American Economic Review 2019, 109(7): 24462468
https://doi.org/10.1257/aer.20151310

Contractual Managerial Incentives with Stock Price
Feedback

By Tse-CHUN LIN, Q1 Liu, AND BO SUN¥

We study the effect of financial market frictions on managerial
compensation. We embed a market microstructure model into an
otherwise standard contracting framework, and analyze optimal
pay-for-performance when managers use information they learn from
the market in their investment decisions. In a less frictional market,
the improved information content of stock prices helps guide manage-
rial decisions and thereby necessitates lower-powered compensation.
Exploiting a randomized experiment, we document evidence that
pay-for-performance is lowered in response to reduced market fric-
tions. Firm investment also becomes more sensitive to stock prices
during the experiment, consistent with increased managerial learning
from the market. (JEL D83, G12, G14, G32, G34, M12, M52)

Managers may fail to maximize firm value either because the information they
possess is limited or because their incentives are misaligned. Economists often argue
that CEO compensation is designed to improve firm outcomes, and separately, that
financial markets convey information that is not otherwise available to corporate
managers.’ In this paper, we first develop a simple model in which information
production in financial markets reduces the need for explicit contractual incentives
for managers, and then document empirical evidence for this effect.

We analyze optimal pay-for-performance in a model in which manage-
rial decisions are endogenous to trading due to informational feedback from
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stock prices. Specifically, we embed a stylized market microstructure model into
an otherwise standard contracting model, and allow managers to learn and use
information contained in the stock price for their investment decisions. By switching
on and off the measure for stock market information, we nest the standard agency
model and make the mechanism transparent. To gauge the empirical relevance of
our theory, we exploit a randomized experiment that exogenously reduced market
frictions for treated firms and thereby helped reward information production in the
market. We find consistent evidence that financial market frictions play an important
role in shaping executive compensation, particularly through the managerial learn-
ing channel.

A key theoretical insight is that information production in the financial market
substitutes, in part, for incentive provision in managerial compensation contracts.
By aggregating the information of many market participants, the market can guide
managers in their decisions by conveying information that is not otherwise available
to them. Anticipating that managers are guided by the market, shareholders find it
less necessary to offer direct incentives in compensation.

In addition, an endogenous response of trading to executive pay can generate
an amplification mechanism: low-powered compensation leads to increased uncer-
tainty in firm value, which raises speculators’ expected return from private informa-
tion and thus encourages information production in the market. To take advantage of
this incentivizing effect, shareholders further lower incentive pay.

A new testable implication follows from these mechanisms: a reduction in market
frictions (i.e., anything that makes it easier for traders to profit from information)
enables stock prices to better guide managerial decisions by revealing useful
information, thereby rendering incentive compensation less necessary. We test
this implication using a natural experiment, the Regulation SHO (Reg SHO) Pilot
Program. The Reg SHO program removed short-sale restrictions for randomly
selected (pilot) firms from May 2005 to August 2007, and existing studies have
shown that this regulatory change effectively lowered trading frictions for pilot
firms.? We find confirming evidence that managerial incentives in compensation,
measured by scaled wealth-performance sensitivity (WPS), were significantly
reduced in pilot firms during the program.

Naturally, one would expect that the compensation response should be
concentrated in firms that made tangible changes in their compensation policy
during Reg SHO, as such changes might not be immediate for all firms. We build
a new dataset on CEO compensation contracts and find that our result is indeed
driven largely by the pilot firms that announced changes in their CEO compensa-
tion policy, providing reassuring evidence that the reduced managerial incentives
we document reflect firms’ deliberate contracting decisions.

As our mechanism builds on managerial learning, a first-order prediction
of our theory is that managers in pilot firms learn more information from the
market and use that in their real decisions, such as investment. We assess this
mechanism directly by examining whether Reg SHO affected investment-to-price
sensitivity, a measure of managerial learning. Value-maximizing managers should

2 See Alexander and Peterson (2008) and Diether, Lee, and Werner (2009) for example.
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use all information available at that point to make their investment decisions,
including both the information contained in stock prices and other information
that managers have but that has not been incorporated into the prices yet.
Investment will thus be more sensitive to stock prices when the price provides
more information that is otherwise unknown to managers. We find consistent
evidence that investment-to-price sensitivity increased significantly in pilot
firms during Reg SHO, indicating a managerial learning channel. Our finding of
greater investment-to-price sensitivity when market information increases is also
consistent with Chen, Goldstein, and Jiang (2007), despite using different data
and a different proxy for information content.

We also explore the role of an alternative mechanism: if stock volatility increased
during the experiment, pilot firms might respond by reducing the exposure of
compensation to share prices due to risk-sharing considerations. However, we find
no evidence of significant changes in stock volatility for pilot firms. While we cannot
rule out the alternative mechanism, the data patterns we document suggest that the
risk-sharing consideration may not be the primary channel driving the compensation
response to Reg SHO.

The literature broadly identifies two channels through which financial markets
may affect real decisions. First, managers learn new information from stock prices
and use this information to guide their real decisions, i.e., the feedback effect.
Second, although managers do not learn new information from market prices,
their incentives to take actions depend on the extent to which these actions will
be reflected in stock prices. The existing papers that study managerial incentives
in conjunction with stock markets focus on the second channel (for example,
Diamond and Verrecchia 1982, Holmstrom and Tirole 1993, and Jayaraman and
Milbourn 2012) and show a complementary relationship: shareholders increas-
ingly tie compensation to a firm’s stock price, as it better reflects managerial
performance. However, the literature on managerial pay largely ignores the first
channel that is at the heart of our analysis. Thus, our analysis provides a comple-
mentary view on the role of financial market conditions in structuring CEO pay,
and presents empirical evidence that substitution between incentive compensation
and information provision by the stock market can be an important consideration.

The next section outlines a contracting model with stock price feedback.
Section II solves the equilibrium and derives testable implications. Section III
presents our empirical findings, and Section IV concludes. The proofs are in the
Mathematical Appendix.

1. The Model

To derive the contracting implications of stock price feedback, we integrate a
market microstructure model into a contracting framework. Consider a one-period
economy with a firm whose stock is traded in the financial market. Shareholders
design a compensation contract, and based on the incentives in compensation,
the firm’s manager makes an investment that influences output and stock prices.
The critical departure from a standard contracting environment is that our model
includes a financial-market speculator whose information may be revealed in stock
prices and subsequently be used in the manager’s investment decision.
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Contract is Manager learns private  Speculator and Market maker Manager makes  Payoffs are
offered and info; speculator liquidity trader  sets price based an investment realized
observed by all produces info submit orders on total orders decision

The above timeline chronicles the sequence of events in the model. At the
beginning of the period, shareholders offer a compensation contract to the man-
ager, which is observed by all agents in the economy. The underlying economic
state, denoted by S, can be either good or bad, S € {g,b}, and the manager pri-
vately knows the probability that the state is good, denoted by p. Upon observing
the contract, a speculator decides how much information to produce, and he trades
in the market if he becomes informed about the state. A liquidity trader simulta-
neously submits his market order, which is unrelated to the state realization. The
market maker observes the total order flow and sets the stock price such that his
expected profit is zero. After observing the stock price, the manager subsequently
makes an investment. At the end of the period, the payoffs to all parties are real-
ized based on the state realization.

