managers to acquire
information and trade on this information. Formally, fund ¢ chooses (a;,b;) to maximize
its expected payoff (12) subject to optimal portfolio investment (8), the IC constraint (9),
and the PC (10). When making this optimal choice, each fund takes as given the other
funds’ choices (a*, b*) and the financial market equilibrium. The idea of computing such an
incentive equilibrium is to use the IC constraint (9) to determine the slope b of the linear
contract and to use the PC (10) to determine the intercept a of the contract. Our main
focus is on the determination of b since it determines the manager’s incentive to acquire and
trade on private information.

To check the IC constraint (9), we need to derive the expected utility of a portfolio
manager who acquires information and that of a manager who does not acquire information.
We follow Grossman and Stiglitz (1980) to compute these expected utilities and then show

that the IC constraint for fund ¢’s manager is equivalent to the following condition:
’ybiTe

(b + T12) (1o + 7p)

where 7, given by (22), is taken to be exogenous from the perspective of an individual fund

> M — 1, (23)
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and its manager. Apparently, the left-hand side (LHS) of the IC constraint (23) is increasing
in b;. We can show that for any individual fund i, its expected utility is decreasing in b;, and
thus, each fund will optimally set b; at a value such that the IC constraint (23) holds with
equality. In a symmetric equilibrium, b; = b* for any i € [0, A\]. Thus, replacing b; with b*
and inserting the expression for 7, into the LHS of (23) and setting (23) with equality, we

establish the following condition that determines the equilibrium incentive b*:

b*7.
T e ! (24)
(’7b*+T7‘5) TU+W
Lemma 2. (Incentive Equilibrium) Suppose that
Te S e g, (25)
Ty

and

2(y+TT.) [7'5 — Ty (6270 — 1)} > T2+ 1, \/4)\275 (€2 — 1) 1. — 7, (e27¢ — 1)] + T?%72.
(26)
Then, there exists a unique date-0 contract (a*,b*) in a symmetric equilibrium in which all

institutions hire managers to acquire information, where

Tr. 27, (e2¢—1) — 7] + 7. \/4)\2757'5 (e2¢ — 1) — 4N?77, (e20° — 1) + T272

* 1
: 2 Tro = 7o (e = 1) <01
(27)
and
at=c+W — A, (28)

where the expression of A is given by equation (A8) in the Appendix.

Conditions (25) and (26) are rather technical. Condition (25), which intuitively states
that the information-acquisition cost is relatively small, ensures that the optimal incentive
b* exists and is positive. Under condition (26), the value of b* is smaller than 1, which

guarantees the empirical relevance of the incentive contract.

Remark 1. (Transaction Costs and the “Undo Effect”) Stoughton (1993) and Admati and
Pfleiderer (1997) show that a linear contract is irrelevant to the manager’s effort to acquire
information in a competitive market without transaction costs. This is because the manager’s
portfolio choice is undertaken after information acquisition, and she can freely scale up or

down her portfolio choice to “undo” the incentive effect of the linear contract. In the presence
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of transaction costs (such as transaction taxes or commission fees), the undo effect breaks
down. We formalize this intuition by examining condition (23). Consider any individual fund
i. The LHS of condition (23) measures the manager’s benefit from acquiring information,
while the right-hand side (RHS) measures the cost of acquiring information. If T = 0,
then the LHS of condition (23) is independent of b;, meaning that the fund cannot use b; to
influence the manager’s information-acquisition behavior. By contrast, if T > 0, then the
LHS of condition (23) is increasing in b;, and thus, the manager’s information-acquisition

wncentive is indeed affected by the contract slope b;.

4. Implications of Institutionalization

We interpret institutionalization as an increase in the mass A of institutional investors active
in the financial market. We now follow Basak and Pavlova (2013) and conduct comparative
statics analysis with respect to A to examine the implications of institutionalization for
manager compensation and asset prices.” For manager compensation, we will focus on the
incentive component b. For asset prices, we will explore the following variables that attract
extensive attention from academics and regulators (see Easley, O’Hara, and Yang (2016) and

Goldstein and Yang (2017) for further discussion of these variables):

e Price informativeness (PI). Price informativeness is a measure of market efficiency. We
follow the literature and measure price informativeness as the precision of the posterior

about the asset payoff f conditional on its price,
1 1
I= — = — : (29)
Var(flp) (to+7p) + 721

e The cost of capital (CC). The cost of capital is the expected difference between the
cash flow f generated by the risky asset and its price

CC = E(f = p) = |aol, (30)

where the second equality follows from price function (14).

e Return volatility (RetVol). One unit of asset costs p on date 1, and it pays f on date

"In the Online Appendix, we analyze an extension to endogenize A and consider the implications of
institutionalization driven by different forces.
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2. Thus, the return on the risky asset is f — p. Return volatility can be measured by
_ ;P 2 __ —~ _
RetVol = \/Var(f —p) = \/(1 —ay) Tyl agT oL (31)

e Price volatility (PriceVol). Price volatility is the standard deviation of price p,
PriceVol = \/Var(p \/a27' Lt aZr, ! (32)

o Market liquidity (Liquidity). The literature has used the coefficient a¢ in the price

function to inversely measure market liquidity: a smaller a; means that noise trading
¢ has a smaller price impact and hence that the market is deeper and more liquid (see
Goldstein and Yang (2017)). That is,

Liquidity = aé_l. (33)

This measure of market liquidity is often referred to as Kyle’s (1985) lambda.

To clarify the role of moral hazard, we benchmark our analysis against an economy

without agency problems.

4.1. Benchmark Economy without Agency Problems
4.1.1. Setting and Equilibrium

Our benchmark economy follows the analysis of the “first best” case in Stoughton (1993).
In this case, managers’ information acquisition and trading behavior are observable and
contractible. In designing contracts, a fund need not consider its manager’s IC constraint,
and only considers the manager’s PC. The fund ensures that its manager acquires information
(since effort is observable and contractible), and based on the developed information, the

fund trades by itself to maximize the principal’s utility. Now, fund 7’s problem becomes

(I(Ill%x) E [VVZ — S(WZ)]

subject to the definitions W; and S(W;) in (4) and (5), the PC (10), as well as the optimal

@,ﬁ]

On date 1, a unique linear noisy-REE with price function given by (14) exists in the

portfolio rule D} set by the principal, which is given by
D; = argrrbaxE [VT/Z — S(W7)

financial market. On date 0, we can show that the expected utility of fund i decreases
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with b;. Thus, fund ¢ will optimally set b; at 0. Intuitively, since a fund can perfectly
observe its manager’s effort, the fund does not need to provide variable compensation to
motivate its manager, and therefore, fixed compensation is in the fund’s best interest. We
use superscript “B” to denote the equilibrium variables in the benchmark economy, and
hence, we have b® = 0. After pinning down the slope b® of the linear contract, we can use

the PC (10) to determine the intercept a® of the contract.

Lemma 3. (Equilibrium in the Benchmark Economy) In the benchmark economy, we have

the following:

1. On date 1, there exists a unique linear noisy-REFE with price function given by equation

(14), where
NT + AY ALT/A+ 1
g = — Q B’a‘U: / + g,aé‘:—R / +B (34)
AT + AR NT + AR NT + A
with AS = (17/\)]3(”“5) AB = (1;>\)Tf and
R ’Y+’YTv::p +T(TU+7'E)’ v "Y"F’YTU:—STP +T(TU+T{,3)’
_ N
Ty = male (35)

2. On date 0, funds choose a linear contract with fixed compensation, that is, b® = 0.

4.1.2. Implications of Institutionalization without Agency Problems

In the benchmark economy, the incentive component b” is not affected by the mass A\ of
institutional investors, and thus the contracting channel is shut down. Consequently, the
implications of institutionalization are similar to those of changing the mass of informed
traders in a standard Grossman and Stiglitz (1980) setting.

Institutionalization improves price informativeness PI® and reduces return volatility
RetVol? and the cost of capital CCP. Intuitively, institutions are informed investors, and
thus, having more informed investors incorporates more information into the price, which
improves price informativeness. This in turn reduces the difference between the future value
of the asset and its current price, thereby decreasing return volatility. Institutionalization
reduces the cost of capital for two mutually reinforcing reasons. First, informed institu-
tions trade more aggressively than uninformed retail investors. Second, the improved price

informativeness reduces the risk perceived by retail investors.
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For market liquidity Liquidity® and price volatility PriceVol?, the patterns depend on
the precision 7, of noise trading. Institutionalization affects market liquidity through two
opposing channels: the price efficiency channel and the adverse selection channel. On the
one hand, as price informativeness improves with institutionalization, the current price is
closer to the future asset fundamental, which reduces the price impact of exogenous noise
trading. On the other hand, institutional investors have private information, and thus, insti-
tutionalization worsens the adverse selection problem faced by uninformed retail investors,
which harms market liquidity. When there is considerable noise trading in the market, the
adverse selection concern is weak, and thus institutionalization monotonically improves lig-
uidity. By contrast, when the level of noise trading is low, both channels are strong, and
institutionalization can non-monotonically affect market liquidity.

By improving price informativeness, institutionalization also affects price volatility through
two channels: the noise reduction channel and the equilibrium learning channel (see Dévila
and Parlatore, 2018). The former tends to reduce price volatility, because an increase in
price informativeness is directly associated with reduced noise in the price. The latter can
increase price volatility by varying investors’ equilibrium signal-to-price sensitivities. Again,
when the level of noise trading is high, only the former effect is strong, meaning that insti-

tutionalization monotonically reduces price volatility.

Proposition 1. (Institutionalization without Agency Problems) In the benchmark economy,

the following hold:

1. Institutionalization improves price informativeness and reduces return volatility and

the cost of capital. That is, % > 0, W <0, and dcde < 0.

2. (a) If TyTe < (v +72)(y + Ty +yZ2), then Liasdits” ~ o

() If roTe > (V7 22) (v +T 70 +772), then W > 0 when the market is primarily
d dLiquidity®

dominated by institutional tnvestors, an )

< 0 when the market is primarily

dominated by retail investors.

dPriceVolB

ceVol? ),

3. (a) When the market is primarily dominated by institutional investors,
(b) When the market is primarily dominated by retail investors, w < 0 if and

only if 7,7 < (v +3) (v + T7p +722).
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Figure 2: Implications of Institutionalization in the Benchmark Economy
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This figure plots the implications of institutionalization in the benchmark economy without agency problems.
The parameter values are 7, =5, 7. =1,¢=0.02,7T =02,y =2, and Q = 1.

Figure 2 graphically illustrates Proposition 1 under the parameter configuration 7, =
5 7. = 1,¢ = 0.02,7 = 0.2,y = 2, and () = 1. In Panel A, the level of noise trading
is relatively low (7'5_1 = 0.02), while in Panel B, the level of noise trading is relatively
high (Tgl = 1). Consistent with Proposition 1, in both panels, price informativeness PI?
monotonically increases with A\, and return volatility RetVol® and the cost of capital CC?
monotonically decrease with A. In Panel A where 7, is relatively high (and the level of
noise trading is low), price volatility PriceV ol? and market liquidity Liquidity” can exhibit
non-monotone patterns with respect to A. In contrast, in Panel B where 7 is relatively low,
PriceVolP decreases with A\ and market liquidity Liquidity® increases with \.

Note that in both panels, when \ is close to 1, PriceV ol” monotonically decreases with
A and Liquidity® monotonically increases with \. This case may be empirically relevant, as

the modern market is primarily dominated by institutional investors.
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4.2. Implications of Institutionalization with Agency Problems

We now turn to examine our baseline model with moral hazard problems. We use the
superscript “x” to denote the equilibrium variables in this economy. The key observation
is that institutionalization \ affects the incentive component b* of the equilibrium contract,
which in turn changes the effective risk aversion vb* of financial institutions. This gives rise
to an additional effect on market outcomes, which can dramatically change many results in

the benchmark economy described above.

