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Abstract

I develop a model that analyzes how index investing impacts optimal managerial contracts. Index
investors are constrained to purchase all risky assets in a fixed proportion, so information that affects their
demand for the index gets reflected in all the constituent stock prices. Suppose a manager takes a value-
enhancing action. Index investors now expect higher index payoffs and buy more of the index, which boosts
the stock prices of all index firms. Thus, the prices of other index firms are positively related to and contain
unique information about the manager’s effort. The optimal contract puts a positive weight on the index to
increase the effort sensitivity of the manager’s pay, not to reduce his risk. Relative performance evaluation

is, therefore, not optimal in this setting.

1 Introduction

Recent estimates suggest that the percentage of US equities owned by index funds or index ETFs has dou-
bled over the past decade from 8% to 16%.! Such a shift in the composition of investors is bound to affect
the informational content of stock prices because active and index investors gather and trade upon information
differently. Active investors are concerned with both the aggregate and relative performance of stocks while
index investors only care about the former. Changes in the informational content of stock prices are important
to examine because stock prices affect the decisions made by firms. For example, managers often have part of
their compensation tied to their firm’s stock price to incentivize them to act in the best interest of shareholders.
Therefore, if the growth of index investing changes how managerial actions are reflected in financial markets,

the manager’s optimal contract will also change.

*I thank Philip Bond and Doron Levit for their valuable guidance and feedback on this paper. I also thank participants at the
2022 Finance Theory Group - Bridging Theory and Empirical Research in Finance PhD poster session.

1See 2022 Investment Company Factbook page 30. However, a recent academic study (Chinco and Sammon (2022)) suggests
that this number is an understatement and that the true percentage was around 38% in 2020.



I develop a joint model of contracting with moral hazard and financial markets with index investors to
examine how optimal managerial compensation changes as the fraction of index investors increases. To my
knowledge, this is the first paper to study the impact of index investing on managerial compensation. Sup-
pose there are two firms and index investors exist. The optimal contract for manager 1 always puts a positive
weight on firm 2’s stock price and this weight is increasing in the fraction of index investors. Manager 1’s effort
increases expectations about the payoffs of firm 1 and the index (because firm 1 is part of the index). Index
investors buy more of the index after receiving this good news, which pushes up both stock prices. As a result,
both stock prices reflect the index investors’ information about manager 1’s effort. The positive relationship
between manager 1’s effort and firm 2’s stock price suggests that it should get a positive weight in manager 1’s

contract to increase the effort sensitivity of his pay.

The optimal contract includes the other firm’s stock price to increase effort sensitivity of the manager’s
pay. This motivation differs from the relative performance evaluation (RPE) literature which argues that the
purpose of including the performance of other firms in the manager’s contract is to hedge common risks. To see
the difference between the effort sensitivity and hedging motives, suppose the stock prices of the two firms are
positively correlated and the manager is risk-averse. The classic RPE result (e.g., Holmstrom (1982)) is to put
a negative weight on the other firm’s stock price to reduce the volatility of the manager’s pay. This outcome
allows the principal to introduce stronger incentives without violating the manager’s participation constraint.
In contrast, my paper puts a positive weight on the other firm’s stock price because it is increasing in the
manager’s effort. In other words, I find that the benefits of increasing the effort sensitivity of the manager’s
pay outweigh the costs of increased pay volatility. I should note that these two motivations are not always at
odds with one another, but when they are, effort sensitivity dominates. This result is robust to an arbitrary

number of firms.

We must understand how stock prices respond to a change in the fraction of index investors to see the
intuition behind the above result. Over reasonable parameters, an increase in the fraction of index investors
makes a stock less sensitive to its own cash flow, more sensitive to the other firm’s cash flow, have a greater
covariance with the other firm’s stock price, and have a greater variance. The first three effects come directly
from the synchronized asset demands of indexers. Suppose one firm has a high cash flow realization. Indexers
buy less of the firm that has the high realization and more of the firm that does not than active traders do

because they are constrained to buy all stocks in the same proportion. This reasoning leads to the additional



result that firms place less weight on their stock price in the optimal contract as the fraction of index investors
increases. The higher volatility comes from noise traders playing a greater role in determining relative prices

when there are fewer active traders.

The two price sensitivity effects imply placing more weight on the other firm’s stock price in the optimal
contract because it is relatively more informative about managerial effort. The effects of the higher covariance
and variance are conflicting. Contracts can more effectively hedge common risk with a greater covariance, but
any given hedge becomes riskier with greater variance. Thus, the greater variance caused by index investors
dilutes the hedging benefits of a higher covariance. I show that the dilution is severe enough to guarantee that

the effort sensitivity effect dominates.

My model assumes that the goal of each firm’s principal is to maximize the expected dividends of its firm,
but the common ownership literature (e.g., Azar, Schmalz, and Tecu (2018)) suggests that the growth of in-
dexing may change that objective. Index investors typically invest through an index fund managed by a large
asset manager (e.g., Vanguard, BlackRock, or Fidelity), so ownership tends to become more concentrated as
indexing increases. These diversified asset managers may then govern their firms to maximize portfolio profits,
which is not necessarily equivalent to maximizing the profits of each individual firm in their portfolio. I include
an extension where the principal sets each manager’s contract to maximize expected aggregate dividends and I
find that the optimal contract parameters have the same sign as the single owner case; all the common owner

does is alter the magnitudes.

My paper contributes to the literature on how index investing impacts equilibrium asset prices. Most theo-
retical papers in this literature rely on noisy rational expectations equilibrium (REE) models of financial markets
as developed by Grossman and Stiglitz (1980), Hellwig (1980), Diamond and Verrecchia (1981), and Admati
(1985). T use the Admati (1985) framework (a multi-asset version of Hellwig (1980)) for my financial market

and add index investors and endogenous cash flows driven by managerial effort.

The three index investing papers most similar to mine are Bond and Garcia (2022), Buss and Sundaresan
(2020), and Liu and Wang (2018). Bond and Garcia (2022) use a Diamond and Verrecchia (1981) style finan-
cial market to analyze the welfare consequences of a decline in the cost of index investing. They find that as

the fraction of index investors increases, the price efficiency of the index declines and the price efficiency of



individual stocks increases. The latter result is because the marginal trader who switches from active to index
investing following a decline in the cost of index investing is less informed than the remaining active traders.
Thus, the average information quality for individual stocks increases when they leave. Buss and Sundaresan
(2020) develop a model of feedback between price informativeness and corporate investment. Essentially, an
increase in the fraction of passive investors lowers the firm’s cost of capital because active investors hold fewer
shares in equilibrium — and thus less risk. A lower cost of capital encourages investment, which makes the
firm’s cash flows more volatile and therefore incentivizes active investors to gather more information. Liu and
Wang (2018) develop a model of index investors with endogenous information acquisition and find that the
effect of index investors on price efficiency depends on how gathering information on one stock affects the costs

of gathering information on additional stocks.

As the above papers suggest, there is no theoretical consensus on how an increase in indexing impacts
price efficiency. Other papers on the subject include Lee (2020) which finds a positive relationship between
indexing and price efficiency, Baruch and Zhang (2021) which finds a negative relationship, and Coles, Heath,
and Ringgenberg (2022) which finds no relationship. Davies (2021) and Sammon (2022) also contribute to this
literature. The latter uses theoretically motivated measures of price informativeness to find that price efficiency
has declined over the last 30 years. This result suggests a negative relationship between index investing and
price efficiency. My simple model of index investors also implies a negative relationship between index investing
and price efficiency, but that is not the focus of my paper. One of my main contributions to this literature is

to endogenize stock payoffs with a managerial moral hazard problem.

My paper also contributes to the literature on the real effects of financial markets; specifically, on how finan-
cial market developments impact managerial incentives. See Bond, Goldstein, and Edmans (2012) for a survey.
Two classic papers on how stock prices can be used to learn about managerial effort are Holmstrom and Tirole
(1993) and Diamond and Verrecchia (1982). Holmstrom and Tirole (1993) uses a Kyle (1985) style financial
market to examine whether a firm’s stock price is a useful tool for monitoring managers. Unlike my model,
the firm will optimally contract on both the final payoffs and the stock price because they contain different,
but correlated, pieces of information. My model simplifies the analysis by making output a sufficient statistic
for managerial effort and then assumes the principal can only contract on prices. I make this choice because
I am primarily interested in how stock market developments impact incentives, so allowing contracts to also

depend on output would unnecessarily complicate the analysis. Diamond and Verrecchia (1981) examines a



moral hazard model where the stock price contains some unique information for the principal above and beyond
output. My main contribution to this literature is to examine how well markets can monitor managerial effort

when index traders impact the informativeness of prices.