The key ingredient in our contracting model is the feedback from stock prices
to corporate investment. The speculator may have insights into the state realization
that the manager missed. The manager observes the share price and subsequently
uses this information to update his belief about the profitability of investment
opportunities. Note that the feedback effect is taken into account by shareholders
when designing the contract, by the speculator when producing information, and by
the market maker when setting the price.

Manager.—A risk-neutral manager is hired to operate the firm and make an
investment decision. The manager must choose one of two mutually exclusive
investment opportunities, I &, {Iy,I; }, Iy > I, where I and I; represent high and
low investment, respectively.? Investment of I; costs ;, and the investment payoff at
the end of the period is I;(1 + n) if the state is good (i.e., S = g) and I;(1 — n) if
the state is bad (i.e., S = b), where 0 < n < 1, fori € {H,L}. Thatis, with a
baseline firm value of V), the firm has a terminal value of V; + n/; in the good state
and V — nl; in the bad state, for i € {H,L}. The manager is privately informed
about the probability of a good state (p ). The probability p is a random variable, and
all the other agents only know that p is uniformly distributed on the interval [0, 1.

The manager’s utility is of the form U,,(w,I) = w + JI, where w represents
the manager’s compensation payment, and the second term represents his
empire-building motive: he derives private benefits from making investments,
which are proportional to the size of capital invested.” If the stock price reveals the
speculator’s information, the manager will rationally update his belief and choose

3We do not set I, to zero for ease of exposition related to investment-to-price sensitivity; in addition, this
specification allows /; to take negative values, capturing divestment.

“The expected value of p is 0.5, which implies that the ex ante probability of the good state is 0.5.

SPrivate benefits are not in terms of the consumption good and cannot be seized. It has been suggested by
many papers that managers engage in value-destroying empire building, e.g., Jensen (1986, 1993); Stulz (1990);
and Masulis, Wang, and Xie (2007). This assumption of empire-building managers has been widely used in the
theoretical literature, e.g., Harris and Raviv (1990), Hart and Moore (1995), and Eisfeldt and Rampini (2008).
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the corresponding optimal investment. Otherwise, the manager makes the investment
decision responding to incentives in compensation given his private information (p).
The manager’s reservation utility is normalized to zero, and the manager also has
limited liability, that is, his compensation cannot be negative.

Shareholders.—Risk-neutral shareholders design a compensation contract to
maximize the expected firm value net of managerial pay. For tractability, the contract
consists of (3 shares of stocks. The optimal contract contains zero base salary, which
is an immediate result of the manager’s zero reservation utility combined with the
non-negativity of compensation. The contract implements a target investment policy,
denoted by ¢ (corresponding to a threshold p above which Iy is chosen). We will
show later that there is a one-to-one correspondence between pay-for-performance
[ and target investment policy ¢g. As the compensation contract is observed by all
agents, the target investment policy ¢ is also known to all agents.

Traders and Market Maker.—There is a speculator who produces information
at a cost. In particular, the speculator can choose to observe the state with proba-
bility 6 at a quadratic cost C(#) = %AHZ. The more cost the speculator incurs, the
more likely he learns the state. With probability 6, the speculator perfectly observes
the state; with probability (1 — @), his costly effort results in no learning. Trading
in the market also incurs a fixed cost, denoted by c. A larger ¢ implies lower trading
profit for any given amount of information () the speculator produces. Thus, we
interpret a larger ¢ as representing a more frictional market that makes it more
difficult for the speculator to profit from information.

The speculator decides how much information () to optimally produce and
submits a market order, z; € {—1,0,1}, to maximize his trading profit.° The
liquidity trader simultaneously submits either a buy or sell order of size 1 with
equal probabilities: z, € {—1,1}. The market maker can only observe the total
order flow X = z, + z, but not its individual components. Possible order flows are
X € {-2,—1,0,1,2}. The market maker sets the price equal to the expected firm
value, based on available information, including information contained in the total
order flow and the incentives in the compensation contract: P = E[V|X, 3] (which
can also be expressed as E [V |X, ¢| because of a one-to-one correspondence between
(3 and g), where V denotes the end-of-period firm value. In particular, the total
order flow may contain information about the state realization when a speculator is
present./’

The Perfect Bayesian Equilibrium we study is defined as follows: (i) an information
production strategy and a trading strategy by the speculator, 7: {3} — {0, z,}, that
maximize his expected trading profit given the contract, the price-setting rule, and the
speculator’s information about the state; (ii) an investment strategy by the manager,
M : {3,p,P} — {I}, that maximizes his expected utility given the compensation
contract, his private knowledge about the state, and the information revealed in the

6Our model results carry through in a setup with limit orders, which can allow for higher trading profit for the
speculator.

7 As is standard in the feedback literature, trades are anonymous, and the speculator cannot credibly communicate
his private information to the manager outside the trading process.
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stock price; (iii) a price-setting strategy by the market maker, R : {X, 3} — {P},
that allows him to break even in expectation given the information in the total
market orders and the contract; and (iv) a compensation contract that includes a
payment structure by shareholders, {3}, that maximizes the expected firm value
net of compensation given the manager’s strategy, the speculator’s strategy, and the
price-setting rule. Moreover, (v) using Bayes’ rule, the market maker updates his
belief based on the total order flow, and the manager updates his belief based on
the price he observes in the market. Each player’s belief about the other players’
strategies is correct in equilibrium.

II. Equilibrium Contracting with Feedback

To characterize the equilibrium, we begin by taking compensation as given and
analyzing the manager’s investment decision as a response to incentives in the com-
pensation contract. Then, for a given contract, we study the speculator’s decision to
produce information and trade. After solving for the strategies of the manager and
the speculator, we endogenize the design of compensation, taking into account how
compensation affects both managerial investment and the speculator’s information
production.

A. Investment Policy Incentivized by Compensation

We begin by analyzing the investment policy incentivized by a given contract in
the case of no information production by the speculator; that is, 8 is exogenously
set to zero. Because the investment payoffs are symmetric about zero, the first-best
investment policy is to choose high investment if p > 1/2.% With the managerial
empire-building motive, it is straightforward to show that the investment policy
implemented by compensation has a threshold property. The manager chooses
high investment (/) if and only if p is at least as large as a threshold, denoted
by g.” For a given investment policy with a threshold g, the expected firm value,
denoted by V(q), is derived as follows: V(q) = Vi + [/ I, [np + (—n)(1 — p)]dp +

JH g Inp + (—n)(1 = p)ldp = Vo+ (Iy — I)n(q — ¢*).Itis clear that the first-best
investment policy is¢ = 1/2. With agency frictions, increasing ¢ (closer to the first
best) enhances firm value, but it also increases the compensation necessary to induce
g, resulting in a ¢ that is lower than the first-best level. As the manager never chooses
g > 1/2, wefocus on g < 1/2 throughout the paper.'”