4.2.1. Implications for Contracting Incentives

In the presence of moral hazard, institutionalization increases the incentive component b*
of the equilibrium contract. To illustrate the intuition, we consider fund i’s optimal choice
regarding its contract b; given other institutions’ choices b and the mass of institutional
investors A. As discussed in Section 3.2, the best response b is established by the IC
condition (23) holding with equality. That is,

I Gl bt A (7 - DT [T” + Ter 2:;4 36

(s e fes)]
where the second equality follows from the expression for 7,,.

Note that in equation (36), b and X affect b only through 7, a variable that is positively
related to price informativeness (see equation (29)). Intuitively, the contract is designed to
motivate fund 7’s manager to acquire information, and the incentive component b} is set at a
value such that the manager just has no incentive to deviate. The payoff for the manager to
deviate from acquiring information is to remain uninformed and save effort. An uninformed
manager still actively makes inference from the asset price; formally, she extracts signal 3,
with precision 7, from the price. In this sense, 7, serves as an endogenous outside option for
fund ¢’s manager, and hence if 7, increases, fund ¢ has to raise the profit share b; to restore
its manager’s information-acquisition incentive.

Figure 3 plots the best response functions for two different values of A\: 0.2 and 0.4. The
other parameter values are the same as in Figure 2, i.e., 7, = 5,7. = 7¢ = 1,¢ = 0.02,T =
0.2,y = 2, and = 1. In a symmetric equilibrium, the incentive component b* of the

contract is determined by the intersections of the best response functions with the 45° line.
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Figure 3: Best Response Functions
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The x-axis denotes the incentive component b chosen by other institutions. The y-axis denotes the optimal
response of fund ¢’s choice b} for the incentive component given b and the mass A of institutional investors.
The intersection of the best response function with the 45° line yields the equilibrium value b*. The parameter
values are 7, = 5,7. =T7¢ = 1,¢ =0.02,7 = 0.2,y =2, and ) = 1.

The best response functions are decreasing in b. This is because an increase in b increases
institutional investors’ effective risk aversion b, which reduces price informativeness and the
manager’s outside option. In contrast, an increase in the mass A of institutions increases the
amount of informed capital and thereby price informativeness. This increased outside option
value motivates fund 7 to increase b, shifting upward the entire best response function. This
result is reflected in Figure 3: the best response function for A = 0.4 lies above the best
response function for A = 0.2, and as a result, the equilibrium value of b* increases from 0.08
to 0.10.

The left two panels of Figure 4 graphically demonstrate that as A continuously rises from
0 toward 1, the incentive component b* of the equilibrium contract increases. The other

parameter values are: 7, =5,7. = 1,¢=0.02,7=0.2,7=2,Q =1, and 7¢ € {1,15}.
Proposition 2. (Incentives) In the economy with an agency problem, institutionalization
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Figure 4: Implications of Institutionalization in the Agency Economy
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This figure plots the implications of institutionalization in the economy with agency problems. The parameter
values are 7, = 5,7. = 1,¢=0.02, 7T =0.2,y =2, and Q = 1.

b*

> 0.

increases the incentive component b* of the equilibrium contract. That is,

4.2.2. Implications for Asset Prices

Institutionalization affects asset prices through two effects, one direct and one indirect. The
direct effect is also present in the benchmark economy: institutions are informed investors,
and thus, institutionalization directly increases the amount of informed capital. We label this
direct effect the “informed capital effect.” The indirect effect of institutionalization operates
by increasing the incentive component b* of the equilibrium contract and hence the effective
risk aversion of institutions.

We refer to this indirect effect as the “contracting effect.”

Formally, for any market variable M* € {PI* RetVol*, CC*, PriceVol*, Liquidity*}, the
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total effect of institutionalization can be decomposed as follows:

dM* oM™ oM™ Ob*

= + ) 37
d\ O\ ob* O\ (37)
S~~~ N~~~ S——
total effect informed capital effect contracting effect

The informed capital effect ‘98% is a partial derivative that requires that b* remains constant,

and hence this effect captures only the direct effect of an increase in A\. The contracting effect

oM* ob*

reflects itself as the chain rule S B

and it captures how an increase in \ affects M* by

increasing the equilibrium value b*.

Price Informativeness The informed capital effect improves price informativeness by di-
rectly injecting more information into the price through the trading of institutional investors.
In contrast, the contracting effect reduces price informativeness, because the increased ef-
fective risk aversion vb* of institutional investors causes them to trade less aggressively on
their information. Nonetheless, we can show that overall, the positive informed capital ef-
fect dominates, such that institutionalization generally improves price informativeness. This
result is consistent with the recent empirical evidence that price informativeness for firms
in S&P500 has increased since 1960, which overlaps with the trend of institutionalization
(e.g., Bai, Philippon, and Savov, 2016; Farboodi, Matray, and Veldkamp, 2018) and that
price informativeness and institutional ownership are positively correlated in the cross sec-
tion (e.g., Boehmer and Kelley, 2009; KNS, 2018). Figure 4 graphically illustrates this price

informativeness result.

Proposition 3. (Price Informativeness) In the economy with agency problems, the informed
capital effect increases price informativeness, the contracting effect decreases price infor-

mativeness, and overall, institutionalization improves price informativeness PI*. That is,

oPI*
oA

OPI*

>0, e

ob* dpPr*
< 0, and o 0.

Return Volatility As in the benchmark economy, the informed capital effect reduces
return volatility. The contracting effect tends to increase return volatility by making insti-
tutional investors trade less aggressively on their information. Unlike price informativeness,
we show that the contracting effect can dominate the informed capital effect, meaning that,

overall, institutionalization can increase return volatility. This result arises when the market
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is primarily dominated by institutional investors (A is close to 1) and the precision 7¢ of noise
trading is high. The intuition is as follows. First, since the contracting effect operates by
changing the effective risk aversion of each institution, it is particularly strong when there
are many institutions in the market () is close to 1). By contrast, when X is close to 0, the
contracting effect almost vanishes. Second, when there is little noise trading (7¢ is high), the
market effectively aggregates information. This immediately leads to a strong informed cap-
ital effect (the market effectively aggregates information from informed capital and reduces
return volatility). More important, the contracting effect is also strong, because the efficient
market implies a precise price signal s,, which improves managers’ outside option value and
hence worsens the agency problem faced by institutions. Ultimately, the contracting effect

is stronger than the informed capital effect in this case.

Proposition 4. (Return Volatility) In the economy with agency problems, the following
hold:

1. When the market is primarily dominated by retail investors, the informed capital ef-
fect decreases return volatility, and it dominates the contracting effect, meaning that,

overall, institutionalization decreases return volatility. That is, when X\ s close to 0,

dRetVol* ~, ORetVol*
d\ ~ O\ <0.

2. When the market is primarily dominated by institutional investors, the informed capital
effect decreases return volatility and the contracting effect increases return volatility.
The informed capital effect dominates if there is substantial noise trading, and the
contracting effect dominates if there is little noise trading. That is, when X is close to

1, we have the following: (a % < 0; (b Mgt%% > 0; and (c % <0 if

d dRecg\/ol >0

Te 18 small, an if T¢ 1s large.

In Figure 4, we plot RetVol* for two values of 7¢ : 1 and 15. The high value of 7¢ is
smaller than its high value 50 in Figure 2, because setting 7¢ at 50 violates condition (26)
in Proposition 2, leading to equilibrium values of b* higher than 1. We observe that in
Figure 4, independent of the value of 7¢, RetVol* always decreases with A when A is small,

which exhibits the same patterns as the benchmark economy as depicted by Figure 2. When
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A is close to 1, the patterns change depending on the value of 7¢: when 7, is high, the
contracting effect dominates, meaning that RetV ol* increases with A\, which is the opposite
of the results in Figure 2; by contrast, when 7¢ is low, the informed capital effect dominates
and RetVol* still decreases with A, which is the same as the findings in Figure 2. As a result,
in the economy with agency problems, the global pattern of RetVol* is either decreasing in
A (when 7¢ is low) or U-shaped in A (when 7 is high).

The U-shaped relation between RetVol* and )\ suggests an explanation for the existing
findings on return volatility and institutional ownership. For instance, Brandt, Brav, Gra-
ham, and Kumar (2007) find that among low-priced stocks, a higher level of institutional
ownership predicts lower idiosyncratic volatility and that among high-priced stocks, the op-
posite is true. Since low-priced stocks are dominated by retail traders and high-priced stocks
are dominated by institutional investors, the finding of Brandt, Brav, Graham, and Kumar
(2007) suggests a U-shaped relation between return volatility and institutional ownership.
In addition, Lee and Liu (2011) document a U-shaped relation between price informativeness
and return volatility. This is consistent with Panel A of Figure 4, where price informativeness

increases with A and return volatility is U-shaped in A.

The Cost of Capital For the cost of capital, the informed capital effect and the con-
tracting effect still work in opposite directions: the informed capital effect reduces the cost
of capital, but the contracting effect raises the cost of capital. The result and intuition are
also very similar to those in the case of return volatility. When the market is primarily
dominated by institutional investors (A is close to 1) and the market aggregates information
effectively (7¢ is high), the contracting effect dominates the informed capital effect, and the
total effect of institutionalization is to increase the cost of capital. Otherwise, the informed
capital effect dominates, meaning that institutionalization decreases the cost of capital. As
a result, in Panel A of Figure 4 where 7¢ is high, the cost of capital CC* is U-shaped in A,
which differs from the benchmark economy as depicted by Figure 2. In Panel B of Figure 4

where 7¢ is low, CC* decreases with A\, which exhibits the same pattern as Figure 2.

Proposition 5. (Cost of Capital) In the economy with agency problems, the following hold:
1. When the market is primarily dominated by retail investors, the informed capital effect
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decreases the cost of capital, and it dominates the contracting effect, such that, overall,

institutionalization decreases the cost of capital. That is, when X is close to 0, d%f* R

BCC* < 0.

2. When the market is primarily dominated by institutional investors, the informed capital
effect decreases the cost of capital and the contracting effect increases the cost of capital.
The informed capital effect dominates if there is substantial noise trading, and the
contracting effect dominates if there is little noise trading. That is, when X is close to

1, we have the following: (a) %<& < 0; (b) %5C-9 > 0; and (c) €& < 0 if 7¢ is

small, and dCC > 0 if T¢ is large.

Price Volatility When the market is primarily dominated by retail investors (\ is close to
0), the contracting effect is minimal and only the informed capital effect is operative. Thus,
the patterns are the same as those in the benchmark economy as depicted by Figure 2.

Suppose that the market is primarily dominated by institutions (\ is close to 1). Now both
the informed capital effect and the contracting effect are pronounced. From the analysis in
the benchmark economy, we know that the informed capital effect reduces price volatility. In
contrast, the contracting effect tends to increase price volatility by making institutions trade
less aggressively on information and incorporating less information into the price. Again,
when there is little noise trading in the market (7¢ is high), the market effectively aggregates
information. Both the informed capital effect and the contracting effect are strong, but the
latter is stronger, meaning that the overall effect of institutionalization is to increase price
volatility.

Due to the interactions between the informed capital effect and the contracting effect,
price volatility PriceVol* can exhibit various patterns that are different from those in the
benchmark economy. For example, in Panel A of Figure 4 where 7 is high, PriceVol* is
U-shaped in A\, which differs from the benchmark economy as depicted in Figure 2. In Panel

B of Figure 4 where 7¢ is low, PriceVol* decreases with A, which is the same as Figure 2.