My paper makes extensive use of two fundamental results in contract theory: the informativeness principle
of Holmstrom (1979) and the hedging benefits of relative performance evaluation as seen in Holmstrom (1982).
The informativeness principle states that a performance measure should be included in a contract if and only if
it provides additional information beyond the pre-existing contracting variables. I find that firm 1’s stock price
is not a sufficient statistic for manager 1’s effort whenever there is a positive fraction of index investors; firm 2’s
stock price also contains valuable information. Index investors are constrained to purchase equal amounts of
both stocks, so any information that they have about one manager’s effort gets divided between the two stocks.
Therefore, the other firm’s stock price should be included in the optimal contract. I also find that my results
go against the basic intuition of relative performance evaluation models. As discussed earlier, the benefits of
improving the pay sensitivity of effort always outweigh the costs of increased pay variance. This result could
perhaps explain the so-called “RPE puzzle” as defined in Murphy (1999) and further studied in DeAngelis and
Grinstein (2016) and Gong, Li, and Shin (2011). The puzzle is the lack of evidence for firms using RPE despite
the well-known theoretical benefits. My model suggests that “negative RPE” is optimal in a world with index

investors because other prices are informative of effort.

The above result concerning the optimally of “negative RPE” is also found in the common ownership liter-
ature. The idea is that the owner of two firms may want to place a positive weight on the other firm’s stock
price in each manager’s compensation to reduce competition between the two firms and increase joint profits.
Gordon (1990) and Aggarwal and Samwick (1999) are two well-known papers that demonstrate this result. The

relationship between my paper and this literature will be discussed more fully in Section 7.

The rest of the paper is as follows: in Section 2 I present a toy model to motivate my analysis, in Section
3 I present my full model, in Section 4 I solve my model, in Section 5 I extend my analysis to N > 2 firms, in
Section 6 I discuss alternative ways to model index investors, in Section 7 I examine how common ownership

impacts my results, in Section 8 I discuss the empirical implications of my results, and I conclude in Section 9.



2 Toy Model

To fully see the difference between my contracting motivation and that of the RPE literature, consider the
following contracting problem. There are two firms (k € {1,2}) whose outputs (z)) depend on their manager’s

effort (e) and noise (ny). Formally, xi = e + n with 11,12 ~ N(0,1) and corr(ni,n2) = 0.

Firms cannot contract directly on output but must rely instead on a performance measure P, = ey + ae; +
Mk + or with « € [0, 1], ¢ ~ N(0, 1), corr(d1, ¢2) = p. Assume ¢y is independent of 1; and 75. The performance
measure for firm 1 equals its output plus a term that depends on the effort of manager 2 (ae;) and an additional
noise term that is correlated across performance measures (¢). So even though fundamentals are completely
independent, the performance measures of the two firms are linked by effort (through «) and a correlated noise

term (through p).

The principal is risk-neutral, the manager is risk-averse (specifically, CARA utility?), and contracts are linear
in the two performance measures. For firm 1, the contract is wy = I3 + m1 P, + n1P>. The formal contracting

problem for firm 1 is then:

max F(x; —wy)

li,ma,nq
1, 1
s.t. E(wy) — 261~ §Var(w1) >0 (IR)
1 1
e1 € argmax E(wy) — 56% - §Var(w1) (IC)
€1

The principal maximizes expected output minus the manager’s wage. The manager requires his expected utility
to be non-negative and chooses effort to maximize his expected utility given the contract. The manager’s
expected utility equals the expected wage minus a quadratic cost of effort term and a risk-aversion term. I will

drop the firm subscripts in the following discussion because the solutions are identical across firms.

Lemma 1 When o = 0, the optimal contract sets m* > 0 and has n* have the opposite sign of p = corr(ny,n2).

We can interpret Lemma 1 as the classic RPE result. The positive sign on m* — the contract weight on the
firm’s own stock price — is straightforward, but the sign of n* is the main RPE result; we set the sign of n* to
be opposite that of p to hedge out noise in the performance measure. By doing so, we reduce the volatility of

the risk-averse manager’s pay which allows the principal to put stronger incentives in place.

2] set the manager’s coefficient of absolute risk aversion to 1 for simplicity.



Lemma 2 When o > &, the optimal contracts sets m* >0 and n* > 0.

We still get m* > 0 when o > 0. However, we are now guaranteed to get n* > 0 when o > £. Note that o can
be interpreted as the sensitivity of firm 1’s stock price to manager 2’s effort divided by the sensitivity of firm 1’s
stock price to manager 1’s effort. We can also interpret £ as the covariance of the two performance measures

divided by their common variance Var(P) = Var(P,) = Var(P;) = 2.

dP;, dP, p  cov(Py, Py)
=== Kk qgf o2
“ < de; ) / (dek ) R Var(P)

In the RPE model, we always set n* < 0 when p > 0, but now we set n* > 0 whenever a > £ > 0 even though
doing so increases the manager’s risk. The benefits of increasing the effort sensitivity of the manager’s pay

outweigh the costs of increased pay volatility.

In my full model, I endogenize the parameters o and p through a model of financial markets with index
investors. Specifically, the synchronized demands of index investors create both the correlation between the
two performance measures (p) and the presence of the other manager’s effort («) in each firm’s performance

measure. I then demonstrate that the magnitudes of these parameters are such that a > £, so n* > 0.

3 Full Model

3.1 Firms

There are two firms: 1 and 2.3 Each firm is controlled by a risk-neutral principal and managed by a risk-
averse manager. The manager privately exerts costly effort to increase the mean cash flow of his firm. Denote
firm k’s cash flow as x;. The manager of firm k is paid a wage w;, as compensation for his effort. Each firm
pays out the entirety of its cash flow net of managerial compensation (i.e., zx — wy) to its shareholders as a
dividend. Financial market participants trade shares of each firm at the equilibrium price P,. Assume each
firm has one share outstanding. The details of the contracting problem and financial market will be explained

in the following subsections.

3.2 Contracting Problem

Each firm’s principal faces a moral hazard problem. The risk-neutral principal wants to maximize the ex-

pected dividends of the firm: E(xy — wy). Each risk-averse manager chooses his firm’s mean cash flow ey at a

3 All results generalize to an arbitrary number N firms. See Section 5 for details.



personal cost of %ei. The manager’s choice of ey, is his private information. I assume the cash flows of the two

firms are normally distributed, independent, and have identical variances. Specifically, let xj ~ N(eg,1).%

The principal induces effort with a contract. I focus on linear incentive schemes of the following form:

w =l + mp Py + nkPj

That is, the contract has a fixed component [, a component based upon the firm’s own stock price my, and
a component based upon the other firm’s stock price ng. I assume that the principal cannot contract on the
actual cash flow xj. This assumption can be rationalized by supposing that the payoffs are for a long-term

project and the manager must be paid immediately for current consumption.

The manager has CARA utility over wy — %ei with risk aversion coefficient 1. He also requires an expected
utility of at least 0 to participate. Therefore, the principal of firm k chooses (I, my,ng) to maximize expected
dividends subject to the manager participating and choosing the effort level that maximizes his expected utility

given his contract.

3.3 Financial Market

The financial market consists of three assets: a risk-free asset, the stock of firm 1, and the stock of firm 2.
I assume the risk-free asset has a guaranteed price and payoff of $1. There is an infinite supply of the risk-free

asset and 1 share of each stock outstanding.

There exist a unit mass of agents ¢ € [0, 1] with CARA utility over terminal wealth and a common coefficient
of absolute risk aversion 1. All agents have the same starting wealth Wj. Agents choose portfolios to maximize
their expected utility. I also assume there exist noise traders with random demand for each asset, 21, z2, which
are i.i.d random variables with distribution N(0,7,!). These random variables are independent of every other

random variable in the model.

However, for mathematical convenience, I follow Bond and Garcia (2022) and analyze the financial market

4When the cash flow’s variance gets too small, market clearing restricts the principal to contracts that make the stock price
resemble a risk-free asset. This restriction generates all sorts of bizarre results such as putting a negative contract weight on the
firm’s own stock price. To avoid these unrealistic complications, I set the variance to 1 in my base model.



in terms of two synthetic assets rather than the original stock prices. Define the following synthetic asset prices:

11
* (1)
1 -1

Prn Py ]
=T ,with T' =

Prs P,

Sl

I divide by /2 to keep the variances of the synthetic cash flows and noise demands equal to the originals.
Py is the price of an index asset (proportional to P; + P») and Ppg is the price of a long-short asset (pro-
portional to P, — P»). We can similarly transform all other variables in the model: variables with subscript
IN are for the index asset and variables with subscript LS are for the long-short asset. Also, observe that
Cov(zin,zrs) = 0,Cov(zrn, zLs) = 0, and Cov(xyn, zrs) = Cov(zrs,zrn) = 0. As a result, the two syn-

thetic asset prices will also be uncorrelated.