For a given target investment policy with a threshold ¢ (i.e., high investment
is chosen if and only if p > ¢), we characterize the incentive-compatible
pay-for-performance below. There is a one-to-one correspondence between ([

8 The expected return from the investment is 7p — (1 —p) = n(2p — 1) > Owhenp > 1/2.

9 The investment policy has a threshold property in our model because the manager’s utility differential between
making high and low investments is strictly increasing in p.

19The incentive compatibility constraint is given by 3 = §/[(1 — 2¢)n], so ¢ > 1/2 is not implementable;
evenif g > 1/2is implementable, shareholders have no incentives to do so because inducing g above 1/2 reduces
both the expected investment payoff and information production in the market.
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and ¢: to implement a higher ¢ (and hence a lower likelihood of high investment)
that is closer to the first-best strategy, higher-powered compensation is required.

OBSERVATION 1 (Pay-for-Performance): For any given recommended investment
policy q (< 1/2), the incentive-compatible pay-for-performance is represented
by 8 = §/[(1 — 2q) n]. Managerial pay-for-performance is thus increasing in the
target investment policy (q).

It is worth noting that the monotonic relation between 3 and ¢ extends to the case
with stock price feedback (i.e., & > 0). As shown in Section IIB, our model features
are such that information revealed in the stock price affects only the manager’s
posterior belief about the state (i.e., Pr(S = g|p,P)) but not his incentives. That is,
given the compensation (3, the manager chooses high investment if and only if the
posterior belief of the good state Pr(S = g|p, P) is no less than g. The one-to-one
relationship between (3 and ¢ that is characterized in Observation 1 thus also holds
in the presence of feedback and is independent of information production () in our
model.

B. Information Production and Trading

Recall that the speculator produces information (6) at a cost C(0) = %A@z.
With probability 6, the speculator perfectly observes the state; with probability
(1 — 6), he fails to learn anything. If the speculator trades, there is a fixed cost, c.
If ¢ is sufficiently large, the speculator will not trade or produce any information,
and this case is thus irrelevant to our analysis. As long as c is not too large, there
is an equilibrium with information gathering and information-based trade, which
we focus on throughout our analysis.

OBSERVATION 2: Given the compensation contract, there exists a threshold
c¢* > 0 (independent of (3 and q) such that if ¢ < c*, there is an equilibrium
with information production and information-based trade. In this equilibrium, the
speculator will submit a buy (sell) order of size 1 if he observes that the state is good
(bad), and the speculator does not trade if he does not observe the state.

Following Kyle (1985), orders are submitted simultaneously to a market maker
who sets the price and absorbs the order flows out of his inventory. A critical
departure from Kyle (1985) is that firm value is endogenous in our model because
it depends on the manager’s investment, which is in turn based on information
revealed in the stock price. Information contained in total order flows is identical
to that in prices; thus, observing total order flows is equivalent to observing stock
prices.

We characterize the stock price and the speculator’s profits in each possible case
in the table below. If there are two buy (sell) orders in the market, everyone in
the economy understands that the speculator has observed a good (bad) state.""

"'We allow market information to be noisy in online Appendix C and show broadly similar results.
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The manager will update his belief and optimally choose high (low) investment.
The market maker understands the feedback effect and sets the share price equal
to Vo + nly (Vo — nl;). In all the other cases, the total order flow does not reveal
new information, as either the speculator’s information gets contaminated with the
liquidity trader’s order or the speculator receives no information (and thus does not
trade); the manager follows the investment policy (g) incentivized by the contract
(3) given his private information p.['2 The stock price equals the expected firm value
in the case of no information production (i.e., 8 is exogenously set to zero), that is,
V(q)., in those cases.

Manager's updated Manager’s Stock Speculator’s
Total order flow Pr(S = g|p.P) investment price profit [I(g)
2 buy — 1 Iy Vo + nly 0
1 buy 0

Iy, if and only if .

1 buy 1 sell} — P Hl ;m> 0;1 v V(g) + (decr.in q)
1 sell - 0
2 sell — 0 1 Vo — nlp 0

The speculator can extract information rents, denoted by II, only when his
private information is not fully priced in, and the information rents decrease with
g. Recall that a smaller g (corresponding to a smaller 3) implies an ex ante larger
likelihood of high investment. The state-contingent rise and fall are correspondingly
large for high investment, raising the value of information about the state. Increased
uncertainty in firm value creates opportunities for trading profit and incentivizes
information production.

The speculator’s problem is to maximize his trading profit net of the costs, given

the contract: maer[H(q)w] — %A92 — cf. Note that as the speculator trades

with probability 6, the expected trading cost is cf. The solution represents the
optimal information production, which is the speculator’s reaction function given

the managerial contract: 6§ = % [I w—q(ly— 1) — 2—,70] Combining this with
Observation 1, we derive the following results.

OBSERVATION 3 (Information Production): The amount of information
produced by the speculator is a decreasing function of market frictions (¢ ) and of
managerial pay-for-performance ([3).

Low-powered pay (a low (3) corresponds to a low g, which implies greater
uncertainty in firm value, consequently increasing the speculator’s expected return

12Since the liquidity trader submits either a buy or a sell order with equal probability, if the total order flow is
X = —1orl,itis clear that the order is submitted by the liquidity trader, revealing that the speculator receives no
information and does not trade. The manager does not update his belief in this case. We extend the liquidity trader’s
trading behavior in online Appendix D by allowing for no trading by the liquidity trader; the manager will then
update his belief when the total order flow is X = —1 or | because it may be coming from the speculator. We show
similar results in the extended model.
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from trading on his private information; the speculator will optimally produce
more information. When market frictions become lower (i.e., a smaller c), all else
being equal, the speculator anticipates higher trading profit and thus produces more
information.'?

C. Firm Value

Firm value is now endogenous to trading, as the manager optimally uses infor-
mation revealed in stock prices to guide his investment decision. The expected firm

value, denoted by Vr(g,0), can be derived as V(q) + M(% —q+ qz). We

can see that an increase in firm value can arise from two sources: (i) the value
created by directly implementing a desired investment policy using compensation
(i.e., the first term) and (ii) the value created by the feedback from information
revealed in stock prices (i.e., the second term). Shareholders effectively search
for an optimal mix of these two vehicles that deliver value. The following result
describes how firm value Vi (g, #) responds to an exogenous change in information
production (6) by the speculator.

OBSERVATION 4 (Firm Value): For any given compensation contract, when the
amount of information produced by the speculator exogenously increases,

(i) firm value increases (% > O);

(ii) the marginal effect of incentive pay on firm value diminishes
o [ OVr
(5(%) < o).