Proposition 6. (Price Volatility) In the economy with agency problems, the following hold:

1. When the market is primarily dominated by retail investors, the informed capital effect
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dominates, and it decreases price volatility if and only if there is substantial noise
trading in the market. That is, when X\ is close to 0, we have the following: (a)

dPriceVol* ~, 9PriceVol* . To )\ . dPriceVol* ~, OPriceVol* .
B R T <0 ery < (v + Ty +y7); (b) T R T > 0

TeTo > (V) + T7o + 7).

2. When the market is primarily dominated by institutional investors, the informed cap-
ital effect decreases price volatility and the contracting effect increases price volatility.
The informed capital effect dominates if there is substantial noise trading, and the con-

tracting effect dominates if there is little noise trading. That is, when A is close to 1,

OPriceVol < 0’ (b OPriceVol* 9b > O, and (C dPriceVol <0

we have the following: (a o FrCam o)

if T¢ s small, and W > 0 if ¢ is large.

Market Liquidity The result and intuition for market liquidity parallel those for price
volatility. When there are a few institutions in the market (X is close to 0), the contracting
effect is weak, meaning that the overall liquidity effect of institutionalization is similar to
that in the benchmark economy.

When there is a large mass of institutional investors () is close to 1), the informed capital
effect tends to improve market liquidity, but the contracting effect harms market liquidity. If
the level Tgl of noise trading is low (7¢ is high), the market effectively aggregates information,
meaning that the contracting effect becomes stronger than the informed capital effect. As a
result, Liquidity” decreases with A when A is close to 1 and 7¢ is high.

In Panel A of Figure 4 where 7¢ is high, Liquidity* is hump-shaped in A. This pattern
differs from that in the benchmark economy in Figure 2. In Panel B of Figure 4 where 7¢ is
low, Liquidity* is increasing in A. This pattern is similar to that in the benchmark economy

in Figure 2.

Proposition 7. (Market Liquidity) In the economy with agency problems, the following
hold:

1. When the market is primarily dominated by retail investors, the informed capital effect
dominates, and it improves market liquidity if and only if there is substantial noise

trading in the market. That is, when X\ is close to 0, we have the following: (a)
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dLiquidity™ ~ OLiquidity™ T szquzdzty ~ OLiquidity*
= o >0 ZngTU<’)/<’)/—|—TTU+’}/T“) (b) ~ a5 <0

if ety > (v ) (v + T7o +922).

2. When the market is primarily dominated by institutional investors, the informed capital
effect increases market liquidity and the contracting effect decreases market liquidity.
The informed capital effect dominates if there is substantial noise trading, and the

contracting effect dominates if there s little noise trading. That is, when X\ is close to

1, we have the following: (a) M > 0; (b)‘%l%%‘%* < 0; and (c) M >0

if T¢ is small, and % < 0 of 7¢ is large.

5. Large Institutions

In this section, we consider a variant of the model in which institutions (funds) are “large”
and thus have price impacts. This variant allows us to explore the two dimensions of insti-
tutionalization mentioned in Section 2: the institutional sector can grow either due to an
increase in the number of institutions or due to an increase in the size of each institution.
We show that our results are robust under both interpretations of institutionalization. In
addition, since this setting with large institutions is more realistic, analyzing such a setting
sharpens the interpretation of the incentive component b of the contract, and suggests an

explanation for the empirically observed pattern of management fee and fund size.

5.1. Setup and Analysis

Our variant closely follows the setup proposed by KNS (2018) but extends it to incorporate
the contracting problems of fund managers. The basic environment regarding assets and
preferences is the same as in our baseline model in Section 2, but now we consider a finite
number of players. There are N funds, and each fund has K clients, where both N and K
are positive integers. The parameter K captures the size of each fund, and thus the size
of the entire institutional sector is captured by NK. There is a finite number M of retail

investors. Similar to Section 2, we define the institutionalization parameter A as the fraction
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of players in the institutional sector:

NK
NK+ M’
We follow KNS (2018) and assume that funds behave strategically but that retail investors

A= (38)
behave competitively. The baseline model in Section 2 corresponds to the limiting economy
in which K is set to 1 and M and N approach co at the same rate.

The overall equilibrium is composed of the date-0 incentive equilibrium and the date-1
financial market equilibrium. Both subequilibria have to be modified to capture the strategic
interactions among the N funds. In computing the date-1 financial market equilibrium, we
need to factor in institutional investors’ price impacts. In computing the date-0 incentive
equilibrium, we need to accommodate the consequences of one fund’s possible deviations in its
contract offers (and the resulting information-acquisition behavior of its manager) for other
investors’ date-1 trading behaviors. In doing so, we will assume that these deviations are
not observable so that other investors’ trading strategies remain unchanged, which appears
realistic. On both dates, we consider symmetric equilibria in which all funds choose the same
contract on date 0 and the same trading strategy on date 1.

We first compute the date-1 financial market equilibrium given the funds’ symmetric
contract choice. In the date-1 financial market, the asset price p depends on information v
and noise trading £€. We still consider a linear price function as given by equation (14). We
conjecture that institutional investor ¢ specifies the following demand schedule for each of
its K clients:®

D; (0,p) = Dy (0,p) = ¢(0 — p), forie{1,..,N}, (39)
where ¢ > 0 is an endogenous coefficient. Computing the financial market equilibrium
reduces to finding the price coefficients (a’s) in (14) and the coefficient ¢ in (39).

Retail investors are competitive and maximize their conditional expected utility given

price p. Their demand function Dy (p) is still given by equation (18). That is,

E Flp —p T TpT I? - ﬁ
Dg (]5) _ (f|13)~ p _ viTp G ’ (40)
WarlfIP)+T (i + L) +T

where the second equality follows from the expressions for E(f|p) and Var(f|p).

8In principal, we can specify a more general trading strategy, such as Dj (9,D) = ¢+ ¢10+ ¢pop. Nonethe-
less, the derived demand function in (42) implies that ¢, = 0 and ¢, = —¢s.
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Institutional investors behave strategically and account for their price impacts. Let us
consider fund 7. Its portfolio manager takes as given other institutions’ demand function
(39) and the retail demand function (40), and she chooses a demand schedule D;(?,p) to
maximize her conditional expected utility,

E [_eﬂ[smv”vi)fc}w ,
where W; is fund i’s trading profit per client, given by equation (4), and S(KW;) is its
manager’s compensation, given by

S(KW;) = a; + b KW, (41)
where @, and b; are endogenous constants. Similar to the fee structure (5) in the baseline
model, the manager’s compensation in (41) still linearly depends on the fund’s total trading
profits. The slope b; still captures the incentive component, which can be interpreted as
management fees such as expense ratios. The first-order condition delivers the manager’s
optimal demand as follows:

Df = — E(ﬂﬁ)_ﬁ = — i (42)
Yo KVar(f|0) +T + g5 M+T+aa_[1;i

As in Kyle (1989), we compute the price impact 3 ﬂ using the residual supply function

faced by fund i. Specifically, inserting the demand function of other institutional investors’
demand function (39) and the demand function (40) of retail investors into the market-

clearing condition,’

KDi+ K3, D; (8.5) + MDg (p) = (Q — &) (NK + M), (43)
we can compute the residual supply curve faced by fund i as follows:
K (N-1)K 1-N7p 2
- NK+MD + NK+M¢ v 5] B |: (1+TU+TP)+T(TU+7';7) +e
p= (44)

(N—l)K¢ + (1_A)(Tv+7p_%)
NK+M 7(1+T”7:Tp)+T(TU+Tp)

From (44), we have

5 K
b _ NEK+M )
0D; (N—l)K¢ (1-2) (ro+7p—22)
NE+M (1+ TU+Tp )+T(7’v+’7'p)
We plug the above expression for -2 aT into (42) to compute the optimal demand of fund i,

which is in turn compared with the conjectured trading strategy (39), yielding the following

9Note that in this finite economy, the noisy supply Q fé is defined in a per capita sense. Thus, the RHS
of equation (43) is the aggregate supply.
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fixed-point equation that determines coefficient ¢:

1
= vbK NELH ’ (46)
FbK T
—+ T+ vk, -0 (rotmp—22)
NK+M

(1+132531)+7(ru+7p)

where in the RHS, we have replaced b; with b given that in a symmetric equilibrium, b =b
forie {1,...,N}.

Inserting the expressions for D; (0, p) and Dg (p) into the market-clearing condition, we
can find the implied price function. We then compare the implied price function with the

conjectured price function (14) to obtain the system for characterizing the price coefficients:

Q

0T TN G (47)
VAT (rotrp)+7 5L
)\¢ + (1 )\)Tp 7'1)+7'p
a, = AT e ; (48)

= A)(TquTp)

AP+ 7+T(Tv+Tp)+7T”+T”
A=M7p
’Y+T(7'1J+Tp)+
(1- >\)(7'v+7'p)

A9+ VAT (ro+7p)+y P

Te

The date-1 financial market equilibrium is characterized by equations (46)—(49) in four un-

‘WJFTP Aqb +1

(49)

a§:

knowns (¢, ag, @y, ag).
On date 0, each fund designs a contract (a,, 5,) to maximize the expected utility of its
clients by motivating its portfolio manager to acquire and trade on information. Formally,

fund i’s problem is:

max E [KVVi - S(Kﬁfi)] (50)

subject to o
=g B ) > el o), e
E {ﬁ%?;)E(—eV[S(KWi)C]]@)} = E(—eﬂw), (52)

where (51) and (52) are the IC constraint and the PC, respectively. When making the choice
of (@, b;), fund 7 takes as given the other funds’ date-0 contract choices (é, b) and their date-1
trading strategies (39) as well as the retail investors’ date-1 demand schedule (40), since fund
1’s contract choice is not observable to other investors.

The “large” feature of institutions differentiates the current setup from the baseline model
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in Section 2 in two ways. First, in the IC condition (51), the uninformed manager reads

information from her residual supply curve (44). This information is equivalent to a signal of

the form ¢ + LM é , which is less informative than retail investors’ perceived price signal

(N-1)K¢
5 = 75;“0 =0+ N]\[,(; M é . In contrast, in the baseline model with a continuum of funds, both
€ ]

an uninformed manager and a retail investor perceive that the price has the same amount
of information. Second, in the objective function (50), the principal also takes into account
the effect of changing (a;, ZA)Z) on the price function, while in the baseline model in Section 2,
the price function is not affected by the behavior of a single fund.

The idea of computing the incentive equilibrium is similar to the baseline model. That
is, given symmetry, we have by = b for i € {1,..., N}, and thus we use the IC constraint
(51) to compute the equilibrium value of b*. We then use the PC (52) to determine the
value of a*. To ensure that the IC constraint is binding in equilibrium, we finally verify that

the expected utility (50) of fund i is decreasing in b; when other funds and retail investors

maintain their equilibrium behavior.

5.2. Results

We now examine the implications of institutionalization in this finite economy with price
impacts. By equation (38), an increase in the institutionalization parameter A can be due
to an increase in either the number N of funds or the fund size K. We therefore conduct
comparative statics with respect to both parameters. In this exercise, we fix the total size
NK + M of the economy. That is, in the definition of A given by equation (38), we increase
the numerator and fix the denominator. The complexity of the setting precludes analytical
results, and we thus rely on numerical analysis.