The purpose of this transformation in both Bond and Garcia (2022) and here is to simplify the traders’ asset
demands. Index investors generate multiple sources of correlation in the original stock prices which makes each
trader’s information set quite large. However, because the two synthetic assets have zero correlation, focusing

on them simplifies the calculations considerably.

I assume an exogenous fraction of traders A are active and the remaining 1 — A are indexed. I endogenize
this fraction in Appendix 2, but it does not impact my results at all. Active traders can purchase as much
of the index and long-short assets as they want while index investors are constrained to only trade the index
asset. This is equivalent to saying active traders can freely trade stocks 1 and 2 while index investors can only

purchase them in the same proportion.

Active traders receive an independent noisy signal about both the index and long short asset. Let s;; =
21 + €;1 be a signal for the stock 1 and s;2 = x2 + €;2 be a signal for stock 2 and s; = (841, $i2)’. Active investors
see the two synthetic signals (s; ;n and s; s) generated by T's;. Observe that these two synthetic signals are
uncorrelated. Passive investors only receive a signal about the index asset; that is, passive trader ¢ only observes
the signal s; 1y = % This is equivalent to saying that active traders see signals about both of the original
assets while index traders only see a signal about aggregate cash flows. Let €;, ~ N(0,7.!) be the distribution
of noise and assume that noise realizations are independent across assets k and agents i. ° Further assume

signal noise is independent of all other random variables in the model.

5Note that the composite signals have the same variance as the signals for the two base assets



Equilibrium prices are arrived at through market clearing. Once the synthetic asset prices are discovered, it

is straightforward to invert equation 1 to find the original stock prices .

3.4

Timing

. The principal and manager agree on a contract and publicly announce it. The manager exerts effort.

Investors make a rational inference about e given the contract. Denote this belief ej.

Investors trade based upon their information sets, the managers’ contracts, and their type (active or

indexed). Equilibrium prices are generated.

. The manager of each firm k receives wage wy.

Gross payoffs zj, are realized.

Note that this timeline has the manager being paid before payoffs are realized. Thus, the manager’s contract

cannot depend on the actual realization of payoffs. Rather, it must depend on stock prices, a noisy signal for

payoffs. One can interpret the manager being paid before xj is realized as the firm borrowing amount wy at

the risk-free rate once equilibrium prices are realized.

3.5

Definition of Equilibrium

An equilibrium in this model is a variation on the standard noisy rational expectations equilibrium.

I conjecture an equilibrium price function for each risky asset.

. Given the conjectured prices, the principal and agent find the optimal moral hazard contract.

Given the conjectured prices, managerial contracts, their information, and their type, each trader selects

their optimal portfolio.

. Given asset demands, the financial market clears and the resulting price matches the form of the initial

conjecture.

10



4 Model Solutions

4.1 Financial Market Equilibrium

I make the following conjectures for the prices:

P, =A+Bx1+Cxy+ Dz + Ezo (2)

Py = Ay + Bro+Cx1+ D2y + Ezq

Traders also form correct in equilibrium beliefs about the effort chosen by the managers given contracts w; and
wa. Denote these beliefs as e} and e3. These conjectures imply that all traders have common prior beliefs about
the payoffs of the assets. I allow the constant terms to be different because they depend on the equilibrium

effort conjectures.

We now must confirm that equilibrium prices will indeed be of the conjectured form. As discussed in Section
3, it will be convenient to change basis and find the prices of two synthetic assets: an index and a long-short
asset. I will then use the law of one price to find the prices of the original assets. As a reminder, I define the

synthetic prices as

Py Py 1 (1 1
—T with T = —

(3)
Prs P, V2|1

All other transformed variables are defined similarly: variables with subscript IN are for the index asset and
variables with subscript LS are for the long-short asset. I conjecture that the prices of the synthetic assets will

be linear in their own payoffs and noise demands.

Py =Ain + Binzivy + Crivzin (4)

Prs=Ars+ Brsxzrs + Crszrs

This conjecture implies that the original prices are of the form specified in equation 2.

Because the two synthetic assets have zero covariance, traders do not need to include information about the

long-short asset in their demand for the index asset and vice-versa. Trader i’s demand for the index asset will

11



then be:

E(xin|siin, PIN) —win — Pin
Var(zin|siin, Pin)

D(i,IN) =
=ejn + SianTe + PInNT: (N + prnzin) — (L4 Te + pinT:) (win + Pry)

where pry = g; X and e7y is the traders’ correct in equilibrium belief about the mean payoff of the index.

Notice that the wage is a constant to traders because they are conditioning on the price and know all the
contract parameters. Demand for the long-short asset is defined similarly. Market clearing for each asset then

requires:

vt . 2
/OD(’L7IN)dZ+Z[N—\ﬁ (6)

A
/ D(i,LS)di + z15 = 0 (7)
0

Index asset demand from the rational traders integrates from zero to one because both active and index investors
trade it. Long-short asset demand integrates to A because only active traders trade it. The supply of each
synthetic asset comes from:
2
T =" (8)
1 0
I can then verify that synthetic prices are of the form conjectured in equation 4. I then pre-multiply the synthetic
price vector by T~ to confirm my conjecture from equation 2. Importantly, the price coefficients are functions
of the contract parameters (I1,la, m1,m9,n1,n2), so I will denote the coefficients as, for example, B(l,m,n) to

emphasize this fact.

4.2 Normalization of Prices

Contracts impact prices in two ways: directly through effort’s effect on the mean payoff and indirectly
through the price coefficients. It will be convenient to follow Holmstrom and Tirole (1993) and normalize the
prices found in the previous section so that they only depend on the direct effect of contracting. Focusing on the
direct effect highlights the key economic forces in my model and allows for sharper conclusions. I will discuss
results for the original prices in Section 4.4, but as a preview, the signs on the optimal contract parameters are

unchanged by this normalization.

12



From the prices (P;, P;) and contracting parameters (I1,ls, m1,ma,n1,n2), we can create the following

normalized prices:

Pi=0+m)P +mP+1

P2:(1+m2)P2+n2P2+l2 (9)

Observe that the normalized prices are constructed from public information and equal the asset prices that
would exist in an economy without the contracting problem (taking the mean payoff e} as given). As a result,
this normalization allows us to separate the financial market and contracting problem, so the principal can take

prices as given when choosing a contract. The details about these normalized prices are given below.

p1 = A~1 +Bl‘1 -l—él‘g —l—[)Zl +E22

t

14~2 + B,IQ + é’xl + DZQ + EZl with

2

A = el —2 +e5 n el — e
(7247 +1)2 (o N12+7.+1)2
- el —2 +e5 e] — e
- (o1l +7+1)2 B (T M1+ 71 4+1)2
B T, T2 + Te N1+ T
(o124 7.+1)2 (e N72+71.+1)2
G To T2 + Te - N7+ T
(a1 +7e+1)2 (A7 +7.+1)2
b TeT, + 1 n TeT: A2+ 1
(124717 +1)2 AT A12+71.+1)2
B TeT.+1 B TeT: A2+ 1

(1247 +1)2 AN Arl2+71+1)2

It can be shown that B, C~’7 and D > 0 and E < 0. The signs of B and D are straightforward. When there
is positive cash flow news or positive noise demand for firm 1, its stock price increases. The signs of Cand E
are consequences of indexing. Suppose firm 1 has a large realization of x1, so index investors receive a positive
signal about the index asset. They suspect that x;ny = % is large, but don’t know which firm is the driving
force. As a result, they buy more of both firms through the index. Therefore, a large realization of x; leads to
greater index demand, which increases firm 2’s stock price. Similarly, suppose there is a lot of noise demand
for stock 1. Index investors see the price of the index go up without receiving any good news about the index’s

cash flows. Thus, they buy less of both stocks in the index, which drives down firm 2’s stock price.