Information produced by the speculator constitutes firm value, because it guides
real decisions and helps correct managerial bias. Shareholders can free-ride on the
information the speculator produces and benefit from it. In addition, the marginal
benefit of using compensation decreases with the amount of information produced
by the speculator: when the improved information content of stock prices helps
guide the manager’s investment decisions, there is less necessity to use incentive

pay.
D. Optimal Pay-for-Performance

Shareholders design an optimal compensation contract, understanding how the
manager reacts given the incentives and how the speculator responds to mana-
gerial pay. Shareholders choose the number of shares (%) that maximizes the
expected firm value net of managerial pay. Formally, the optimal contract solves

13 The feature that an ex ante propensity for overinvestment increases market speculators’ incentives to gather
information is reminiscent of the traders’ incentives studied in Dow, Goldstein, and Guembel (2017). In their model,
this feature generates an informational amplification effect of shocks to firm value, making a market breakdown
possible in response to a small decline in fundamentals. Our paper complements theirs by showing that this claim
also amplifies the response in compensation when the financial market environment changes.
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maxg(l — )V, subject to §* = 6/[(1 —2¢")n] and E[U,,(w,I)] > 0 (where
w is the compensation (3*Vy). The first constraint is the incentive compatibility
constraint on investment strategy (Observation 1). The second constraint is the
participation constraint, which is automatically satisfied given the non-negativity
of compensation. As a benchmark, we solve the case with no information
production (i.e., ¢ is exogenously set to zero) and derive the optimal
pay-for-performance (ﬂ) and corresponding investment policy (g) in online
Appendix B.

To illustrate our main mechanism, we first take information production ()
as exogenous and derive its influence on the design of managerial incentives.
Suppose that the speculator exogenously produces more information (i.e., a larger
0). As the additional information revealed in prices helps clarify the outcome
of managerial actions and thereby guides managers in their decisions, there is
less need to provide direct incentives (Observation 4 (ii)). Improved information
content of stock prices thus lowers managerial pay-for-performance, formalized
as follows.

OBSERVATION 5 (Substitution between Market Information and Pay): Optimal
pay-for-performance decreases when the amount of information produced by the
speculator (0) exogenously increases.

The information content of stock prices is endogenous in our model, as the
speculator decides how much information to optimally produce (#). We summarize
the contracting results in Proposition 1.

PROPOSITION 1 (Contracting with Feedback): Suppose that ¢ < c¢*. The optimal
pay-for-performance in the presence of the feedback effect is lower than that in the
case of no information production by the speculator.

Two reinforcing mechanisms deliver this result. First, there is a substitution
relationship between market information and incentive pay (Observation 5): stock
prices can reveal information to a manager and guide his investment decisions,
thereby necessitating lower-powered compensation. Second, an amplification effect
arises from the endogenous response of information production to managerial
pay (Observation 3): anticipating that low-powered compensation encourages
information production by the speculator, the shareholders can take advantage of
being the first mover by lowering incentive pay even more and thereby induce the
speculator to produce more information.

In addition, the feedback from stock prices to managerial real decisions, such
as an investment decision, induces a positive response of firm investment to stock
price. That is, investment sensitivity to price is higher when the manager bases his
investment decisions on the information he extracts from stock prices, as formally
stated below.

OBSERVATION 6 (Investment-to-Price Sensitivity): Suppose that ¢ < c”.
The investment-to-price sensitivity in the presence of the feedback effect is
greater than that in the case of no information production by the speculator.
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E. Effects of Market Frictions

To rigorously test our theory, we use market frictions (c) to derive a testable
implication of how the feedback effect affects managerial compensation, as for-
mally stated below.

IMPLICATION 1 (Effect of Market Conditions on Pay): Suppose that ¢ < c*. As
market frictions (c) decline, managerial compensation becomes less high-powered
in the sense that 3 falls.

When c¢ decreases, reduced market frictions encourage information production
and trading, which enables the market to reveal more information to the manager
and guide his actions, rendering incentive compensation less necessary.

Our mechanisms are transparent enough that we expect them to hold in a
more general environment. There are three key features: (i) the manager learns
new information from stock prices and uses that in his real decisions; (ii) there
are agency frictions; and (iii) the speculator’s information production responds to
managerial pay. The first two features are sufficient for delivering the substitution
relationship between incentive contracting and market information (Observation 5;
Implication 1). The last element can further amplify the effect of stock market
conditions on managerial pay.'

III. Empirical Tests
A. Methodology and Data

Our model yields a testable implication new to the literature: a reduc-
tion in market frictions results in lower optimal pay-for-performance in CEO
compensation. We test this implication using a natural experiment that better
enables market participants to trade and profit from their private information in
the US stock market: the Reg SHO pilot program. The Securities and Exchange
Commission (SEC) randomly selected one-third of the Russell 3000 Index firms
as pilot firms and removed the short-sale restrictions (uptick rule) for pilot firms
from May 2005 to August 2007." Specifically, the SEC sorted the 2004 Russell
3000 Index firms first by listing market and then by average daily dollar volume
from June 2003 through May 2004, and it selected every third company starting
with the second within each listing market.'® The experiment has been shown to

14We discuss model robustness in detail in online Appendix E.

15 The uptick rule is a trading restriction that allows short selling only on an uptick: the short must be either at a
price above the last traded price of the security or at the last traded price when the most recent movement between
traded prices was upward.

!6Tn the fiscal year before the pilot program, pilot and non-pilot firms are similar with regard to firm charac-
teristics including R&D spending, capital expenditure, size, growth, profitability, leverage, and dividend payout.
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be effective in reducing trading costs.'’ We use this regulatory change to proxy for
a plausibly exogenous reduction in market frictions for pilot firms.'®

Following the literature (e.g., Edmans, Gabaix, and Landier 2009; Kim and Lu
2011; and Roosenboom, Schlingemann, and Vasconcelos 2014), we use the scaled
wealth-performance sensitivity (WPS) to measure CEO pay-for-performance. WPS
is calculated as the dollar change in CEO wealth for a one-percentage-point change
in firm value, divided by annual compensation.'® WPS is viewed as the elasticity of
CEO pay to firm value and reflects changes in the value of a CEO’s existing port-
folio, including both new and existing grants. The key advantages of using WPS in
our analysis are that (i) it is invariant to firm size and is thus comparable across firms
and over time, and (ii) it is consistent with the multiplicative production function in
our theory: Edmans, Gabaix, and Landier (2009) show that when managerial deci-
sion has a percentage effect on firm value and CEO utility, the percentage change in
pay for a percentage change in firm value is the relevant incentive measure.

Data on stock prices and returns are from CRSP, and accounting data are from
Compustat. The institutional ownership ratio and institutional ownership concentra-
tion are from Thomson Reuters Institutional (13F) Holdings.