We report the results in Figures 5 and 6. In both figures, we fix NK + M = 10%, which is
of a reasonable order for the number of individuals participating in the US market. The other
parameter values are the same as those in Figure 4: 7, = 5,7. = 1,7¢ = 5,¢ = 0.02,T =
0.2,y =2, and @ = 1. In Figure 5, we fix the fund size K at 10,000 and vary the value of
N from 100 to 10,000 (which is equivalent to varying the value of A from a value close 0 to
1). In Figure 6, we fix the number N of funds at 500 and vary the value of K from 2000 to

200,000 (which is again equivalent to varying the value of A from a value close 0 to 1). In
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Figure 5: Effects of NV in Economies with Large Institutions
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This figure plots the effects of the number N of institutions in economies with large institutions. The
parameter values are 7, = 5,7. = 1,¢=0.02,7 = 0.2,y = 2, K = 10000, and Q = 1.

each figure, we report the following seven variables: l;*, K l;*, PI*, RetVol*, CC*, PriceV ol*,
and Liquidity*. We report the value of K ZA)*, because a comparison between a large insti-
tution’s demand (42) with an atomistic institution’s demand (15) reveals that the effective
risk aversion of a large institution is vK b and thus, Kb in this variation setting plays the
same role as b in the baseline setting.

We find that in terms of {Kl;*, PI*, RetVol*, CC*, PriceVol*, Liquidity*}, the two figures
exhibit identical patterns as in Figure 4 in our baseline model. For instance, in Figures 5 and
6, price informativeness increases in N and K independent of the values of 7¢, but return
volatility is U-shaped in N and K for high 7, and downward-sloping in N and K for low
T¢. The intuitions are the same as before. These observations suggest that our results are
robust to both interpretations of institutionalization and to price impact considerations.

A new result emerges in Figure 6: the incentive component b* of the equilibrium contract

decreases with the fund size K. The intuition is as follows. When each fund becomes larger, a

35



Figure 6: Effects of K in Economies with Large Institutions
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This figure plots the effects of the institution size K in economies with large institutions. The parameter
values are 7, =5,7. = 1,¢=0.02,7 = 0.2,y =2, N = 500, and @ = 1.

fund needs to transfer a higher fraction of its total trading profits to the manager. Now since
there are more clients in each fund, each client can give up a smaller fraction of her individual
profits, but in aggregate, the manager can still collect a larger fraction of the total profits.
This result helps to explain real-world observations that the institutional sector grows due
to the size of each institution on the one hand, and on the other, fees for active management

have recently trended down since 2000 (see the 2019 Investment Company Fact Book).

6. Conclusion

We develop a model of delegated portfolio management to analyze the effects of institutional-
ization on the asset management industry and asset prices. We find that institutionalization
raises the incentive component of the equilibrium contract, which increases the effective
risk aversion of institutional investors. Thus, institutionalization has two opposing effects

on market outcomes. First, institutionalization directly brings more informed traders (and
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information) into the market, because in equilibrium portfolio managers are motivated to
acquire and trade on private information. Second, by raising the incentive component of the
contract, institutionalization makes each institutional investor more risk averse and trade
less aggressively on information. When a market is highly institutionalized and very effec-
tive at aggregating information, the contracting effect dominates the informed capital effect
in determining the behavior of market variables such as the cost of capital, return volatility,
price volatility, and market liquidity. Otherwise, the informed capital effect is dominant in
determining market behavior. Although we generate the contrasting effects based on dele-
gation and informed trading, similar competing forces might arise under alternative defining
features of institutions, and so the tension highlighted by our analysis may be general. For
instance, if we define institutions as large traders and allow them to acquire information
and trade on their own (as in KNS, 2018), then an increase in fund size may be associated
with an increase in capital allocated to information acquisition (which brings more informed
trading) on the one hand, and on the other, each fund becomes more concerned about its

price impact and so trades more cautiously (a risk aversion effect).
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Appendix: Proofs

Proof of Lemma 1

The CARA-normal setup implies that the demand functions of institutions and of retail

investors are, respectively,

. E(fl)-p
br@.p) = vam:(th)) + T
DR (ﬁ) — E(.ﬂﬁ) - ﬁ

YWar(f|p)+T
We can directly compute the conditional moments of institutional investors as follows:

- ~ . - - 1
B(fl5,7) = B(fl7) = © and Var(fl5, ) = Var(fl) = —
For retail investors, note that their information p is equivalent to signal 5,, which is defined

by (19). Applying Bayes’ rule, we can compute
T ~
E@®|p) = —2—5,and V p) =
(01p) = 25y and Var(flp) = ——+
Inserting these moment expressions into the respective demand functions and then plugging

1 1

the demand expressions into the market-clearing condition, we obtain
A~ (A=N)1p ~ ag ¢ P
- %JFTU + VAT (7o+7p)+7 L <U ta f) t-@
P= X (=N (ror7p) '
Yir T g4 T(rtry)+y TR
By comparing (A1) with the conjectured price function (14), we have the expressions for

(A1)

the a’s in Lemma 1.
Note that in (21), 7, and == remain unknown. To identify these variables, we divide the

expression of a¢ by the expression of a, to yield

1-A a

( )Tp 7'1)+7'pa_§+1
g AFT(TotTp)ty— 1 W
@ 4G

Tv+Tp
Te

b
AT AT (rotTp)+y

a 1 [by
—=——4T).
ay A (7’5 * )

Inserting the above expression into (20), we have the expression of 7, in (22).

which implies

Proof of Lemma 2

In the contract determination stage, we seek a symmetric equilibrium with the following two
features: (1) all institutions design contracts to motivate their managers to acquire and trade
on information; (2) the incentive component b* of the equilibrium is empirically relevant, i.e.,
b* € (0,1).
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Consider fund i € [0, A]. The fund chooses (a;, b;) to maximize its expected payoff (12)
subject to the optimal portfolio investment rule, the IC constraint, and the PC. We can

compute the PC as follows:

1 1 bﬂ o’ —ye—yW
——————cxp | —a7 — 555 o | = e Y,
by 280 + T1 4 2
I+ w7 T FAT

a=E((®—p)and g = Var(o —p).

Fund 7 always sets the fixed component a; of compensation at a value such that the PC is

where

binding. Hence, we have

CLZ':C—FW—AZ', (A?)

where
2

1 biy biy o
Ai=— |In[1+ + . A3
2 ( b1 4 T6> AT+ g f (A%

Inserting (A2) and (A3) into fund i’s objective function, we can express fund i’s payoff

Te

as a function of b; and show that fund ¢’s payoff is decreasing in b,. Specifically, fund ’s

expected payoff (12) is
E [W - S(Wi)} 5 {(1 ~by) [Dz-(f 5 - %TD?} } _a,

6D o 1[E-D
— (1-b)E ) - =T Y
( z) %+T(f p) 9 Iﬁ—:—I—T i
(6 - p) L [e-p]
0—p) ~ U—p .
— (1-b)ELE P - =T —a
( ) 1,Ti_Z+T(f D) 9 b;—:—i—T .
2% 4T o
= (1-b) < E[(v—p)]—ai

, 2
2 <T—7 + T)
2% 4 T
, 2
2 (T—V + T)
With (A2) and (A3), we can express a; in terms of b;, which is then inserted into the

above expression, implying that fund i’s problem becomes:
max h(b;),
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subject to the IC constraint (9), and where the objective function h (b;) is defined as follows:

biy
)= (1 =b) | () e g |,
2 (71/ +T) LIRS 1+b£1T,6
Taking the derivative, we can compute
e 2y (a®+ B) (BT +1)2 N
“\ 4T7 (BT [38 (a4 B) T 4+ 602 + 58] + 2 (a? + B))

AbiT. 4y (a® + B) (Bre + 1) + ) .

bt ( Tr. (B7. (B (a® + B) 7. + 802 + 68) + 4 (a2 + 3))
T2 (2v(a®+ 8) + T7- (B (202 + ) 7. + 2 (a? + 3)))

h/(bz) - — 3 ) < 0
2(yb; +T7.)” [vbi (Bre+ 1) + T7.]

Note that the IC constraint imposes a lower bound on the choice of b;. Specifically, we

can follow Grossman and Stiglitz (1980) and compute the IC constraint as expression (23).
The LHS of (23) is increasing in b;, and thus, fund ¢ will choose an equilibrium value of
by such that the IC constraint holds with equality. We consider a symmetric equilibrium
with b} = b* for ¢ € [0, A]. Thus, using the expression for 7, in (22) and with expression
(23) holding with equality, we know that b* is determined by equation (24). We can further

simplify (24) as a quadratic equation

G (b) = B1b® + Beb + B3 = 0, (A4)
where
B = ~? [(627'3 — 1) Ty — 7'5} , (A5)
By = AT7.[2(e¥°=1) 71, —7.], (A6)
By = (¥ =1)72(1,T% + N°1¢). (A7)

If By > 0, then By > 0. Since B3 > 0, we have G (b) > 0 for all b > 0. As we consider an
equilibrium with b* > 0, we require B; < 0, which is equivalent to condition (25).

When B; < 0, the quadratic function G (b) has two roots, one positive and one negative.
The positive root of (A4) delivers the expression for b* in equation (27). Condition (26) in
Lemma 2 is imposed to ensure that b* < 1.

After we determine the value of b*, the value of a* is given by equation (A2) with

b b* o?
A= — ln<1+szﬁ>+T—:1T1+b*TlT . (A8)

Te
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Proof of Lemma 3
Proof of Part 1

At the date-1 trading stage, the demand function for fund i is
Dy (5,5) = argmax B | Wi = S(W) ] = ==

For an uninformed investor, we compute the demand function as
758, — (T +75) P
De(p) = —22 (0T

Ty+15

Yy + T(Te+ 7))
Inserting the above demand functions into the market-clearing condition (13), we compute

the implied price function as follows:

—\)rB
%f}—{— (1 )\)p

~ ags % o
rotrB (v+a_i€>+€_Q
Yy — AT (T +7F)
(17}\)(TU+TE)
"'v+TB
Yy AT (o +7f)

Comparing the above price function with the conjectured price function (14), we have

=
Il

A
24+

the expressions for the a’s in Lemma 3.

Using the expression of a, and the expression of a¢ in (34), we can show

a _ T
ay, A
Thus,
(15 )\2
Tf = <a—v) Te = e (A9)

Proof of Part 2

Managers’ information-acquisition and trading behaviors are observable and contractible,
meaning that there is no moral hazard. Therefore, fund 7’s problem is

max E [Wi - S(Wi)]
subject to

. 1
Wi = Di(f-5) - 5TD?,

D = argma,xE[VVi—S(Wi) G

T Y

(2

0.5| =
E _6—7(ai+biWi—C)] > F (_6*’YW> )
Similar to the setting with moral hazard (see the proof of Lemma 2), each fund will
choose a; such that the PC holds with equality. That is,

a; :C+W—Ai, (AlO)

43



where
2

Ai_zim[lﬂj@(1_;@)5%%@(1_;@) bvoz : |
g Te Te 14_%(1_%_;8)5

where o« = E(0 — p) and § = Var(d — p). Inserting the above two equations into fund
’s objective function F [Wl — S(Wi)}, we can express F [Wl — S(Wl)] as a function of b,
only, denoted by H(b;). With some algebra, we can show that H'(b;) < 0. Thus, all funds

optimally set b = 0, which is the empirically relevant lower bound of b.