It can be shown that contracting on performance measures Py, P, is equivalent to contracting on P;, P, with

13



the correct adjustments. Define the normalized contract for firm 1 as w; = I + iy P + 171 Py with

~ ll+llm2712n1

M=
! my+meo+mpmg —ning +1
i — mi + mypmg — Np N2
! m1+m2+m1m27n1n2+1
n
ny = - (10)

mi+mo+mimes —ning +1

The compensation for manager 2 is defined similarly (just swap all the 1’s and 2’s). Notice that there are
no strategic interactions between the two principals because the normalized market prices are independent of
both contracts; all the interactions seen in the original contracts come from undoing the normalization. Both
principals take the performance measures P; and P as given when deciding on the contracting weights (except

through the total amount of effort incentivized).

4.3 Contracts
4.3.1 Normalized Performance Measures

The principal’s problem with the normalized performance measures is:

“max E(xp —wg) (11)
Ui, M
1, 1
s.t. BE(wg) — 3¢k~ iVar(wk) >0 (IR)
1 1
e € argmax F(wy) — 56% - §Var(wk) (IC)

€k

Taking the manager’s first-order condition in constraint /C and solving gives us the following optimal effort:
e} = myB + 11;,C (12)

Optimal effort equals the weight the contract puts on the manager’s stock price times the sensitivity of his stock
price to his effort plus the weight the contract puts on the other firm’s stock price times the sensitivity of the
other stock price to his effort. Note the positive incentive effect of putting a positive weight on the other firm’s
stock price. We know that C' > 0, so greater effort by manager 1 boosts the stock price of firm 2 through C.
Thus, setting 773 > 0 generates more effort, all else equal. With this choice of effort, we can plug back into the

optimization problem. Specifically, we can take e; and insert it into the objective function and IR constraint.

14



We then bind the IR and substitute into the objective function. The principal’s new problem is

1 .2
max ey — e —
Mg,k 2

((m,ﬁ +1i2)Var(P) + 2 Cov( Py, 152)) (13)

N | =

where Var(ﬁ) = Var(ﬁ’l) = Var(P,) and does not depend on Iy, 113, or 7}, Solving this maximization problem

then gives us:

mp* =T« (BV&T(P) — CCov(Py, ]52)) >0 (14)
n =1 * (C’Var(p) — éCov(ﬁl, f’g)) (15)
with I' = ! >0

Var(BP, — CPy) + Var(P)? — Cov(Py, P,)?

Note that these contract parameters will be the same for both firms, which implies that e] = e5. Thus, the
equilibrium asset prices will have identical constant terms (i.e., A = Ay = fl) Also, l~k* will be the value that

binds the agent’s participation constraint given mi*, i} *.

Even before plugging in, we can tell that m;* will be non-negative because B > C and Var(]B) >
Cov(ﬁl,f’g). This result is intuitive: the manager’s own stock price is increasing in his effort, so putting a

positive weight on m is good for incentives.

The sign of 7 is unclear at this stage, so we will need to plug in the price coefficients. However, we can say

that n will be positive if and only if the following condition is met:

Q > CO'U(P~1,P2)

Lemma 3 The optimal choice of i will be greater than or equal to zero if and only if 5 Var(P)

Lemma 3 is a direct application of the condition a > £ (i.e., Lemma 2) from the toy model in Section 2

I o Cov(Py,Py)
with % representing o and Var(P)

representing §. There are two reasons to tie the manager’s wage to the
other stock price: it provides additional evidence of the manager’s effort (effort sensitivity effect) and it can

be used to eliminate noise from the manager’s wage (hedging effect). In my model, the effort sensitivity effect

Cov(]sl,lsg)

Var®) - The effort sensitivity effect measures how efficient (in

is captured by % and the hedging effect by
terms of price responsiveness) it is to incentivize effort via the other firm’s stock price relative to the manager’s
own stock price. The hedging effect measures how providing these incentives affects the manager’s risk. If C

is large relative to B, it will be efficient to incentivize effort by putting more weight on the other firm’s stock

price rather than just on the manager’s own stock price because it provides additional evidence of managerial
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effort. Additionally, suppose C’ov(ﬁl, Pg) > 0. Then a larger covariance induces the principal to lower 7 (and
potentially make it negative) in order to hedge out common sources of noise in the manager’s pay. The reverse
will be true if the covariance is negative. If Var(p) is large, then the principal will rely less on the other stock
for any level of covariance because tying the manager’s compensation to another volatile stock will increase his

risk. After plugging in for all the relevant expressions, I get the following result.

Proposition 1 When there are index investors (i.e., X # 1), in* > 0. When there are only active investors,

n* =0.

4.3.2 Intuition for Optimal Contract

Proposition 1 claims that the effort sensitivity effect always dominates the hedging effect. The two effects
are working in the same direction when Cov(Py, Py) < 0, so the claim is only in doubt when the covariance is
positive. 6 The reason why the effort sensitivity effect dominates when the covariance is positive is because

noise traders dilute the benefits of hedging.

To see this result, note that the hedging effect depends on both the covariance and variance of the normalized

prices. I will address each of those terms in turn. The covariance can be expressed as:

Con(Py, Py) = 2+ <Bé + ZE ) (16)
Recall that B,C,D > 0 and E < 0. These signs us that the first term in the covariance is positive and the
second term is negative. The first term is the cash flow component of the covariance and it is increasing in the
fraction of index investors. The second term is the noise trader component of the covariance and it is decreasing
in the fraction of index investors. Thus, the two terms somewhat offset each other which prevents the covariance
from ever getting too positive. As a result, the benefits of hedging are capped at a relatively low value. On
the other hand, the variance is strictly increasing in the fraction of index investors. This result is due to noise

traders playing a greater role in determining relative prices when there are fewer active traders.

This result can be seen in Figure 1 7. The covariance equals 0 when there are only active investors, and

1

D

Tz

then starts to slowly increase. However, the noise trader component (=) keeps it from ever getting too big.

6Whether the covariance is positive or negative depends on the parameters in my model - both can be achieved
7This example sets 7e = 2, and 7, = 6
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Figure 1: Normalized Price Covariance and Variance
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We can also see the variance increasing with the fraction of index investors. Putting these effects together, we

see that noise traders prevent the benefits of hedging from ever getting too large.

Thus, the increased prominence of noise traders dilutes the benefits of hedging which allows the effort sen-

sitivity effect, which is strictly increasing in the fraction of index investors, to dominate.

We can see the effort sensitivity effect increasing with the fraction of index investors by looking at a graph

of the price coefficients in Figure 2. We see that as the fraction of index investors increases, B decreases while

C increases. As a result, the ratio &

5 is increasing in the fraction of index investors. Intuitively, with more

indexers, prices should reflect the firm’s own cash flow less and the cash flow of the other firm more. We can
also see that D heads to infinity as and E heads to negative infinity as the fraction of indexers increases. This
result follows from the fact that when the fraction of active traders approaches zero, there is no one to correct
the “mispricing” generated by the noise traders. Thus, to make the market clear, equilibrium prices become
extremely sensitive to noise demand in order to induce the remaining active traders to take on large opposite

positions. It is these effects that cause the covariance and variance to head to negative and positive infinity

respectively as the fraction of index investors approaches one in Figure 1.
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Figure 2: Normalized Price Coefficients
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Putting all this together, we can see the effort sensitivity effect always being above the hedging effect in
Figure 3. Lastly, we can see the optimal normalized contracting coefficients in Figure 4. When there are only
index investors, we put equal weight on both the firm’s own price and the other firm’s price. This is because
when there are only index investors, the market is unable to distinguish the two firms in any way. Then as more
active traders appear, contract start putting a larger weight on the firm’s own price and a lower weight on the
other firm’s price because of the changes in how the manager’s effort is reflected in financial markets.

I can also derive the following analytical results whose empirical implications will be discussed in Section 8:

Proposition 2 Additional analytical results:

o (Coefficients B,é’,b >0 and E <0

n* > 0 and is increasing in the fraction of index investors.

m* > 0. Can be increasing or decreasing in the fraction of index investors.

Wage covariance is positive and increasing in the fraction of index investors.

Effort is positive and is decreasing in the fraction of index investors.

Principal’s profits are positive and decreasing in the fraction of index investors.
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Figure 3: Effort Sensitivity and Hedging Effects
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The first two points have been discussed at length. The third point regarding the comparative statics of m with
respect to A merits more discussion. Most of the time, m is increasing in the fraction of active investors because
with more active traders, the firm’s own stock price better reflects managerial effort. However, price variance
can also increase with the amount of active traders under certain parameters due to the magnitude of B; notice
how much larger the magnitude of B is compared to the other price coefficients when the fraction of index
investors is low in Figure 2. Thus, a slightly lower level of m can be optimal for high levels of active investors
because stocks are riskier. Nevertheless, I wish to emphasize that under most parameters, m is decreasing in

the fraction of index investors.