B. Compensation Response

Full-Sample Analysis.—We examine whether the Reg SHO Pilot Program
leads to a reduction in managerial incentives in compensation by employing a
difference-in-differences technique in the following regression:

(1) By = aj+a,+ap- 1Pt s pPuring g - X1+ €

where §3; , is the WPS for firm i in year t.2 Here, a; and q, represent the firm fixed
effects and year fixed effects, respectively. The time period is one year in our specifi-
cation. The variable 177’ is a dummy for the treated firms, which equals one if firms
are selected as pilot firms and zero for the other firms in the Russell 3000 Index (i.e.,
the control group); 1”8 is a year dummy that equals one for 2005 through 2007
and zero for 2001 through 2003. We exclude the year 2004, as that is the year when
the SEC announced the pilot program.?’ The term X; ,_; denotes a set of control
variables, including firm size, Tobin’s Q, leverage ratio, a dividend payout dummy,
firm age, institutional ownership, cash-to-asset ratio, capital expenditure, and return
volatility.>” We do not include 177" or 17*"™8 separately in the regression, owing

17 Alexander and Peterson (2008) find that the effective spreads of trades initiated by short sellers decreased
significantly for pilot stocks. Diether, Lee, and Werner (2009) find that the relative bid depth increased
significantly for pilot stocks.

18 We study two additional experiments that lead to plausibly exogenous variations in trading frictions, namely,
decimalization and Russell 1000/2000 indexing, and report coherent results in online Appendix F.

' WPS data are obtained from Alex Edmans’ website: http://alexedmans.com/data/.

20We winsorize WPS at the 1 percent level to mitigate the influence of extreme outliers.

2 Including the year 2004 does not change our results.

22 A contemporaneous paper by De Angelis, Grullon, and Michenaud (2017) studies the decomposition of
incentives and finds that pilot firms granted relatively more options for risk-shifting considerations. Our results
are different from theirs in that we net out substitutions across compensation vehicles and study total incentives in
compensation; further, we present a theory and supporting evidence for an information-based explanation.
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TABLE 1—THE EFrFECTS OF REG SHO oN WPS

WPS WPS
1Piot 5y During —0.174 —0.203
(0.077) (0.079)

Size 0.019
(0.058)

0 0.031
(0.022)

Leverage 0.001
(0.001)
Dividend —0.115
(0.088)
Age —0.005
(0.009)
IOR —0.101
(0.159)

Cash 0.559
(0.423)

INV 0.074
(0.082)
10C —-0.314
(0.237)
RetStd —0.046
(0.274)

Year dummies Yes Yes
Firm dummies Yes Yes
Observations 9,400 7,657
R? 0.709 0.742

Notes: This table presents the effects of Reg SHO on WPS. 177 is a dummy variable that
equals one for pilot firms and zero for the remaining firms in the Russell 3000 Index. 12
is a time dummy that equals one from 2005 through 2007 and zero for 2001 through 2003.
WPS measures CEO pay-for-performance. Size is the logarithm of total assets. Q (Tobin’s Q)
is the ratio of the market value of assets to the book value of assets, where the market value of
assets is defined as the book value of assets (data 6) plus the market value of common equity
(data 25 times data 199) less the book value of common equity (data 60) and balance-sheet
deferred taxes (data 74). Leverage is the sum of short-term debt (data 34) and long-term debt
(data 9) divided by the sum of short-term and long-term debt and stockholders equity (data
216). Dividend is a dummy variable equal to one if a firm distributes dividends that year and
zero otherwise. Age is calculated based on the first time the firm’s accounting information
appeared in Compustat. J/OR is the institutional investors’ ownership ratio. Cash is the ratio of
cash (data 126) to total assets (data 6). INV is the investment-to-capital ratio, which is capital
expenditure (data 128) divided by fixed assets (data 8). JOC measures the concentration of
institutional ownership, which is the sum of the ownership ratio among the top five institutional
investors. RetStd is the standard deviation of monthly stock returns. Standard errors are
clustered at the firm level and reported in parentheses.

to collinearity with year- and firm-fixed effects. The standard errors are clustered at
the firm level.

presents the results. We find that the coefficient of 1770 x 1Pwing jg
significantly negative, suggesting that pilot firms experienced a reduction in
CEO incentive compensation during the program, compared with control firms.
The economic magnitude of the effect is also sizable.” The point estimate from

23 Our results are qualitatively similar using an alternative incentive measure based on dollar change in execu-
tive wealth per $1,000 change in firm value (Jensen and Murphy, 1990; Core and Guay, 2002).
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the second column in Table 1 suggests that in response to a 100-percentage-point
change in firm value, the response of pay in pilot firms is about 20 percentage
points less than that in control firms during the experiment. Our result is in line
with the idea that managerial incentive pay is lower when managers can learn more
information from a less frictional market.

Subsample Analysis.—To further assess the validity of our claim, one natural test
is to evaluate whether our results work through changes in CEO contract terms, as
the contract change might not be immediate for all firms. Since there is no publicly
available dataset on CEO contract changes, we build a new dataset on CEO contracts
and assess whether our results are concentrated in the pilot firms that announced
tangible changes in their CEO compensation policy.

We start by manually collecting CEO contract data from SEC filing exhibits in 8-K
forms. Form 8-K, available in the SEC’s EDGAR database, is the report companies
must file with the SEC to announce major events that shareholders should know
about, including updates about CEO compensation packages. We read each pilot
firm’s 8-K forms and obtain announcements regarding changes, amendments, and
revisions of CEO contracts or compensation plans.”! To ensure that the disclosed
information is consistent across filings, we read and obtain information about pilot
firms’ CEO compensation contracts from Form 10-K, a comprehensive annual report
that firms file with the SEC that is also available in the SEC’s EDGAR database.*”
Firms’ 10-Ks often do not contain information on compensation plans and thus serve
as a cross-checking benchmark to avoid missing disclosed changes. We compare our
data collected from 8-Ks with those collected from 10-Ks, and re-examine every
firm-year pair for which the data differ. The resulting data indicate any disclosed
changes in CEO compensation policy, including CEO compensation contracts and
compensation plans. Overall, 51 percent of pilot firms announced changes in their
CEO compensation policy during Reg SHO.

We then split pilot firms into two groups—firms that announced changes in
their CEO compensation policy and those that did not—with the expectation that
the subsample with the contract-change group should have stronger results than
the subsample with the no-contract-change group.’® We continue to retain the
non-pilot firms as the control group in both subsamples. We re-run our equation (1)
specification in the two subsamples and report our results in columns 1 through 4
of Table 2. Consistent with the idea that the compensation response to Reg SHO is
largely driven by firms that made changes in their CEO compensation policy, we

24 Changes in compensation plans also apply to the firm’s other executives, in addition to the CEO.

25n addition to human reading of 10-Ks, we also utilize the standard language in 10-Ks to develop a comput-
er-automated EDGAR scraper that identifies the dates of CEO contracts and subsequent amendments. In particular,
we exploit Item 401(b) in 10-Ks, which specifies “describe briefly any arrangement or understanding between him
and any other person(s) pursuant to which he was or is to be selected as an officer.” We isolate (and store) sentences
containing a quadruple of (i) the name of the CEO in question, (ii) “employment™ or “stock (award),” or “stock
option,” or “bonus,” (iii) “agreement” or “contract,” and (iv) “effective.” We then record the dates that appear in
these sentences. As 10-K results represent a subset of information that can be extracted from 8-Ks, we use the
results from 10-Ks (human-reading and computer-automated) to avoid missing disclosed changes (false negatives).