(Al1)

Proof of Proposition 1
Proof of Part 1

TB . . o,
From the expression for Tf in (35), we have Ty %—27'5 > 0. Since PI? is positively related

X
B dpPIB
to 7, we have “;— > 0.
In equilibrium, we have CC® = |ag|. From the expression for aq in (34), direct compu-

tation shows that dCde < 0.

a2

<

The return variance is Var (0 — p) = (zan)® |

- b Using the expressions for a, and Tf,

we can compute
3 [/\27'5 +T? (1, + 7‘5)}3 + ANT37¢73 (16 + T%7,) (/\27'5 + T°7,)
3)\372 + 2T, (1o + 72) )

+T~?r. Are 4+ T2 Ty + Te
K [ ¢ ( )] +)\T27'§ (4N + 1)7, + 37]

272
3)\47'2' +T572 (1, +72) +
+T%y7? NT47emy (BN + 2)7, + 47 ] +
dVar (o —p) NT2rE{[2MA + 1) + 3] 7 + 37} 0
dA e {T2 [Ny (1 + 72) + Trore] + A27e Ay + T7.) Y '
Proof of Part 2
Market liquidity is Liquidity® = agl. Using the expression for a¢ in (34), we can compute
. . . B o
szqz;z)\dzty _ DD, - 52 — (A12)
{y+T(ro +70) + =2+ =T
where
To+75) A1 — A
D, = 7+T7’f+7( p)-l- ( )Tf, (A13)
Te T
To+7)) A=A
D, = 7+T(rv+rf)+7( - p)+ ( Tm, (A14)
0 21—\
Dy = (1—Nrore + 102N - )7 (A15)
TE

Proof of Part (2a):
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Given 7, > 0, we have
v v v )\ 1 - )\
D1D2> (74—’}:— ) (f}/‘i‘jTU‘i"}:— ) "’ZVT ( T >T€,

3 3 TE

and hence
DDy — D3 > (7 + W”) (7 +T7, + W”) — (1= N)7,7e. (A16)
T T

g &€

To To
(7+7 )(’7+T7’v+7 )>7'U7'§,

Te Te
then the RHS of (A16) is positive, and hence Dy Dy — D3 > 0, which implies that % >
0.

Thus, if

Proof of Part (2b):
Now suppose that (7 + %) (7 +T7, + %) < TyTe.

At A =1, we have DD, — Ds|,_; > 0, and thus W > 0.
A=1

At X = 0, we have DDy — Ds|,_, = (7—1— %) <7+TTU+ 7:5”) — 7,T¢ < 0. Thus,

dLiquidity®
dX

< 0.
A=0

Proof of Part 3

The price variance is Var (p) = % + % Hence,
dVar (p) da, 1 1 da, , 1 OrF
Grarib) _ 94, % 2 4 oq,— L _ 2 TTp Al7
dx “oxT, T TTBon T T on (A17)

Proof of Part (3a):
When A = 1, we have a,|,_, = 1,75‘/\:1 = 75 and %

expressions into (A17) yields:

,_; is finite. Inserting these

dVar (p) 5 T
To+ 711)3 |

d)\ =1 7_{_7 A=1 + <7—v + 7—5‘)\:1> T

o2y he o T
Te P ix=1

T'U+TB
Te ¥4y P|A:1 + (Tv+ 7‘5‘)\:1>T

Te

Proof of Part (3b):
B =0 and a“/\”

_ _ _ 1 To
When A = 0, we can compute a,|,_, =0, T o o =1t =7 <7 + 7T—E>.
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Thus,
dVar (p)

_ 5 1 Oa, 1 1 dLiquidity
d\ B

o “WrUON T TLiquiditPte  dA

i 1 1 dLiquidity
Liquidity® ¢ d\ o

quidity

. . . dLi
. is the opposite of the sign of =L+ Ny

A=0

. dVar(p)
Thus, the sign of =52

Proof of Proposition 2

The equilibrium value b* is determined by the IC constraint, which is given by equation (24).
Let us define

TT,
g(b,7p) = (fy +— > (To+7p) (A18)
and equation (24) becomes
1Te o201 = g(b,r,) = —L° Al
g(b, Tp) € = g( 77—17) 6270 _ 17 ( 9)

which implies that ¢(b, 7,,) is a constant. Applying the implicit function theorem to g(b, 7,),
we can show that ‘fl—lf > 0.

Proof of Proposition 3

Note that by equation (29), price informativeness PI* is positively related to 7,. From the

expression for 7, in (22), we have

oy, _ 2AT2Te >0,

OA (Yo +Tr.)
Orydbr C2(A7)’ Ty db? —0
o0b d\ (/yb + TTe)g d\ ’

because % > 0.

We prove the dominance of the contracting effect by contradiction. In equilibrium,

g(b*,7;) is maintained at a constant. Specifically, by equations (A18) and (A19), we have
T, . YT e
(’y -+ = ) (TU + Tp) = e 1 (A20)
Suppose that 7, is non-increasing with A. By Proposition 2, we know that b* increases with
A. Thus, if % < 0, then the LHS of (A20) decreases with A\. A contradiction. Thus, we

dr*
must have - > 0.
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Proof of Proposition 4

The return variance is
- 1 1 1
Vv — ) =(1—-a,)*— 24—
ar(f—p) = ( ay) Tv—i-a£7_§+7_€

Thus, taking derivatives yields:

dVar(f —p) 1 Oa, 1 Oag
SV T o 91— ay)— = 20— =
dx (=) 55 20 55
informed c;rpital effect
1 1
Oa, | Ob 5 _8@5@ (A21)

—2(1 —ay)——2| — :
A @) ax T2 an
corltrac?i;g effect

Proof of Part 1

Suppose that A = 0. We obtain the following expression:

1 Oa, da
—2(1 - av)T—v |, " a—; = 0.
Thus, the contracting effect vanishes, and only the informed capital effect prevails in
(A21). The direct computation of dv%(/\f_ﬁ) o shows that
N 2y (To +7) + T1ur)? < TyatoTe 27, (€274 = 1) = 7] + 7o/ T2 7 )
dVar(f —p) +29% (1o +70) [10 (274 = 1) — 7]
R rerir? (/TP4mE + Ty72)

(A22)

Comparing (A22) and (A33) in the proof the Part 1 of Proposition 5, we find that

dv%(f_ﬁ) o has the same sign as %C | \_o (shown in (A33)). Following Part 1 of Proposition
5, we can conclude that the informed capital effect is negative, as is the total effect.

Proof of Part 2

Suppose that A = 1. We compute that

1 da 1 da
21 —ay)— =21 =0and —2(1 —a,)—="| =0.
(1—a )TU oA |_; a (1-a )TU ob |,_,
As a result,
Informed capital effect
2
2&5 (i—z + T) T 1
E— u -3 <0, (A23)
¢ VAP A T (4 T,) AT
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and

Contracting effect = 2 <;Z_ ! T) ! 5 7 9% > 0. (A24)
Te (3_7 n T) Te 0N\,
Thus, 5
dVar(f —p) B 2a; (3—2 +T>2 Ty o1 - & A=1
dA L T¢ y+ At (e, ) EAT <%+T>2
(A25)

Sufficient Condition for the Contracting Effect to Dominate:

By (A25), a sufficient condition for the contracting effect to dominate is

 0b
Ty Te I Ia=1 1

>

which is equivalent to

+ T+ 22+ 221 =)
o o >(b7+T)7 e -5 (A26)
Te 0Ny Te 7+7” 2+ T (Tp + Ty)
Given the expression for b, we compute
ob B AT Te (€27¢ — 1) (A27)
OA o1 7\/4/\27'57'5 (e2re —1) — 4>\2T§TU (e?re — 1)2 + 1272

which is inserted into condition (A26), yielding
2A7¢ (e - 1) ><b_y+T>v+TTp+1—:+%(1—b)_
VAN T (€96 — 1) — dPrer, (e — 1)2 4 T272 \Te o+ B T (7 + 1)
(A28)
Note that the RHS of (A28) is smaller than - + T, because b < 1 and v + T'7, + 2> +
To(1—0b) <vy+ W(T‘;—_:T“) + T (1, + 7). Thus, a stronger sufficient condition is

) 2\ e
Tele ) >4 (A29)

\/4)\2757'5 (e2¢—1) — 4)\27'§Tv (e2re — 1)2 + 1272 Te

The LHS of (A29) increases with 7, and approaches oo as 7¢ approaches co. Hence, for

sufficiently high values of 7¢, the contracting effect dominates.

Sufficient Condition for the Informed Capital Effect to Dominate:

By (A25), a sufficient condition for the informed capital effect to dominate is

Tv e o la=1 1 <0
v+ W) T (7, 4 7)) (b_v+T>2 O
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which is equivalent to
v Ob
7o OA
Using (A27), condition (A30) becomes
207 (7€ — 1) _ <
\/4)\2757'8 (e2re—1) — 4)\27'571, (e2re — 1)2 + 1272 Te

Because the RHS of the above condition is larger than

(A30)

b +T7,+ 22 + (1 -0
<(_7+T>7 <Tp+T)TE = )'
A=1 v+ TR+ T (1 +70)

Te

51+T> v+ 11, + 22+ (1 - b)
v+ W) 4 77, 47

T
PG S AT,
larger than  pm 7)T (by T, < 7%), a stronger sufficient condition is
A=y ( 5 +7,)
27¢ (e¥° — 1) _ VT
\/4)\27575 (e2re —1) — 4)\QT§TU (e2re — 1)2 +71272  ~+ (52 +7) +T (% + TU)

Te

When 7, = 0, the LHS of the above condition is 0, while the RHS is positive. Thus, for

sufficiently low 7¢, the above condition is satisfied, meaning that the informed capital effect

, which in turn is

dominates.

Proof of Proposition 5

We can compute the cost of capital

Q

cC= F(\7,,0)’

where
A N (1—=X)(1y+7p)

P = AT+ T(ry+7p) + Ut

Taking derivatives, we have

JcC Q [0F 0Fdr, OFdb OF r,0r,
.~ TFE|ox "ar,0n T b ox a7, 9b ab (A31)
aCcC  9CCor, 9CC 9 ACC dr, b
_ % ory b A32
on " or, 9A T b 0N o7, 9b DA (A32)
<0 if)_/ >0 > >0 if)_/ 0>0
N / <

4

vV
informed capital effect<0 oV
contracting effect>0

This proves the signs of the informed capital effect and the contracting effect in both parts.

Next, we prove which effect dominates.

Proof of Part 1

Suppose that A = 0. We find that
oCccC %

or, OA /\:0:
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oC'C' db
)N

9CC dr, Ob

_0 ob N1e v 0CC Ob
=0 or, 0b OX|,_,

(bV_l —|—T)37__5 oy oA A=0
Hence, only the first component of (A32) prevails at A = 0. We can further show
Q 1 (To + 7))

2 | by B (To+7p) <0
F _+T Y+ T(ry +7p) + 7 —

Moreover, we find that dCC| \_o has the same sign as —dva’;gfﬁ)

, where the direct

computation of dCC } \_o Shows that

Ty aToTe 2Ty (€274 — 1) — 7] + Ty /T34 T2
QM(TU+T€)+TTUT€]< AT 27 ( )=+ T/ TP )

dCC +2724 (1o + 7e) [10 (€274 — 1) — 7]

A s w2 (VIPATE + Toar?)