Increased wage covariance is a direct consequence of firms more closely tying their manager’s wage to the
stock performance of the other firms. The final two points are a result of price efficiency decreasing with the
amount of index investors in my model. With more index investors, the manager’s effort is reflected less in his
own price, more in the other firm’s price, and less overall. Thus, some information is “lost” with more index

investors, which hurts incentives and profits.
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Figure 4: Normalized Contracting Parameters
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4.4 Original Performance Measures

We now want to map m,n back into the original wage. Inverting the mappings given by equation 10 gives

us the following characterization of m,n in terms of m, n.

22 o =2
. e o M= —n
mi=my =M= e (17)
ni=njy=n"= n (18)

T o2m—m2+n2—1

By undoing the normalization, we get the following proposition.

Proposition 3 Optimal contract parameters based on the original prices have the same sign as those based on

the normalized prices.

The intuition for the original contract is largely the same as for the normalized contract.

We can also rewrite the price coefficients as functions of the normalized price coefficients and the normalized
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contract parameters.

B=B—-mB -l
C=C-mC—-nB
D =D —mD —#E
E=F —mE —naD (19)

The price coefficients can be interpreted as the sum of the following three components. I'll use B as an

example, but the rest of the coeflicients follow the same pattern.

1. The normalized price coefficient (B)

2. The reduction in dividends caused by placing incentives on the firm’s own stock price (—mB)

3. The reduction in dividends caused by placing incentives on the other firm’s stock price (—nC')

How does a marginal increase in firm 1’s cash flow affect P;? First, there is the basic effect of higher cash
flows leading to higher dividends. This positive effect is captured by B and measures how sensitive the price
is to dividends in a world without the contracting problem. Second, because higher cash flows means higher
prices, dividends are reduced because the manager is paid more. The manager’s compensation is related to
his firm’s cash flow through B + C7i. This term negatively affects dividends. Therefore, higher cash flows
have both positive and negative effects on the stock price, but in the end B > 0 so the positives outweigh the
negatives. This result does not necessarily follow for C, however, because the positive cash flow effect of C is
relatively small and the negative cash flow effect of mC + AiB is large. Thus, C' can be positive or negative
depending on the parameters. Nevertheless, this outcome does not overturn my result about the effort sensitivity
effect dominating the hedging effect in the most empirically relevant cases because of the links between C' and

Cov(Py, P). The covariance between the two original prices is

Cov(Py, Py) = 2+ <BO+ DE) (20)

Tz

We also still have D > 0 and E < 0, so a necessary condition for a positive covariance given the other
parameters is C' > 0. Thus, if we focus on parameters that generate a positive covariance, the effort sensitivity
still dominates the hedging effect because n* is guaranteed to be positive by Proposition 3. This is admittedly a
less universal result than with the normalized contracts, but the parameters that generate a positive covariance

are the most relevant ones because there is widespread consensus in the empirical literature that indexing
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increases the correlation between stocks in the same index (e.g., Barberis et. al (2005) for S&P 500 index funds

and Da and Shive (2017) for ETFs).

5 N Firms

It is tempting to think that the preeminence of the effort sensitivity effect is a consequence of there only
being two firms. With two firms, good aggregate cash flow signals can only come from two places, so indexed
investors buy relatively large amounts of both firms. As a result, firm 1’s stock price will be fairly sensitive to
firm 2's cash flows. It stands to reason that with more firms, indexed demand will be spread out over more

assets. However, the effort sensitivity effect always dominates, even with an arbitrarily large number of firms.
Proposition 4 Both m*,n* > 0 for all number of firms N > 1.

The condition outlined in Lemma 3 is still decisive even with N firms. Although the sensitivity of firm 1's
stock price with respect to x5 declines as the number of firms increases, so does the covariance-variance ratio
and the sensitivity of firm 1’s stock price to its own cash flow. In the end, the effort sensitivity effect still
dominates. However, even though n* is always positive, its magnitude is decreasing in N; the optimal contract

puts less weight on each individual firm in the index, but that weight is always positive.

Despite the decrease in magnitude for each individual firm, it turns out that the combined contract weight
that is put on all other firms is increasing in N. Since all firms are ex-ante identical, the principal will put the
same weight n* on all other index firms in his contract. Therefore, the weight that is put on all other firms is

(N — 1)n*. My claim is then formally expressed in the following proposition:

Proposition 5 The combined weight that the optimal contract puts on all other index firms, (N — 1)n~*, 18

increasing in N.

The intuition for Proposition 5 comes from how the demands of the index investors are split between index
firms. Suppose the manager of firm 1 takes good action and increases his firm’s payoff. Index investors expect
higher index payoffs and buy more of all index firms. When there are N=2 firms in the index, this demand is
split between the two firms, so index investors essentially assign 50% of “the credit” for this signal to stock 1
and 50% to stock 2. When there are N=100 firms in the index, the demand is split among one hundred firms,
so index investors assign 1% of “the credit” to stock 1 and 99% to the remaining stocks. As a result, relatively

more of “the credit” is assigned to other firms in the index as N increases.
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We can also see this result by looking at the stock prices when there are N firms.

P, =A+ Bz + C’(l‘l + X1+ T+ ZN) + DZk + E(Zl + 2kt F Zpr1 +2N) (21)

Therefore, the sensitivity of a firm k’s stock price to its cash flow is B, while the combined sensitivity of all

other firms’ stock prices to firm k’s cash flow is (N — 1)C.

These terms will end up being:

B T.T2 + T n 1 T. T2+ T Nr, 72+ 7
T4 T+l N\mr247+1 Nrr24T o+l
~ N -1 2 A2 2
(N=1)0 =~ (e e - e T (22)
T T2+ Te+1 A2+ 71.+1
2 2 2 ~ ~
Since TZ:ZZ:_I;TI > Aziz:}ﬁ:zﬁu, it is easy to see that B is decreasing in N while (N — 1)C is increasing in N.

That is, firm k’s stock price becomes less sensitive to its cash flow and combined sensitivities of all other firms’
stock prices become more sensitive to firm k’s cash flow as N increases. These results can be seen graphically in
Figure 5 below where the fraction of index investors is set at 16% to match the Investment Company Institute’s

2022 Factbook.

Figure 5: Single n and Combined (N — 1)7
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6 Modeling Index Investors

The theoretical literature has not yet reached a consensus about the best way to model the information
sets of index investors. Some papers (e.g. Bond and Garcia (2022)) let index investors condition their index
demand on both private information and equilibrium prices, while on the other extreme, Coles et. al (2022)
models index investors as only using prior information. The essential question for this line of research therefore
is: how passive are index investors? In my view, the minimum level of passivity that must be required for an
investor to be an index investor is that they must only trade stocks in some fixed proportion. That is, whatever
their information set, index investors only use their information to decide how to divide their portfolio between
a fixed index of risky assets and a risk-free asset. This condition appears consistent with virtually every paper
in the literature. The different modeling assumptions in this literature are also very dependent on which classic
model of financial markets they are extending. Indexing papers based on Grossman and Stiglitz (1980) tend
to assign index investors the role of the “uninformed” investors in that paper with the additional restriction
that they must only trade the index. On the other hand, models based on Grossman (1976), Hellwig (1980),
or Diamond and Verrecchia (1981) allow index investors to receive private signals. Thus, in a sense, the debate
about what is the best way to model index investors is similar to the older debate about which classic model
of financial markets is most useful. As all the above models provide useful insights into the price formation

process, it is a worthwhile endeavor to examine index investing under each of them.

Nevertheless, I wish to justify why I chose to model index investors as having private information both
intuitively and empirically. First, index investors in my model only receive private information about the cash
flows of the index while active investors receive private information about both index cash flows and relative
cash flows. Gathering private information on index cash flows can be thought of as focusing attention only
on broad economic developments rather than on individual firms. One can therefore view an index investor
in my model as someone who after deciding to become an indexer, does some research on the state of the
overall economy and arrives at some private conclusion. For example, a private view on the economy could be
shaped by an individual’s news choice, the performance of their employer, opinions of friends and relatives, etc.
This assumption seems like a plausible description of how index investors divide their wealth between an index
and a risk-free asset. The alternative of having indexers condition their demands only on public information
would lead to them all having identical demand for the index, which ignores the fact that investors tend to
have heterogenous views about where the market is going. For example, Giglio et. al (2021) analyze a survey

administered to Vanguard retail traders (an asset manager whose clients are known to favor passive funds) on
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their expectations for various macroeconomic and financial indicators. The authors demonstrate that there
exists substantial cross-sectional dispersion in investor beliefs about where the market or economy is heading
and that these beliefs get reflected in the investors’ portfolios. These results suggest that it is reasonable to

model indexers as having private information that gets reflected in their portfolio choice.