26 For the contract-change subsample, we include all pilot firms that announced changes in CEO contracts or
compensation plans in 2005 or 2006, as changes in 2007 may not immediately affect compensation payout that
year. Only 0.03 percent of pilot firms changed their CEO compensation policy in 2007, compared with 42 percent
in 2005 and 38 percent in 2006; thus, including compensation policy changes in 2007 generates very similar results.
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TABLE 2—EFFECTS IN FIRMS THAT CHANGED/DID NOT CHANGE COMPENSATION POLICY

Contract change No contract change  Contract/CEO change  No contract/CEO change

WPS WPS WPS WPS WPS WPS WPS WPS
(1) (2 3) 4) ©) (6) () (8)
1Pt 5 QPwing 0218  —0.232 —0.118 —0.159 —0.228 —0.252 —0.052 —0.065
(0.112)  (0.114)  (0.090)  (0.088) (0.095) (0.098) (0.111) (0.099)
Size —0.003 0.043 0.010 0.032
(0.058) (0.061) (0.057) (0.062)
Q 0.039 0.020 0.041 0.019
(0.025) (0.023) (0.025) (0.023)
Leverage 0.004 0.001 0.004 0.001
(0.005) (0.001) (0.005) (0.001)
Dividend —0.082 —0.137 —0.083 —0.139
(0.089) (0.103) (0.097) (0.095)
Age —0.004 —0.003 —0.008 0.001
(0.009) (0.010) (0.009) (0.010)
IOR —0.163 —0.164 —0.187 —0.134
(0.168) (0.174) (0.168) (0.174)
Cash 0.503 0.353 0.508 0.323
(0.451) (0.425) (0.438) (0.436)
INV 0.156 0.018 0.065 0.044
(0.144) (0.063) (0.080) (0.140)
10C —0.300 —0.302 —0.275 —0.320
(0.260) (0.240) (0.255) (0.242)
RetStd —0.188 —0.062 —0.185 —0.058
(0.277) (0.246) (0.271) (0.251)
Year dummies Yes Yes Yes Yes Yes Yes Yes Yes
Firm dummies Yes Yes Yes Yes Yes Yes Yes Yes
Observations 7,935 6,501 7,903 6,328 8,298 6,813 7,540 6,016
R? 0.698 0.725 0.709 0.741 0.693 0.718 0.715 0.750

Notes: The first four columns of this table present the effects of Reg SHO on WPS in two subsamples: firms that
disclosed changes in CEO compensation policy (denoted as Contract change) and those that did not (denoted as
No contract change); the non-pilot firms continue to be the control group in both subsamples. The last four columns
of this table present the effects of Reg SHO on WPS in the following two subsamples: firms that disclosed changes
in CEO compensation policy or had CEO change (denoted as Contract/ CEO change) and those that did not do
either (denoted as No contract/ CEO change); the non-pilot firms continue to be the control group in both subsa-
mples. Definitions of all variables are listed in Table 1. Standard errors are clustered at the firm level and reported
in parentheses.

find that the result is economically and statistically stronger for the contract-change
group.

Some of the firms in the no-contract-change group might have experienced
a new CEO appointment during the experiment, rendering an opportunity to
revise their CEO compensation policy. To identify all situations that likely imply
tangible changes in CEO contract terms, we conduct an alternative exercise in
which we include the pilot firms that entered into a new contract due to a new
CEO appointment in the contract-change group. That is, we split pilot firms
into two groups—firms that either announced changes in their CEO compensa-
tion policy or appointed a new CEQO, and those that did not do either—retaining
the non-pilot firms as the control group in both subsamples. The result in the
contract/ CEO-change group becomes more significant, which suggests that despite
the potential compounding effects when the CEO changes, the new contracts
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offered by pilot firms during the experiment appear to have taken Reg SHO into
consideration.?’ Moreover, the coefficient for the no-contract/CEO-change group
is insignificant and very small (as shown in columns 7 and 8 of Table 2), providing
reassurance that the compensation result documented in Table 1 indeed reflects
deliberate contracting decisions.

C. Managerial Learning from the Market

A first-order prediction of our theory is that there is increased managerial
learning from the market in pilot firms during Reg SHO. We assess this mecha-
nism directly by examining the sensitivity of investment to stock price, a proxy
for managerial learning (see, for example, Chen, Goldstein, and Jiang 2007 and
Foucault and Fresard 2012, 2014). When managers decide on the level of invest-
ment, they should use all relevant information, including their own private infor-
mation and new information revealed in stock prices. Investment will thus be
more sensitive to stock price when the price provides more information that is not
otherwise available to managers; information that managers already had will move
the price but not affect the investment decision (as it has already affected past
investments), thereby decreasing the sensitivity of investment to price (e.g., Chen,
Goldstein, and Jiang 2007). Therefore, increased sensitivity of investment to stock
price would be consistent with the notion that managers extract more information
from stock prices that is new to them and use it in their investment decisions.

Following the literature, we use firms’ Q (denoted by Q) to measure the
(normalized) stock price. It is calculated as the market value of equity plus the book
value of assets minus the book value of equity, scaled by book assets.”S We perform
the following regression:

Ii,t = a;+a,+a; - lPllot % lDunng % Qi,tfl +ay 1leot % lDurmg
Durin, Pilot
taz Qi+ oay 17X Qa5 17X Q4
+ ag + Controls + €, ,,

where I;; denotes firm i’s investment in year ¢ and is measured as either R&D
spending or R&D and CAPX together (Bai, Philippon, and Savov 2016).>
Following Chen, Goldstein, and Jiang (2007), we include current cash flow to con-
trol for the effect of cash flow on investment, the value-weighted market adjusted
future three-year cumulative return to control for managers’ market timing of

27The coefficients for the two subsamples are statistically different at the 10 percent level based on SUR
estimation.

28 Following Chen, Goldstein, and Jiang (2007) and Foucault and Fresard (2012), the market value is calculated
as price times shares outstanding from CRSP, and the book value is (Item 6-Item 60 in Compustat).