(A33)

Proof of Part 2

Suppose that A = 1. We find
OF 07y _, OF 07, 0m)
Oty OX |, "0, Ob 0b |, _, '

By (A31), we know that only 8F and af gf\ prevail in determining the sign of dgf N

We further compute

1
F‘A:l =

Doy’

51 Ty +Tp

A=1 %‘FT_W—I—T(TU—FTP)%—V(”;—:FT”)’
1 ~v 0b

A=1 _<3_7+T>27_ga

8_F
o\
oF ob
0b O\

A=1

Hence,

vy Ob

LAl To ¥ Ty 7e 1A= ! A34
+ Y(Tp+T7v) + 2 by . ( )

The construction of the conditions under which the contracting effect or the informed capital

effect dominates is very similar to that of Proposition 4. This can be seen from a comparison
of equations (A25) and (A34). Thus, the proof is omitted.

acc
d\

A=1
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Proof of Proposition 6

The price variance is

Taking derivatives, we have

2 2
b b
dVar(p)  2a,0a, 2 (ﬁ * T) day a22 (% T T)
d\ T, OA Y )\27'5 O\ Y )\37'5

TV
informed capital effect

(i—Z+T>23aU 22(2—:+T>l o

% aav + a
Nre  Ob v )\275 Te | ON

Ty, Ob

+ 2a, (A35)

TV
contracting effect

Proof of Part 1

Suppose that A = 0. It is easy to show that the first components of both the informed capital

effect (2%:%) and contracting effect (2:;” 94v 80 vanish because a,|,_, = 0 and 2% N
finite. We can compute
dVar (p) _ 1 1 dLiquidity
d\ |,  Liquidity37te  dN

Hence, the result directly inherits from Part 1 of Proposition 7. As shown in Part 1 of

Proposition 7, the contracting effect vanishes and only the informed capital effect prevails.

Proof of Part 2

Suppose that A = 1. We can compute

7'5 f_—Z—FT
av’)\:l =1, Tp’)\:l = , 29 a§|>\:1 = av|>\:1 N
(7+7)
Oay, B Tv(?s' +T) da, —0
A |\ 7+T(Tv+7p|/\:1)+7(n;—j7p)’ b |\—y
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Inserting these expressions into (A35), we have

Informed capital effect

by 2
) (z + T) da,

b 2
2(§+T)

2a,, Ja, n 2{
= Uy a"u _
To OA 3o N7 OA [x21 N'7e =
2
2(2+7) 2(B4T) 54 Try 40t
Y + T(Tv + Tp) + ’Y(T:_—:_Tp) T¢ v + T(TU + Tp) + FyTU::p
< 0,
Contracting effect
b
2 (1 + T) 5 o
Te Te O\ A=l
2 (? + T) 2 (6270 - 1)
= : (by (A27))

¢ \/47'57'6 (e27¢ — 1) — 47T, (€27¢ — 1)2 + 1272
> 0

Sufficient Condition for the Contracting Effect to Dominate:
By the above expressions for the informed capital effect and the contracting effect, a

sufficient condition for the contracting effect to dominate is
27¢ (627 — 1) bfy

+T.
\/4757'5 (e2v¢ — 1) — 47T, (€276 — 1)2 + 1272 TE
Since b < 1, a stronger sufficient condition is
2 e 1
Tele ) SO

\/4757' e — 1) —4rer, (62 — 1) + 1272 Te
Because the LHS is increasing in 7. and approaches oo as 7¢ approaches oo, the above

condition is satisfied for sufficiently high 7.

Sufficient Condition for the Informed Capital Effect to Dominate:
By the expressions for the informed capital effect and the contracting effect, a sufficient
condition for the informed capital effect to dominate is
DT g+ Try 4yt 1
e Y+ T(r+7p) TR 4 T(r, +7p) + LT
2 (e¢—1)

\/4757'5 (e2ve — 1) — 47T, (€27¢ — 1)2 + 1?72

>

by Tp
" . =+ y+TT +’y—
The LHS of the above condition is larger than (5+7) - THT — !
Te AT (To+1p) 7L A+T(To+7p)+y——2L

Te
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. .. 1 ~T : _ T¢ T¢

which is in turn larger than = . Moreover, given 7, = ——— < =

& Te 4T (Tytrp)+y R » & P (1)’ >

T . T . )
L T is larger than * 1 . Hence, a stronger sufficient condi-
Te ’Y+T(Tu+7'p)+’7,r7 TeE Te Tv+ﬁ
tion is
T 2(e?° —1)7¢

> 0.

.
v+ T (TU + %) + ’y—+T2 \/47'57'5 (e27¢ — 1) — 47T, (€276 — 1)2 + 1272

Te

The LHS of the above condition is decreasing in 7¢, and is still positive at 7. = 0. Hence,

the above condition holds for sufficiently small 7.

Proof of Proposition 7

We can compute

o 1 A (1—=X)7y
Liquidity = — =
quadity P ﬁ—z—i‘TjL K
where ( ) ( )
Y(To+T A1 = N)7e
K=vy+T(r,+7p)+ - =4 BEir
Thus,
dLiquidity
d\
1 v 1—=N)71, 0 1—2\
— M—_T__% (T+l) Tp_|_(b )7—5
24T K K Te ) OX %+T

~-
informed capital effect

A ’y+(1—)\)7'v <T—{—l> Oy A1-=N1e v | | Ob (A36)

_ —(b_7+T>2T_E K2 7.) Ob (bl+T>2 Te o\

~
contracting effect

Proof of Part 1

Suppose that A = 0. It is easy to show that the contracting effect vanishes. In addition, we

can compute

dLiquidity [’V +(1- b)TL:] <”Y + T, + 7:;) — TyT¢ 1
— pu— b 2 .
dA A=0 ﬁ-l—T (7+T7v+%)
Thus,
v v dLiquidit
ToTe > |7+ 7 vy+TT, + TTv) o 20y <0,
TE 7—5 d)\ A=0

> 0.

A=0

YTy dLiquidity
) D)

ToTe < 7 (7—|—T7'U +

)
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Proof of Part 2

Suppose that A = 1. We can compute
dLiquidity
dA

1 To
A=1 %‘FT 7+T(7v+7'p>+7%

TV
informed capital effect>0

1 v Ob
("—7+T)27_6 O

A=1

N

Vv
contracting effect<0

The proof of which effect dominates is very similar to the proof of Proposition 6 and is thus

omitted.
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Online Appendix: Additional Results

A. Endogenous Information Precision
A.1 Setup

In the baseline model in Section 2, the precision level of fund managers’ information is
exogenously given. In this appendix, we extend the model to allow managers to incur a cost
and improve their information precision. Formally, the manager of fund ¢ can acquire the
following costly signal:

§i =104 ¢, with & ~ N (0,7,") (S1)
where 7., > 0 is the information precision, and {7, {;},} are mutually independent. The
cost of acquiring precision 7., takes a quadratic form as follows:

C(Te,) =01+ %Ti, with ¢; > 0 and ¢ > 0. (S2)
Here, parameter c; is the fixed cost, and parameter ¢y controls the size of the variable cost.
All the other features of the model in Section 2 remain unchanged. In fact, the baseline
model in Section 2 is a degenerate case without a variable cost (i.e., c2 = 0), meaning that
once a manager decides to incur a fixed cost to acquire information, she will optimally choose
an infinite precision level (i.e., 7} = 00).

The overall equilibrium is still composed of two subequilibria: the date-1 financial market
equilibrium and the date-0 incentive equilibrium. We now need to specify an additional
endogenous variable, the precision level 7} of informed portfolio managers. This variable
is determined by the FOC of the managers’ optimization problem for information precision
acquisition. We consider symmetric equilibria in which all funds choose the same contract
and the same information precision level. As in the main text, we derive the equilibrium

through backward induction.

A.2 Financial Market Equilibrium

Assume that all funds choose the same contract (a,b) and information precision level 7.. As
in the main text, we consider a linear price function given by (14). The demand function
Drg(p) of retail investors is given by (18). The demand function of fund i is given by
- E(f|3:5) —p
Dy (3:,p) = (f|~~)~ :
WVar(f|5:,p) + T
In this extended setting, fund managers also infer information from the price. That is, fund

(S3)

i’s manager interprets price p as signal §,,, and hence her information set {3;, p} is equivalent

to {3;,5,}. We use Bayes’ rule to compute the moments E(f|3;, p) and Var(f|3;, p), which



are inserted into (S3) to establish the expression for Dy (§;,p) as follows:
Te 5; + p Sp— 25

D[ (5“ ~) — Tv+Tp+Te - Tv"l"f'p:l"f'e (84)
b/y (Tv+Tp+Te + T_e> + T

Inserting the expressions for Dg(p) and Dy (3;, p) into the market-clearing condition (13),
we can compute the implied price function. We then compare this implied price function
with the conjectured price function (14) to obtain the following system that determines the

price coefficients:

Q
Gy = — I\ 1—N\ ) <S5)
bw(++i)+T + 'y( ! +i)+T
To+Tp+Te  Te To+Tp  Te
TetTp Tp
)\ Tvt+TptTe + (1 - A) Tv+Tp
0 — b (o t o ) 4T (7t )47 (S6)
v A 1-A ’
bv(%Jri)JrT + v( L +i)+T
To+Tp+Te Te Tv+Tp  Te
P P
)\ To+Tp+Te ﬁ + (1 _ )\) Tu+Tp a_{ + 1
aé _ b7(7u+71p+7'5 +7—15>+)\T v W(Tfi;p+7}s>+T v . (S’?)

T e —— Y (S S N
The above system can be further simplified into one equation in terms of one unknown
7, as follows:
(ATeTe)’
by (Te+To+Tp+7e) + 7 (T +7p +7e) T
We can show that the above equation admits a unique solution. Thus, given (a, b, 7.), there

27’5. (88)

T, =
T
exists a unique financial market equilibrium.

A.3 Incentive Equilibrium

On date 0, fund ¢’s problem is
max £ [VT/} —5( ~Z)]
(ai;bi)

subject to

T, = argmax f {maXE <_e*7[5(W¢)7017%T;]

€
Tei

sp)] , (9)
P s

sp)] >E (—e—WV> . (S11)

Condition (S9) is the manager’s IC constraint for the choice of precision 7.,: provided

k3

E LnaxE <_6_7[S(Wi)_cl_%%i

k3

E |max E <_e_7[5(W")_01_%76i
D;

that the manager decides to acquire information, she determines an optimal positive level

7 of information (i.e., the IC constraint for positive values of 7.,). Condition (S10) is the

manager’s 1C constraint for whether to acquire information at all: the manager is comparing



the utility of becoming informed with the utility of remaining uninformed, given that she
rationally anticipate that once she becomes informed, she will optimally acquire a precision
level 7% (i.e., the IC constraint for 7., = 7}, versus 7., = 0). Condition (S11) is the manager’s
PC.

Again, when making choice (a;,b;), fund i takes as given other funds’ contract choices
(a*,b*) and information choices 75. The idea in solving for the incentive equilibrium is to
use the FOC of (S9) to determine 77, set (S10) with equality to determine b*, and set (S11)
with equality to determine a*. In particular, we can compute the FOC of (S9) as follows:
by7e (Tp + 70 + 7) — veaTe, = 0. (512)

. { T by + T (1) + 7o) }
+y (Tp + 70)
+(1p+70) (Tp + 7o +72) (by + T'72)
The binding IC (S10) can be simplified as follows:
2
byT Te B 627(614_62%) 1

(To +7p) [0y (Te + 7o +Tp +Te) + (7o +7p + 7o) T]
Equations (S12) and (S13) will determine the equilibrium values of (7}, 0*).

2(Te+7p+ Ty +72)

(S13)

A.4 Results

We use Figure S1 to present the implications of institutionalization in this extended economy
with endogenous information precision. We set ¢y = 1075. The other parameters take the
same values as in Figure 4: 7, =5,7. = 1,¢; = 0.02,T =0.2,7 = 2, and () = 1. We observe
that the results remain the same as those in our baseline model. For instance, both the
incentive b* and price informativeness PI* increase with institutionalization parameter A,
independent of the value of noise trading precision 7¢. Other important asset price variables
can exhibit different patterns depending on the value of 7.. Thus, our results are robust to
endogenous information precision.