However, despite my preference for modeling index investors as having private information, I will now
examine what happens to my results if they do not. Suppose we model passive investors as having no private
information, but rationally incorporating the public information in the price. Their demand would then be:

E(z,|P) — P,

DG, 1) = Var(z,|P)

Shocks to firm 1 should still impact the price of firm 2 through the demands of index investors. Suppose firm
1 had a good realization of x7. Index investors will see a higher index price as a result, but not know whether
it is due to increased cash flows or increased noise demand. One can show that the net result will be reduced
demand for the index, which will lower the stock price of firm 2. Therefore, the stock price of firm 2 will still
reflect the effort of firm 1’s manager (albeit in the opposite direction), so the optimal contract will condition on
it. The magnitude and sign of n will almost certainly be different in this case, but it should still be non-zero; the
informativeness principle still applies. However, the optimal contract will have a different sign than before. Now
the effort sensitivity effect suggests placing a negative weight on the other firm’s stock price while the hedging
effect always implies a positive weight due to the covariance now being guaranteed to be negative. It turns out
that the hedging effect will dominate in this case because both terms of the covariance are now negative, which

makes the covariance more extreme and thus increases the benefits of hedging.

The above line of reasoning can be taken a step further. The minimum condition required for each firm’s
stock to reflect the fundamentals ® of both firms is passive investors not having perfectly inelastic demand
for the index asset. As long as their demand is price sensitive, each firm’s stock price will somewhat reflect
the fundamentals of the other firm through the changing demands of the index traders. Private information,
optimally incorporating all public information, or even downward sloping demand is not necessary, just that

index demand is price sensitive.

The “no private information” conclusions also lead to some results that go against the empirical evidence.

8By fundamentals I mean z and z.
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As T just mentioned, a model where index investors have no private information leads to a negative correlation
between the two stock prices, whereas nearly all empirical work on index investing finds that indexing leads
to a positive correlation (e.g., Barberis et. al (2005) for S&P 500 index funds and Da and Shive (2017) for
ETFs). A necessary condition for a positive correlation in my model is that index investors buy more of the
index following an increase in the index’s cash flow. Again, this condition fails in the model with no private
information because investors cannot tell index price increases caused by cash flows versus noise demand apart.
Providing index investors with a private signal about index cash flows can be enough to increase their demand
for the index following an increase in one firm’s cash flows. My results also do not depend on index investors
having the same aggregate signal quality as active investors. I only require that the indexers’ signals are not

too much worse.

7 Relationship to the Common Ownership Literature

A topic ignored in this paper is how the growth of index investing may change the principal’s objective
function. Index investors typically purchase an index through an index fund managed by a large asset manager
such as Vanguard or BlackRock. The common ownership literature examines how corporate governance changes
as these asset managers build increasingly large stakes in many firms due to increased index fund flows. One
common view is that these asset managers try to maximize the value of their entire portfolio, which may be
inconsistent with maximizing the value of each constituent firm. For example, individual firm value maximiza-
tion may lead to inefficiently aggressive competition between firms from the asset manager’s perspective. One
hypothesized way to prevent such things from happening is to rely less on relative performance evaluation for
managerial incentives or even to put a positive weight on a competing firm’s stock price (Gordon (1990) and

Aggarwal and Samwick (1999)).

My paper, therefore, offers a separate rationale for placing a positive weight on competitors’ stock prices: it

helps incentivize managerial effort. In my model, introducing a common principal who aims to maximize
E(1‘1 +To —wy — UJQ)

would not alter the optimal contracts because the z’s only depend on their own manager’s effort. I will now

provide a short extension where each manager’s effort has a direct impact on the other firm’s payoff. Define
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firm k’s new mean payoff as

€x = €k +ﬂej7 for k?] € {172}7k #] (23)

So now the mean of xzy, is €5, which is impacted by both manager k’s effort (through e) and manager j’s effort
(through e;). The parameter § signifies the degree to which each manager’s effort affects the other firm’s payoff.
My base model is therefore a specialized case with § = 0. A positive 8 describes a situation where the two
managers’ efforts complement each other. Perhaps this describes a case with a manufacturer and a retailer. If
the manufacturer makes higher quality products and the retailer becomes more effective at sales, both firms
benefit. A negative 8 can be interpreted as a situation where the two firms are rivals competing for the same
market share.

This modeling change only affects the equilibrium asset prices (]51, 152) through changed mean payoffs. Im-
portantly, price coefficients B , C , D, and E are unchanged because they only depend on exogenous parameters

(7e, 72, and \). Consequently, the variances and covariances of the prices are also unchanged.

Given the unchanged asset prices, we can jump directly to the contracting problem.

7.1 Single Principal

A single principal maximizing his own firm’s expected dividends solves:

“max E(zp —wy) (24)
L Mk, 1k
1, 1
s.t. E(wy) — §ek — iVar(wk) >0 (IR)
1 1
e € argmax E(wy) — iei - iVar(wk) (IC)
€k

where now:

E(zk) = ek + Pe;
E(wy) = E(ly, + miy Py, + rix P))

= Ii, + mp(A+ Blex + Be;) + Clej + Ber)) + 1ix(boj + Blej + Ber) + Clex + Be;)) (25)
Manager k’s optimal choice of effort is then

e; = mp(B+ BC) + 1 (C + BB) (26)
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The manager’s effort is now reflected in two additional places relative to the base model: through the z; terms
in both his own and the other firm’s stock prices. Holding the contract fixed with m,n > 0, a positive £ induces
more effort from the manager because his effort is more strongly reflected in the stock market. Conversely, a
negative [ generates less effort because effort lowers the payoff and expected stock price of the other firm. The

signs of the contracting parameters are described by a condition analogous to Lemma 3:

B+BC > Cov(Py,P5)

Proposition 6 The optimal choice of m will be greater than or equal to zero if and only if

C+BB = Var(P)
The optimal choice of n will be greater than or equal to zero if and only if gigg > C(;’C(Lf(llgl))Q).

Proof: Solution method is identical to Lemma 3. The only change is that the sensitivity of firm 2’s stock price
to manager 1’s effort is now represented by C + BB rather than C and similarly for the sensitivity of firm 1’s

stock price to manager 1’s effort (i.e., B + BC rather than B)

The hedging effect is the same as before, but now the effort sensitivity effect takes into account how ef-
fort affects the other firm’s cash flows. I assume throughout that the exogenous parameters are such that

Cov(ﬁl, 152) > 0 because that is the most empirically relevant case.

Suppose 8 > 0; then both /M and 7 remain positive. In fact, the effort sensitivity effect is even stronger

than in the base case with S = 0. This result follows because a positive § increases the effort sensitivity of the
C+BB
B+BC

other firm’s stock price more than the firm’s own stock price; mathematically, > % because # > 0 and
B > C > 0. Intuitively, because stock prices are more sensitive to their own cash flow than the other firm’s
cash flow (i.e., B> C’), the impact that effort has on the other firm’s cash flow through 3 is more salient in the

other firm’s stock price than the firm’s own.

The results are less clear cut when 3 < 0. I assume that 8 € (—%;,O) because if it were more negative,
the manager’s effort would be so destructive for the other firm that an increase would actually reduce his own
expected stock price, which seems unrealistic. If 5 € (—%;, —%), n will trivially be negative because both the
effort sensitivity and hedging effects call for a negative sign. The effort sensitivity effect wants a negative sign

in this region because effort reduces the expected stock price of the other firm and the hedging effect also wants

a negative sign because the correlation between the two stock prices is positive. One can then show that if

e Cuvar(P)—BCov(P;,P5) S . . . Cuvar(P)—BCov(Py,P;) ~ . o
B e ( B C’Cov(ﬁl,lsg)—é'uur(f))>7 7 will also be negative and if 5 € (C’Cov(ﬁl,lsz)—évar(ls) , 0), n will be positive.
Basically, for a fixed hedging effect, a lower 8 makes a negative 7 increasingly optimal as the manager’s effort

is reflected less positively in the other firm’s stock price.