29 Bai, Philippon, and Savov (2016) demonstrate increased price informativeness by showing that stock prices
have become stronger predictors of investment as measured by either R&D alone or R&D and CAPX together (not
CAPX alone, though). They argue that market information is particularly useful for real decisions like R&D. They
also find a declining importance of CAPX.
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TABLE 3—THE EFFECTS OF REG SHO ON INVESTMENT-TO-PRICE SENSITIVITY

R&D R&D R&D + CAPX R&D + CAPX
Q x 1Pilot ¢ 1 During 0.004 0.005 0.004 0.005
(0.001) (0.001) (0.002) (0.002)
it 5 During —0.006 —0.007 —0.006 —0.008
(0.002) (0.002) (0.005) (0.005)
0 0.005 0.004 0.013 0.012
(0.001) (0.001) (0.002) (0.002)
Q x 1Puring —0.000 —0.000 0.000 —0.000
(0.001) (0.001) (0.001) (0.002)
Q x 1P —0.003 —0.003 —0.003 —0.002
(0.001) (0.001) (0.002) (0.002)
CF —0.050 —0.006
(0.016) (0.027)
Future 3yr ret 0.000 —0.006
(0.000) (0.001)
1/AT 2.803 4704
(0.925) (1.902)
Year dummies Yes Yes Yes Yes
Firm dummies Yes Yes Yes Yes
Observations 8,307 7,779 8,267 7,746
R? 0.921 0.924 0.845 0.845

Notes: This table presents the effects of Reg SHO on investment-to-price sensitivity. 177 and
1948 are defined in Table 1. R&D is R&D expenses (Compustat Annual Item 128 plus Item
46) scaled by beginning-of-year book assets (Item 6); CAPX is capital expenditures scaled by
beginning-of-year book assets. Q is the ratio of the market value of assets to the book value of
assets, where the market value of assets is defined as the book value of assets (data 6) plus the
market value of common equity (data 25 times data 199) less the book value of common equity
(data 60) and balance-sheet deferred taxes (data 74). CF (cash flow) is computed as the sum
of income before extraordinary items and depreciation, scaled by assets, in the current period.
Future 3yr ret is the value-weighted market adjusted future three-year cumulative return. 1 /AT
is the reverse of lagged total assets. Standard errors are clustered at the firm level and reported
in parentheses.

investment, and the reverse of lagged total assets to isolate the correlation induced
by the common scaling variable.’"

shows a positive and significant coefficient for the triple interaction
between the pilot firm dummy, the pilot period dummy, and Q. Reg SHO can dou-
ble the investment-to-price sensitivity, consistent with the notion that the content
of increased information is useful to managers such that managers rely more on
stock prices for their investment decisions. Our finding of higher sensitivity of
corporate investment to price is also consistent with Chen, Goldstein, and Jiang
(2007), albeit using an alternative proxy for information content and different data.

D. Alternative Explanation

An alternative explanation for the compensation response to Reg SHO is that
stock volatility might increase in pilot firms, leading firms to respond by reducing

39Qur results are robust to alternative control variables, including the controls used in Foucault and Fresard
(2012), for example.
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the exposure of managerial compensation to stock prices due to the risk-sharing
consideration (Holmstrom and Milgrom 1987). However, Diether, Lee, and Werner
(2009) show that returns and volatility at the daily level are unaffected in pilot firms
during Reg SHO. In addition, Deng, Gao, and Kim (2017) show that stock crash
risk is reduced in pilot firms, consistent with the argument in Hong and Stein (2003)
that crash risk declines with short selling because stock prices incorporate negative
information faster.

To further gauge the role of stock volatility in accounting for the changes in CEO
compensation during Reg SHO, we examine whether Reg SHO affects stock vola-
tility at the annual level in pilot firms, as long-term volatility may be more relevant
for contracting purposes than daily volatility. We use the difference-in-differences
methodology as in the following regression:

(2) voly, = a;+ a,+ap - 17" x 178 a4y - X oy + €

where vol; , is firm i’s stock return volatility in year f, measured by both total
volatility (denoted by #vol), which is the standard deviation of daily stock returns,
and idiosyncratic volatility (denoted by ivol), calculated as the residuals of the
Fama-French 3-factor regression (Ang et al. 2006). All the other variables are
the same as defined in equation (1). As shown in [Table 4, there are no significant
differences in volatility between pilot and control firms during Reg SHO.?!| Although
we cannot rule out the alternative mechanism, the patterns we document suggest
that the risk sharing consideration may not be the key driver of the compensation
response to Reg SHO.*”

IV. Conclusion

Existing studies have analyzed managerial compensation and stock price feed-
back in isolation. As the feedback effect directly influences managerial behavior,
compensation should optimally adjust for it. In this paper, we study the contracting
implications of the feedback effect and show, both theoretically and empirically,
that when the financial market becomes less frictional, information provision in
the stock market substitutes, in part, for incentive compensation. The reason is that
information revealed in stock prices clarifies the outcome of managerial actions
ex ante, helping to prevent managers from engaging in harmful activities and thus
making incentive compensation less necessary. We document significant decreases
in incentive compensation in response to exogenous reductions in market frictions,
and we also find patterns in the data that are consistent with a managerial learning
mechanism. Our empirical analysis yields a set of results that are difficult to coher-
ently rationalize with an alternative theory. Collectively, these results point to the
feedback effect as the most consistent explanation. We do not, however, attribute

31We also find no significant changes in stock volatility in either the contract-change group or the
no-contract-change group, as reported in online Appendix F.

32Using a logit regression, we find that the likelihood of CEO compensation policy changes is significantly
and negatively related to the firm’s prior trading frictions but not stock volatility, as reported in online Appendix F.



2464 THE AMERICAN ECONOMIC REVIEW JULY 2019

TABLE 4—THE EFrFECTSs OF REG SHO ON STOCK VOLATILITY

tvol tvol ivol ivol
1Piot 5y During 0.324 0.544 0.266 0.388
(0.581) (0.507) (0.487) (0.454)
Size 3.064 2.009
(0.731) (0.632)
] 0.948 0.501
(0.200) (0.120)
Leverage —0.058 —0.049
(0.024) (0.019)
Dividend 1.739 1.967
(0.728) (0.697)
Age —1.399 —1.307
(0.132) (0.111)
IOR —5.664 —7.040
(1.886) (1.743)
Cash —4.432 —3.271
(7.480) (7.105)
INV 4.853 3.142
(1.782) (1.209)
10C 4.829 6.277
(2.760) (2.537)
RetStd 40.491 31.363
(4.665) (3.940)
Year dummies Yes Yes Yes Yes
Firm dummies Yes Yes Yes Yes
Observations 9,140 7,654 9,140 7,654
R? 0.756 0.811 0.755 0.799

Notes: This table presents the effects of Reg SHO on stock volatility. fvol is total volatility,
measured as the standard deviation of daily stock returns. ivol is idiosyncratic volatility,
calculated based on the Fama-French 3-factor model. The other variables are defined in
Table 1. Standard errors are clustered at the firm level and reported in parentheses.

the compensation changes entirely to feedback. Given the mounting evidence on
informational feedback from stock prices, this paper is a first attempt to examine
whether and how financial market conditions affect the design of executive com-
pensation through a managerial learning channel. Certainly more work lies ahead
to better understand the quantitative importance of the feedback effect in shaping
executive pay.