We also find that the equilibrium precision level 77 increases with A. This is driven by
the interaction between two offsetting effects. The positive effect comes from the increased
b*: as b* increases with A, each fund manager has a greater incentive to acquire information,
since she can enjoy more trading profits from acquired information. The negative effect
comes from the increased PI*: as Grossman and Stiglitz (1980) argue, a more informative
price weakens the incentive for each trader to acquire information on her own (for a given

b*). However, the positive effect dominates, such that, overall, 7* increases with .



Figure S1: Implications of Institutionalization in Economies with Endogenous Information
Precision
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This figure plots the implications of institutionalization in economies with endogenous information precision.

The parameter values are 7, =5,7. = 1,¢; = 0.02,¢c3 = 1076, 7T =0.2,y =2, and Q = 1.

B. Fund Manager Skills: Delegation versus Information

B.1 Setup

In the baseline model constructed in the main text, portfolio managers provide two types
of services to fund clients simultaneously: delegation and information. That is, when a
fund hires a portfolio manager, it delegates its trading to its manager and at the same
time, designs optimal contracts to encourage its manager to develop information. As a
result, an institutional investor simultaneously has two defining characteristics, delegation
and informed trading. This kind of institutional investors are close to active funds in real
markets. In practice, there are some institutions, such as passive funds, whose clients delegate
their portfolios to financial professionals, but do not necessarily expect the hired professionals
to develop information. In other words, this type of institutions only feature delegation but
not informed trading. Likewise, there are individuals who manage their own money and
do not have delegation issues. To capture these realistic features and to understand what

drives our results, we use this appendix to analyze an extended setting with multiple types
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of institutions. The main message is that both delegation and information are crucial in
driving our results.

Formally, we consider a setting with four types of investors in the financial market:

e Type 1: a mass A; of funds, who hire portfolio managers to develop costly information

v and trade at transaction costs 717;

e Type 2: a mass Ay of funds, who hire uninformed portfolio managers to trade at

transaction costs 17;

e Type 3: a mass A3 of informed retail investors, who access information © and trade at

transaction costs T'y;

e Type 4: a mass (1 — A\; — Ay — A3) of uninformed retail investors, who trade at trans-

action costs Th.

This setting allows us to separate the delegation role and the information role of fund
managers. We capture the delegation role in a reduced form: a fund manager can trade
assets at a lower transaction cost. Specifically, retail investors self trade and their trading
incurs a transaction cost Ty. By contrast, hiring a portfolio manager allows a fund to trade
assets at a transaction cost 77, which is lower than Ty.

In this extended setting, type-1 investors are the institutional investors in our baseline
setting in Section 2. Actually, when we set \s = A3 = 0 and T, = Ty = T, this extended
setting degenerates to the baseline setting. Other features of the baseline remain unchanged.
In particular, type-1 and type-2 funds offer their managers linear contracts given by (5).
Let (aq;, b1;) and (ag;, bej) respectively denote contract parameters for a typical type-1 fund
and for a typical type-2 fund. We still consider symmetric incentive equilibria, that is,
(@14, b1;) = (a1, by) for i € [1, \1] and (agj, bej) = (az, by) for j € [1, Ag].

In relation to reality, we can interpret type-1 investors as active funds, type-2 investors as
passive funds, type-3 investors as informed individuals, and type-4 investors as uninformed
individuals. Similar to the baseline setting, we take As as exogenous parameters and conduct
comparative statics with respect to these parameters. The implications of changing para-
meter \; (the mass of active funds) are the same as those of changing parameter \ in our
baseline model presented in Section 2. So, we focus our analysis on parameter Ay (the mass

of passive funds).

B.2 Financial Market Equilibrium

We now compute the financial market equilibrium given contract choices (a1, b1) and (ag, b2).

We still consider a linear price function given by (14). The price p is still equivalent to signal
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§, given by (19) with precision 7, in (20). Following similar computations as in the main
text, we can compute the demand functions for the four types of investors as follows:
v—p

E Fl~ =

type-1 investor Dy (,p) = (f\v~)~ P _ ' ’
byVar(flo)+Tr, 2 +1TL
E(f|p) — b S

T_15> + Ty

Ds(v,p) = = =
2(07) boyVar(fIp) +Te by

1
( To+Tp +
p
Y

type-2 investor
E(fl5) —p 5§ —
type-3 investor Ds(0,p) = (f|~vz P_ _ Vv :
War(flo) + Ty 2+ Tn
E(flp) — D Toiry P
— + Ti) + Ty

type-4 investor Dy (p) = — =
YWar(fp) +Tu ~y < -
To+Tp
Inserting the above demand functions into the market-clearing condition, solving the

implied price function, and comparing with the conjectured price function (14), we can

obtain the following system that determines price coefficients:
ag = —
0 M No IV (o Y P VYR
b1y 1 1 L 4T, 1 1
AL (et )4 R T (e )+ T

v Tv+Tp
“A1—Xo—Na)—P
b LS B A2 o 4 7>‘3 U-M—do—de) iy
b1y 1 1 L 4T 1 1
L (et A T et ()4
A1 A2 e (1=A1—Xa—A3) J
b1y 1 1 XL +T 1 1
LT by (iR )T e tTH (i )+
“A1—Xo—\a)—P
rp | UMM N 6
’y( ! +i>+TH v
To+Tp Te

A2

1 +i

(bQ’y(TvJﬁTp Te
(1-X1—X2—A3)

>+TL TotTp
a =
R VI X2 + e
21y 1 1 L 4T 1 1
e +Tr, b2V(m+E>+T Ts+ H ’Y<Tu+rp+;)+TH
Using the above expressions about a, and a¢, we can compute
Qg 1
P A1 A3 ’
a +

which implies
2
A1 A3
Tp = (bﬁ—”JrTL + J—E—FTH) T¢-

B.3 Incentive Equilibrium
The Optimal Contract for Type-1 Funds
A type-1 fund’s problem is the same as the baseline model. That is, on date 0, fund 7 of

type 1 faces the following problem:
max F Wh’ — S(VNVM)]

(a14,b14)



subject to

3 | 3 ~
Wi = Dyul(f—p)— §TLDfi, S(Wii) = ayi + buiWi;

Pl

Dy;

¢ : F [max E(—e —y[S(Wi) C]|U p)} E |:H[1)aXE'(_6—’YS(W1i)
1

pPC : FE {I%axE(—e_V[S(W“)_C]W,ﬁ)} > E(—e ).
17

Similar to the baseline model, by; is pinned down by the IC constraint, and a;; is in turn

determined by the PC. Specifically, we can show that fund ¢’s utility is decreasing in by;

and thus the IC constraint holds with equality. Going through similar computations as the

baseline model, we can find that the incentive component b] in type-1 fund’s equilibrium

contract is determined by the following binding IC condition:
bivTe

2
A1
Tyt <b*v+T + ”+TH) T&]

In particular, fixing the masses A\; and A3 of informed investors, b] is not affected by the

= — 1. (S14)

b3y +Tr7e)

mass \g of type-2 funds.

The Optimal Contract for Type-2 Funds
A type-2 fund’s problem is different, since it does not face an IC constraint (an uninformed
portfolio manager is not expected to produce information). Specifically, fund j of type 2 faces
the following problem:
max F [ng — S(WQJ)]

(a2;,b2)
subject to

. | . .
Waj = Dyj(f—D) — §TLng> S(Waj) = agj + ba;Waj;

PC : FE {r%axE( e 5(W2) |0, p)] E(—e_VW).

Fund j always chooses a value of ay; such that the PC holds with equality. Using this
fact and following the same logic as in the baseline model, we can express the principal’s
expected utility as a function of by; and show that it is decreasing in by;. As a result, a
type-2 fund always sets by; at its lower bound.

Let the common lower bound of b;; and by; be b. In the baseline model in Section 2,
we have set b = 0. In this appendix, we allow b to be positive but can be arbitrarily small
so that the solution is more empirically relevant (i.e., in practice, passive funds also charge
some proportional management fees). So, by = b.

Since b} > b, we have b} > b5. To the extent that type-1 and type-2 funds represent

respectively active and passive funds, this result is consistent with empirical regularity: active



funds typically charge higher expense ratios than passive funds (see the 2019 Investment

Company Fact Book).

Proposition TA.1. (Incentive Equilibrium) In the economy with multiple funds, the follow-
ing hold:

1. In equilibrium, the incentive component by of type-1 funds is determined by equation

(S14), and the incentive component b} of type-2 funds is b.

2. Fiz (M, A3). An increase in the mass Ay of type-2 funds does not change b and b.

B.3 Asset Pricing Implications of Type-2 Funds

We now fix (A1, A3) and conduct comparative statics with respect to the mass Ay of type-2
funds. This corresponds to a thought experiment that some uninformed retail investors (type-
4 investors) become passive fund clients (type-2 investors). Similar to the baseline model,
we examine five market variables, {PI*, RetVol*, CC*, PriceVol*, Liquidity*}, which are
defined by equations (29)—(33), respectively.

Proposition IA.2. (Comparative Statics) Fiz (A, A3). An increase in the mass Ay of type-

2 funds does not affect price informativeness, decreases the cost of capital, return volatility,

dPI* __ 0 dccx <0 dRetVol* <0
- ’ ’

and price volatility, and increases market liquidity. That 1s, Do o D

dPriceVol* dLiquidity™
o <0, and = > 0.

Proposition IA.2 shows that the implications of changing A, dramatically differ from the
implications of changing A;. This suggests that our results are driven by both features of
institutional investors, delegation and informed trading.

The price informativeness result in Proposition IA.2 follows immediately from the ex-

2

3 _ A1 A3 o .

pression of 7, = ( TEN + z +TH) T¢. We now prove the remaining results.
£

(i) Cost of capital
We can show that

Q 1 . 1
1 1 1 1
dccr _ (bw(wpm%ﬂ W(Tmm)%)
= — 5
d)\2 < . A1 1—XA1—Xa—A3 _I_ - A3 + A2 )
b1y 1 1 L +T 1 1
T (et )T T b (g )T

which is negative given T, < Ty and by < 1.
(ii) Liquidity



Direct computation shows

% _ o [ (Tp+7v +7) + (T —Tp) 7e (Tp—i_'rv)]
dAsa ) . M 1-Ai—A2—)3 27
Y (Tp + Ty + Te L (At )+ T
TL (Tp + TU) b ! )\37_6 ( rt )\2 )

‘I‘THTa (Tp + 7-11) +’Y+TH7'5 ‘I’ b2’y<7viﬂ_p+T£)+TL

which is also negative.
(iii) Price volatility
Price volatility is given by aQL + a2 Slnce < 0, it suffices to show that d“” < 0.