28



7.2 Common Owner

A common owner who maximizes joint dividends solves:

max E(zq + 2 — w1 — w2) (27)
i,
1, 1
s.t. E(wg) — 26k~ §Var(wk) >0 for k € {1,2} (IR)
e, € argmax F(wy) — %eﬁ - %Var(wk) for k € {1,2} (IC)
€k

Each manager’s optimal effort choice is still described by equation 26. The only substantive difference between
the common owner and single principal problems is that the common owner takes into account how each
manager’s effort impacts the other firm’s payoff in the E(x1 4 z2) portion of his objective function. Thus, when
deciding on manager 1’s contract, the common owner considers (1 4 8)e; as opposed to just e} in his objective
function. Let ms and 775 be the optimal contract for the single principal (as solved for in Section 7.1) and i,

and 7. be the optimal common owner contract. It turns out that there is a simple relation between the two:

Proposition 7 The optimal common owner contract parameters are the optimal single owner contract param-

eters multiplied by 1+ 5. That is, m. = (1 4+ B8)ms and . = (1 + B)me.

Thus, for g > —1, the common owner simply scales the single owner contract up or down without changing
the sign. A positive 8 means that each manager’s effort generates a positive externality for the other firm that
the single owner does not care about. The common owner wants to take advantage of this positive external-
ity and thus makes each contract more performance sensitive in the positive direction. The opposite happens
when 8 € (—1,0). Each manager’s effort generates a negative externality for the other firm so the common
owner makes the optimal contract less performance sensitive, but still with the same sign. In the extreme case
where 8 < —1, the negative externality is so severe that it outweighs the positive effect that the manager’s ef-

fort has on his own firm’s performance and the common owner flips the signs on the optimal contract parameters.

In sum, all common ownership does in the realistic case where 8 € (—1,1) is change the magnitude of the
single owner contract without altering the sign. Common ownership is therefore not the driving force behind
a positive sign on the other firm’s stock price in the optimal contract; rather, the key is still the relative sizes
of the effort sensitivity and the hedging effects. Thus, the results of my paper caution against interpreting
the presence of a positive association between managerial compensation and the stock performance of peers as

evidence of anti-competitive activities. Such a result can also be generated by a model in which each firm is a
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strict profit maximizer that wants to incentivize more managerial effort.

Plots of the optimal m and n for the single and common owner as a function of 3 can be seen below. In
these plots, the fraction of index investors is set at 16% to match the Investment Company Institute’s 2022
Factbook. In Figure 6, we see that the optimal m is positive everywhere, but the common owner sets it higher
when [ > 0 and lower when 8 < 0. The optimal n can be positive or negative depending on 3, but the sign on

the common owner’s contract is always the same as the single owner’s.

Figure 6: Single and Common Owner m
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8 Empirical Implications

A few recent empirical papers (Jochem et al. (2021) and Cabezon (2021)) note that CEO pay has become
more uniform over time. In particular, Jochem et al. (2021) claims that increased reciprocal benchmarking is
the primary cause of this trend and that reciprocal benchmarking is in turn driven by the growth of passive
investing. This result is consistent with my model. However, their rationale for why passive investing increases
benchmarking is that passive investors are more likely to rely on proxy advisors — who carefully analyze pay
relative to peers — for voting recommendations. My paper suggests an additional channel for this phenomenon:

index investing causes stocks in the same index to reflect the effort of all managers in the index, so linking a
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Figure 7: Single and Common Owner 7
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manager’s compensation to the performance of other stocks in the same index is good for incentives. In other
words, there are two ways through which index investing can make contracts more similar: (1) the governance
channel identified by Jochem et al. (2021) and (2) the asset pricing channel implied by my model. Which

channel is more important is an interesting empirical question that has not yet been addressed.

A second empirical implication concerns my main result that a firm should place a positive weight on the
stock performance of other firms in the same index. There is some evidence for this result, but the proposed
mechanism is common ownership rather than changes in equilibrium asset prices. Anton et al. (2016) and
Liang (2016) find that higher levels of common ownership are associated with greater sensitivity of managerial
pay to the performance of industry peers. However, the growth of common ownership is in large part driven
by the increased popularity of index investing because most index investors invest through a handful of asset
managers. Additionally, Anton et al. (2022) finds that increases in common ownership are associated with a
decline in the performance sensitivity of managerial pay, which is also consistent with my model. In other words,
the decline in pay sensitivity to the firm’s performance and the increase in pay sensitivity to peer performance
is consistent with both frameworks. Future papers can examine the relative importance of each view for the
observed results by integrating a more realistic financial market in models of common ownership. I should also

mention that Kwon (2016) finds the opposite result: increases in common ownership are associated with more
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relative performance pay, so the empirical evidence is not unanimous.

9 Conclusion

I develop a joint model of financial markets with index investors and contracting with moral hazard to
examine how changes in the prevalence of indexing impact optimal managerial contracts. Index investors are
constrained to purchase all risky assets in the same proportion, so information that affects their demand for
the index is transmitted to all stocks in the index. For example, suppose firm 1 is in a stock index and its
manager takes a value-enhancing action. Index investors expect higher index payoffs and purchase more of the
index. This trade distributes the index investors’ information about the manager’s effort to all stocks in the
index. Thus, the prices of other index firms are positively related to and contain unique information about
the manager of firm 1’s effort. The synchronized demand of index investors is what makes it optimal for the

principal of each firm to tie their manager’s compensation to the performance of other index firms.

Under some mild assumptions, the principal will always put a positive contract weight on other index firms’
stocks. There are two (possibly conflicting) reasons to condition the manager’s compensation on the other
firms’ stocks: (1) to increase the effort sensitivity of the manager’s pay and (2) to hedge out the manager’s
risks. The former reason is a consequence of the manager’s effort being reflected in other firms’ stocks. The
latter reason comes from the relative performance evaluation literature: the principal should make use of the
non-zero correlation between the stocks to reduce the manager’s exposure to common risks. I find that the
effort sensitivity channel always dominates the hedging channel because the increased volatility brought about

by indexers reduces the benefits of hedging.

I believe my results are most empirically relevant for smaller indexes with dominant companies. One good
example is an industry index. The CEO of an industry leader should have their compensation positively linked
to the performance of their industry’s stock index because their actions are likely to be strongly reflected in
that index’s performance. It seems unlikely that an S&P CEO would have a comparable impact on S&P 500
performance due to that index’s size. Section 5 shows that my results hold with an arbitrary number of firms,
but the efficiency losses from not following the optimal contract are quantitatively small for companies that
are a tiny percentage of their index’s total market capitalization. Additionally, individuals who trade industry

index funds or ETFs seem to be more likely to have good private information about the state of an industry
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than the typical S&P 500 investor does about the state of the aggregate market.

Stock prices are a useful tool for managerial compensation because they are an easy-to-access and high-
frequency performance measure. Thus, assuming prices are relatively efficient, they can be used to learn about
actions privately taken by a manager. However, financial markets are always evolving, so firms need to keep

track of how these changes impact the incentive schemes that they design for their manager.
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11 Appendix

Proof of Lemmas 1 and 2 Setting the first order condition for IC equal to 0 and solving for ey yields
€] =m +nja (28)

We can then bind the IR condition and plug it and e} into the objective function to get (after some simplifica-
tion):

ok 1 *2 }
max =ej—ge;” — 5 Var(w;) (29)

mi,n1

where Var(wy) = m2Var(Py) + n2Var(P,) + 2Cov(Py, Py) = 2m3 + 2n3 + 2myni p.
We can then set the two first-order conditions with respect to m; and n; equal to zero to get a system of two

equations for my and ny. Solving gives us:

where I' = 2a? — 2ap — p? + 6 > 0. Clearly, m} is always positive given the restrictions on o and p. When
a = 0, we see that nj will have the opposite sign of p which proves Lemma 1. Additionally, whenever o > £

we are guaranteed to get n} > 0 which proves Lemma 2.

Proof of Lemma 3 Follows immediately from equation (15).

Proof of Proposition 1 Plug the relevant price coefficients into equation (15) and simplify. This gives us:

~ Te T (1 — )\2) (TZ Nrlirnrl T+ 1) (32)
ntT =
(TeTs N2+ 1) (Tem, + 1) (AN 1A 7,2 + 302721, + 3732 7, + 2)

Since A € [0, 1], it must be the case that n* > 0 when A < 1 and n* = 0 when \ = 1.
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Proof of Proposition 3 Apply the mapping characterized by equations (17) and (18) and simplify the result-

ing expressions. The expressions are too long to fit on this page, but m* is a ratio of two entirely positive terms

and n* is a ratio of two entirely positive terms multiplied by (1 — A?). Thus, they are both positive.

Proof of Proposition 4 Following the same procedure as with N = 2 firms, we get the following price

conjecture and resulting equilibrium coefficients:

,PN]C = b() + B[L‘k + é(l’l + X1+ Th41 + .Z‘N) + .DZk + E(Zl + .21+ Zk+1 + ZN)

B Te (Tem + 1) Te (7'6 T, A2+ 1) (N-1)
N (et 4+ 1e+72) N N1+ 71+ 72)
o nmtl)  n(mnAt]
N(r.72 +7e+7) N(2AN272 47 +72)
b TeT, + 1 (TSTZ/\2+1)(N—1)
N (o1l 4+Te+7) NAXTANT2+7+72)
B TeT, + 1 TeT, A2 41

N (T2 + 7+ 72) B NX(T, N212 41+ 1)

The manager’s choice of effort will then be

(33)

(34)

The above equation has the principal put the same weight on each of the other firms in the contract. Due to the

fact that each firm is ex-ante identical and independent, it is straightforward to prove that this result is optimal.

Then by binding the participation constraint and plugging into the objective, the principal’s problem becomes

1 1 N -1
I?za%{e’: - 56,’22 ~5 <(ﬁ12 + (N = Da)var +2 % (N — 1)mn + ( 5 >ﬁ2)00v>

where

B? 4+ (N —1)C? N D? + (N —1)E?

var =
Tz Tz
(N -2)C? +2BC (N —2)E? +2DE
cov = +
Tx Tz

(35)

(36)

We can then take the first order conditions and solve the resulting system of equations for n. For and N, we
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can see that the optimal contract weight will be

Te T2 Ty (1 — )\2) (TZ N2+l 4T+ ng)
(e 24 1) (e +1)T

771,:

(37)
withl = (NNt > + N A2+ (N - D2+ N P+ o+ N2 o + N 7°)

Proof of Proposition 5 Multiply equation (37) by N — 1 and take the partial derivitive of the resulting

expression with respect to V. It is straightforward to verify that every term in this partial derivative is positive.

Proof of Proposition 7 The manager’s optimal effort is the same as equation (26). Binding the IR constraint

and plugging into the common owner’s objective function gives us:

1 1 1 1
max (1 + fB)e} + (1 + B)es — 56’{2 — 5632 — §Var(w1) — §Var(w2) (38)

with ef = rﬁk(B + BC’) + ﬁk(é + 6B) Take the first-order conditions with respect to 1, ms, 11, and 175 to get

a pair of symmetric systems of equations: one for m; and 7y, and another for my and 75.

o Bl+Blﬁ—COVTL~1—BlBQﬁ1

mg

812 + var
- BQ+BQﬂ7COVTT~L1*B1B2’Iﬁ1
k= P}
Bs” + var
with B; = B+ 3C and By = C + 3B (39)

Solving then gives us answers analogous to (14) and (15) with B; in place of B and B, in place of C and the

entire thing multiplied by (1 + 8). This is equivalently, the single owner solution multiplied by (1 + 3).

12 Appendix 2: Endogenous Fraction of Index Investors

To endogenize the fraction of index investors, I will include a cost of being active ¢ > 0 to my model. This
cost can be thought of as the extra trading, information gathering, or information processing costs of dealing
with multiple assets rather than just the index. Each investor must be indifferent between being an indexer
and active ex-ante in order to have a positive fraction of both index and active traders (A € (0,1)). Define the
ex-ante (T=2 in the timeline) expected utilities of being an active and passive investor as E(U,) and E(Up)
respectively. To avoid complications with correlated prices, I will stick to using the synthetic assets in this

analysis. My proof is similar to Theorem 3 in Grossman and Stiglitz (1980) and can be viewed as a special case
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of Proposition 3.1 in Admati and Pfleiderer (1987).

Proposition 8 The expected utilities of active and passive traders can be expressed as:

ar(#; — P13, P ar(zs — Py§, P i — Py)? Ty — P)?
E(Ua)\/v( P'P)\/V< il P>exp<<woc> PR B P>>

V(l?’(fl - pl) VGT(.’fQ - pg) a 2Var(f1 - pl) B QVQT(fQ - pz)
(40)
__|Var(@ - P13, P) T ol Py)?
E(Up) B \/ Var(afl — ]31) P ( WO QVGT(fl — pl)) (41)

Proof of Proposition 8 First, let’s write down the expected utility of an active agent at the trading stage.

B, P) = —exp (a(wo o (B P) - (Blls P) - P2>2>

o2Var (i3, P) 2V ar (|5, P)

We will now integrate over § and use the fact that (Z, €, 2) are all independent to get:

R —(E(#1|5,P) = P1)?\ | - —(E(#2|5,P) — P»)?\ | -
B(U|P) = — explawo — ) [exp ( ZEEUS DI = PUTY o) g (o) (ZE@IS P = P75 4y
2Var(41|3, P) 2Var(2s|8, P)
Now define
YkE E({Ek—Pk|S:P) . (44)
VVar(E@, — s, P))
Note that Y}, is a normal random variable with variance 1. Also define:
E(#, — P|3, P
,_ Var(B( — Fils,P)) )
2E(Var(£y — Pyl$, P))
Then observe that
_ sl P)— P2 . .
E(exp (2GS = BTN 5} pexp(—iv2)|P) (46)
2Var (4|3, P)

Because Y}, is normal with variance 1, ;2 is a non-central chi square random variable. The above equation then

defines the moment generating function, which any statistics text can tell you equals:

Blesp(—11})|P) = <=z exp (‘Efﬂf ) t) (47)
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Following this process for both k£ = 1,2 and plugging into equation 48 gives us:

. b — Py|3, P Y — Pyl5, P E(#) — Py|P)? E(£y — Py|P)?
B(U|P) = — VCW‘(l“lA 13, P) Va?“(ﬂsz 23, )eXp Ca(Wo—¢) — (a1 - 11P)° B = BIP)®
Var(sy — Py|P) Var(iy — P2|P) 2Var(dy — P1|P)  2Var(ds — P2|P)
(48)
Now we want to integrate out prices, so follow basically the same process as before and the result is equation

(37) for the ex-ante expected utility of the active agent. The proof is identical for the passive agent except they

do not trade synthetic asset 2. These results are of the form given in Admati and Pfleiderer (1987).

Corollary 1 The ratio of expected utilities is

_EBU,) _ |Var(az — Py|3, P) oo (e E(£y — Py)?
A()\) - B \/ V(LT(ifQ - pz) P ( 2Var(a€2 - p2)> (49)

Proof of Corollary 1 Follows immediately from dividing equation (37) by equation (38).

It will be helpful to note the following lemma.
Lemma 4 A()\) is an increasing function of A

Proof of Lemma 4 Note that E (s, — Py) = 0 because synthetic asset 2 is defined as the long short asset. Thus,
its expected payoff and supply are both 0, making its expected return 0. So the only term in A()\) involving A

is

5y 50
Var(ady — Ps) At +202 N T T, + T 02 N2 T, + M T2 7,2 (50)

\/Var(afg — By|5, P) N1 (0 T+ 102 + 7. N2 72)
It is straightforward to confirm that the RHS of equation 54 is increasing in A by taking the partial derivative
with respect to .
That is, active traders become relatively worse off as the fraction of active traders increases. This result
should be intuitive: relative prices become more efficient as the number of active traders increases, so there are
less profits to be made from trading synthetic asset 2. Also, recall that utilities are negative in this model, so

A(X) < 1(> 1) means active traders are better (worse) off. Then, similar to Grossman and Stiglitz (1980), I can

define different types of financial market equilibrium:

Theorem 1 If A € (0,1) and A(X\) = 1, then we have the interior equilibrium described in Section 6. If A =1
and A(1) < 1, then we have the no-indexing equilibrium described in Section 5. There is no equilibrium where

everyone is an index investor. All equilibrium are unique.
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The proof follows from Lemma 1 and the fact that higher levels of A() indicate that active traders are worse
off. In general, the final sentence of the previous theorem would instead be: if A = 0 and A(1) > 1, then
we have an equilibrium where everyone is an index investor. However, when A = 0, it can be shown that
Var(éy — Py)~! = 0, so A(0) = 0 always. Correcting relative prices will become increasingly profitable as

approaches zero, making it optimal for someone to always be active.

Thus, the type of equilibrium is completely determined by A(1). If A(1) < 1, we have an equilibrium with only
active traders. If A(1) > 1, then we have an interior equilibrium with a positive fraction of both active and
passive investors. The equilibrium percentage of passive investors can then be manipulated by changing the
cost of active investing c. Therefore, we can essentially talk about A as if it is exogenous because changing the

exogenous ¢ amounts to changing the equilibrium A that results.
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