Note that 3—5 = M; is mdependent of )\2 So, df < 0 implies that
: 1’71—67+TL =Ty
da,
< 0.
dAs

Thus, price volatility decreases with A,.
(vi) Return volatility
Taking derivatives of RetV ol with A\, we have

dRetVol 91—aq )idav L9 1 ia da,
d)\z N Y T d)\g Ay + A3 T vd)\z
' oyr, T e ) T
2
da, 1 1 To
= zd)\v_ —(1—a,) +a, " v
2Ty LR + = +TH ¢
Te
Given the expression of a,, we have
A2 To U-M—de- /\3)”‘”17
1 Ty+T 1
L boy (i 2 ) 4T T (L )+ T
v A1 + Ao + A3 + (1-X1— ,\2 A3)
TATL  bay(sAa 4R )T T (A4
Te L 27 To+Tp  Te L Te v To+Tp | Te H
Note that )
1 Ty
Cy —
A1
[T + 7+TH T
Te
o - (1-A1—A2—Xs) 7B
11 +7 1
> b27(7v+‘rp+7's>+TL T i ’Y(TerTerTs)JrTH E
A A I-XA1—Aa—A\
m/\er—i_b 3 T+l+3TH+ (11 T 3)T Tr
AT (b )4 (s e )+ Tm
AQ Tov (1_)\1 )\3)7 +7p
To+T 1
boy (b 2 )+ T v(,v+7p+,g)+TH
A A A T—A1—Aa—A
bﬂl + a 2 +l+3T + (11 2—A3)
?‘FTL b2’y<Tv+Tp+TE)+T Te H ’Y(TU+TP+TE)+TH
This suggests that
2
1 Ty
ay YR — —(1—-a,) >0.
bl’Y+T 1+TH 5



Thus,
dRetV ol
— <0

dXo

C. Endogenous Institutionalization
C.1 Setting and Equilibrium

We use this appendix to endogenize the mass A of institutional investors. The setting remains
largely the same as the baseline model in Section 2. There are a continuum of ex ante identical
agents who, at the beginning of date 0, decide whether they will behave as a retail investor
or an institutional investor in the future financial market. We assume that it costs an agent
a fixed cost of F' > 0 to establish an institution. In the baseline model, we have followed
the literature and assumed that the principal of institutional investors is risk neutral. So, to
maintain consistency, we assume that the agents are risk neutral as well. This implies that
retail investors are risk neutral and so we need to recompute the date-1 financial market
equilibrium.

Fix the mass A of institutional investors and their contract choice (a,b). The demand
of institutional investors is still given by (15). Retail investors are risk neutral and their

demand function becomes

5 1 T.8 B
Dr(p) = 7 {T ipT —p] : (S15)
v P

Inserting (15) and (S15) into the market-clearing condition, computing the implied price
function, and then comparing with the conjectured price function (14), we can compute the

price coefficients as follows:

_ P

A (1 )\)7—1;+7—p (17)‘)@?7— ?JFT
Q AT r oot
apg = — Ay = Qe =
IPNINSE PN X1
Zyr T Sir T Zyr T
where
2
. (ATe) T¢
p = 2"
(vo+T7.)

Note that the expression 7, is the same as its expression (22) in the baseline model, since
the informational content of prices is determined by the trading behavior of institutional
investors, which remains unchanged.

We next compute the equilibrium contract (a,b) of institutional investors. Since the
decision problems of a fund and its manager are the same as the baseline model, the deter-

mination of (a,b) also remains the same. That is, we use the IC constraint to pin down b
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and the PC to pin down a. Specifically, the binding IC constraint is

b =21, (S16)

ATe 2r
O+ T72) (7o + (55757

This implies the following incentive component b* in the equilibrium contract:

Tre 27, (€2 —1) — 7] + 72 \/4)\27§75 (e2¢ — 1) — 4N?7e7, (e27° — 1) + T272

b* , (S17
27 [Te — Ty (e27¢ = 1)] (817)
which remains the same as (27) in the baseline model.
Using PC, we can compute
a*=c+ W — A, (518)
where )
1 b yVar(v — p b* B — )]
A= —|m(14+22 *ar(v D) - v (U p)J -
2y g Y 4 7 4 Eayar(p)
| Te Te %+T
1 b*y [(1 —a,)” T+ angl} b:iwerag
= oo |Im| 1+ b* + - 2 _—1 1
2y 14T - by[(1-au)?ry ! +a2r7!

Finally, we go-back to the beginning of date 0 to determine the equilibrium mass A of
institutional investors by comparing the expected utility of an institutional investor and that
of a retail investor. If an agent decides to be a retail investor, then she will trade on her
own account and keep all the trading profits. Using the budget constraint and the demand

function of a retail investor, we can compute the expected utility of a retail investor is:

Un = E|Dali)(F - 1) - 5T x Dati

— £y [ -]

o 2
1 21 Thos 1
= — |ad+ ) =+ Pov o] =1, (S19)
2T Ty +Tp To Ty +Tp Tg

where the last equation follows from the expression of the price function.

If an agent decides to spend cost F' to establish an institution, then she will work as
a principal, hire a professional manager with optimal compensation (a*,b*), and keep the

remaining profits. That is, the expected utility of an agent who chooses to become an
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institution 1is:

Ur = B[Wi= 5 (W) - F|
— B |- [Di0. T ) - T % Dilo ]~ F]

2b*y
+T N2 2
= (1-b) ( ( d-a) +%>—a*—F, (S20)

2 (52 +7)

where b* and a* are given by equations (S17) and (S18), respectively.

An interior mass \* of institutional investors requires U; = Ug. The corner equilibria are
defined with inequalities. That is, if U; > U at A = 1, then \* = 1 is an equilibrium. If
U; < Ug at A =0, then \* = 0 is an equilibrium.

C.2 Results

In this extended economy with endogenous \*, institutionalization can be driven by different
forces. This is reflected by a change in A* caused by changes in different deep parameters. In
this subsection, we focus on three deep parameters: I, the cost of establishing an institution;
W, the reservation wage of portfolio managers; and ¢, the cost of information acquisition.
The comparative statics analyses with respect to these parameters are very representative
of the different implications of various forces driving institutionalization.

In fact, parameters F' and W play exactly the same role in our setting. By the expressions
of a* and U; in (S18) and (S20), we can see that a decrease in F is equivalent to a decrease
in W in determining a fund’s ex ante payoff. This is intuitive: a decrease in F' directly raises
the fund’s payoff, while a decrease in W results in a decrease in the fixed compensation paid
to the manger, which, again, increases the fund’s payoff. As a result, we only carry out the
comparative statics with respect to parameter F', but keep in mind that the comparative
statics with respect to W is exactly the same.

We report the results in Figure S2. In Panel A, we plot the following seven endoge-
nous variables against F' : \*,b*, PI*, RetVol*, CC*, PriceVol*, and Liquidity*. The other
parameter values are 7, = 5,7. = 1,7 = 2,7 = 02, = 1,7« = 1,c = 0.02, and
W = 0. In Panel B, we plot the same variables against ¢ for the parameter configura-
tion 7, =57.=1,7=2T=02,Q =1,7 = 3,W =0, and F = 0.005. We will focus on
the cases in which the equilibrium value of \* is large, since our novel results in the baseline
model arise when the market is primarily dominated by institutional investors.

In Panel A of Figure S2, a decrease in F' (or equivalently, a decrease in W) leads to an
increase in \*, because it is cheaper to establish a fund. The increased \* in turn increases b*

through the contracting channel explored in the baseline model. Formally, by the binding 1C
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Figure S2: Effects of F' and ¢ in Economies with Endogenous Institutionalization
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This figure plots the effects of F' and ¢ in economies with endogenous institutionalization. The paratmeter
values in Panel A are 7, = 5,7. = 1,7 =2,T =0.2,Q = 1,7¢ = 1,c¢ = 0.02, and W = 0. The paramter
values in Panel B are 7, = 5,7. = 1,7y =2,7 =0.2,Q = 1,7¢ = 3, F = 0.005, and W = 0.

constraint (S16) or the expression of b* in (S17), F affects b* only through A*. That is, the
effect of F' only operates through the contracting channel highlighted in the main text. The
results for other variables follow immediately. Price informativeness PI* increases as a result
of an increase in A*. When \* is large, return volatility RetVol*, the cost of capital CC*,
and price volatility PriceV ol* increase with A*, but market liquidity Liquidity* decreases
with \*, because the contracting channel dominates the informed capital effect.

In Panel B of Figure S2, a decrease in information acquisition cost ¢ also leads to an
increase in \*. This result is intuitive: since a lower ¢ means that it is cheaper to develop
information, a fund expects to pay less to its hired manager, which makes it more attractive
for an agent to become an institutional investor. However, accompanied with this increase
in \*, the incentive component b* of the equilibrium contract decreases. This is because ¢
affects b* not only indirectly through A* (the channel highlighted in the baseline model),
but also directly. These two effects work in opposite directions. Formally, in the binding
IC constraint (S16), a decrease in ¢ has two effects. First, it increases the LHS through
increasing A (and price informativeness 7,), and this force tends to increase the equilibrium

value b* through the free-riding channel explored in the main text. Second, it decreases the
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RHS by directly lowering information acquisition cost, and this forces tends to decrease b*,
because a fund does not need to give up a high fraction of its profits to motivate its manager
for producing information at cheap cost. The second effect dominates so that a decrease in
c leads to a decrease in b*.

The decreased b* (due to a decrease in c¢) implies that the effective risk aversion of
institutional investors becomes lower. As a result, the contracting channel works in the
same direction as the informed capital channel (the increased A\* due to a decrease in c).
Consequently, in Panel B of Figure S2, when \* is close to 1, a decrease in ¢ improves
price informativeness PI* and market liquidity Liquidity*, but decreases return volatility
RetVol*, the cost of capital CC*, and price volatility PriceV ol*.

D. A Model of Benchmark Concerns

In this appendix, we consider a setting in which institutional investors are defined by bench-
mark concerns as opposed to delegation. The setting closely follows Breugem and Buss
(2019), who focus on endogenous information acquisition. Instead, we assume that institu-
tional investors are always informed and focus on the role of benchmark concerns for market
variables examined in the main text. We show that benchmark concerns alone are unable to
generate our results.

The environment is the same as that of our baseline model. There are a unit mass of
CARA investors with risk aversion v > 0. These investors are still divided into two groups:
(1) amass A of institutional investors; and (2) a mass 1—\ of retail investors. Retail investors
remain unchanged from our baseline model. That is, they are uninformed, and their demand
function is given by (18). Institutional investors observe information ¢. In addition, they
have benchmark concerns. Specifically, fund i’s compensation is

S(VVi,RB) = Wz - pVVi,ORBa
where W, is fund #’s final wealth, W, is its initial wealth level, and Rp is a benchmark
return. Parameter p > 0 captures the strength of benchmark concerns. Breugem and Buss
(2019) further specify
VVi,ORB =f-7
which is the return on the market portfolio.
The main change is institutional investors’ demand function, which is given as follows:
- E(flo) = p U—p
Dil@.p) = YVar(f|o)+T = =47 e
We still consider a linear price function given by (14). Using the demand function expressions

and the market-clearing condition, we can compute the implied price function. We then
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compare the implied price function with the conjectured price function to compute the price

coefficients as follows:

Q—Ap
ay = — N i (1-N) )
7 tT ’Y(T,UiTp-F%)-l-T
7{\#T 1(17)\)1 T Tfﬂ'
Lo V(L )+T Tt
v A (1—X) )
R O R
A 1-» Tp
B A (S B R R
ag =

A (1-X) ’
A I (e

Tv+Tp  Te

\ 2
7'1,:(,7 ) Tg.
14T

After figuring out the price function, we can conduct comparative statics with respect to

with

parameter A. It turns out that the results are very similar to the results without delegation

in our economy (i.e., Proposition 1). The proof is also very similar and thus omitted.

Proposition TA.3. (Institutionalization with Benchmark Concerns but without Agency
Problems) In the economy with benchmark concerns but without agency problems, the fol-

lowing hold:

1. Institutionalization improves price informativeness and reduces return volatility and
the cost of capital. That is, % > 0, % <0 and % < 0.

2. LetT, =2 +T. (a) If (v + %Tf)(’}/ +7,13) > ToTe, then LAy ~ (),
(b) If (v + %T&)(’Y + 1.T,) < TuTe, then AU () when the market is primarily
dominated by institutional investors, and % < 0 when the market is primarily

dominated by retail investors.

3. (a) When the market is primarily dominated by institutional investors, % < 0.
(b) When the market is primarily dominated by retail investors, eVl () if and

X
only if T,T¢ < (v + T%Tg)(’y + 7,T0), where T, = = +T.
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