MATHEMATICAL APPENDIX

PROOF OF OBSERVATION 1:

To implement a target investment policy with a threshold g—high
investment is chosen if and only if p > g—incentive compatibility requires
that the manager prefers high investment for all p > ¢, which implies that
the manager is indifferent between high and low investment when p = g¢:

Blalyn — (1 —q)Iyn] + Vo + 61y = Blgln — (1 — q) I n] + BV + 51,
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Recall that compensation is fully characterized by pay-for-performance (/)
in our model, due to the assumption of linearity and non-negativity. The

incentive-compatible pay-for-performance is thus given by § = ﬁ. Thus,

(s strictly increasing in ¢. i

PROOF OF OBSERVATION 2:

Suppose that ¢ < ¢*, where ¢* = g(%ly—i—%h). We prove the existence
of the equilibrium below. Suppose that the market’s belief on the specula-
tor’s trading strategy is that he will buy on good news, sell on bad news, and
not trade with no news. We will verify that the speculator will collect informa-
tion and his optimal trading strategy is consistent with the market’s belief. Recall
that ¢ < 1/2 in equilibrium. If the speculator receives good news, then his
expected payoff will be %(1 —q) (Vo +nly—V(q)) + %q(VO +nl, —V(g) — ¢
= %77[(1 —q) %Iy +q(2 — q)I;] — ¢ > 0 if he submits a buy order; 0 if he does
not trade; —nl; — %n[(l —q)?ly+q(2—q)] —c < 0 if he submits a sell
order; thus, the speculator’s optimal strategy is to submit a buy order. Similarly,
if the speculator receives bad news, then his expected payoff will be %(1 —q)
x (V(q) + nly — Vo) + 3a(V(q) + 1l — Vo) — ¢ = %17[(1 — @)y +q*1| —
¢ >0 if he submits a sell order; O if he does not trade; and
—nly — %n[(l — qz) IH+q21L] —c¢ < 0 if he submits a buy order; thus, the
speculator’s optimal strategy is to submit a sell order if he receives bad news.
If the speculator does not receive any news, then his expected payoff will be
1

5(V(q) — Vo — nly) — ¢ < 0 if he submits a buy order; 0 if he does not trade;

and %(VO —nl; —V(q)) — ¢ < 0 if he submits a sell order; thus, the specula-
tor’s optimal strategy is to not trade in this case. Thus, we have verified that there
exists an equilibrium in which the speculator produces information and submits
a buy order of size 1 if he observes a good state, submits a sell order of size 1 if
he observes a bad state, and does not trade if he does not observe the true state.
This strategy is consistent with the market’s belief. B

PROOF OF OBSERVATION 3:
The speculator’s expected trading profits are calculated as follows:
4| pd 1—p)o
E[@)16] = [/t + Vo~ via) + 522 0tg) + 0t — Vi ap

T Ll %9(771,, + Vo — V(q)) + %(V(q) + 0l — VO)] dp

()

The  first-order  condition for the  speculator’s  problem  yields
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PROOF OF OBSERVATION 4:

In the model, with probability %, the manager learns from the market that the
state is good and consequently chooses high investment; with probability a _2p )0,
the manager learns about the bad state and thus chooses low investment.
The expected firm value, denoted by Vp(g,0), can be derived as follows:

0 (1-p)o 0
Vela.0) = E| 2 (Vo + Ium) + "0 (Vo — 1m) + (1= §)V(a)| = V) +
M(% —q+ qz). Recall that V(g) in the proof of Observation 1 in this
Appendix. As Ul — 1 (l —q— qz) > 0,for0 < g < 1/2, we have V¢(q,0)

2 2
> V(q), Yq. Denote A = Iy — I;. We have (i) Ve _ ﬂ(1 q-i—qz) > 0,

90 2\2
.. )% A
(11)8_(1(8—;) = Tn(—l +2¢) < 0.1

PROOF OF OBSERVATION 5:

The shareholders’ objective function is given by max,(1 — 3) Vp, where

— 0 : i . Ve
B = =207 Taking the first-order condition yields that (1 — ) 9

lf—%qu = 0. Let G(g,0) denote the left-hand side of the first-order equation.
. file} . G _ a(0Vr\
Since 9 | oee < 0 and by Observation 4, F& = ( ﬂ)%<a—q>

28 Vr < 0, we obtain %4 < 0 and 9p < 0 by the Implicit Function

1—2q 90 90 a0
Theorem.

PROOF OF PROPOSITION 1:
As the case of no information production corresponds to # = 0, it immediately
follows from Observation 5 that 3* < (.1

PROOF OF OBSERVATION 6:

. . . e I, P
We derive the investment-to-price sensitivity, G;p = cov(L. P)

var(P) ’
Without the feedback effect, the manager always follows his own private informa-
tion when making investment decisions. The stock price is set accordingly to be
V(q), and the investment is unrelated to stock price. That is, the investment-to-price
sensitivity equals zero in the case of no information production.
In the presence of the feedback effect, we can calculate that

in our model.

(1-p)o 0

E[IxP] =E p—ely(V0+IH77) +TIL(VO —In) + (1 - §> IOV(CI)]

2
= 81y (Vo + tyn) + 91.(Vo — 1) + (1 = &) 1oV(a),

where Iy = (1 — q) Iy + ql;,
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0
Wi

(1-p)o

E[l] = E - 1L+(1 —%)10] - %1H+§IL+(1 —%)10,

£P) = B2 Vot 1) + L2 (o - 1y + (1= ) via)|

Vot Tgn) + (Vo — 1) + (1 = &) W),

S

cov(l,P) = E[I x P] —E|[I]|-E[P]

— %IHn[g(lH—IL) + (1 —g)(IH_IO)]
+ glm[g(l,, —1)+ (1= 8) - IL)]

+ (1 - g)(IH_ IL)U(‘I - qz)g(ﬂo —Iy—1p)

> 0,

since I, > %(IH +1p).

Hence, the investment-to-price sensitivity in the presence of the feedback effect is
greater than that in the case of no information production. B

PROOF OF IMPLICATION 1:
Plugging 6 = %(IH(I —q)+ 1 g — %) into  Vp(q,6) yields that

maximizing [1 —ﬁ] Vr(g,0) 1is equivalent to maximizing F(g,x)

_ 5 3 2 3 1 Iy | VoB

where B = %, and §' = % Denote f(g,x) = ‘3—2, where x refers to the param-
eter Iy, I;, ¢, or A. Then we have % + % % = 0. Since at the maximum ¢*, we
must have g—g < 0, the sign of% is the same as the sign of % Note, g = a%(%)
= % [(1 _252,61)2 (% —q+ qz) + [1 — ﬁ](l — 2q)] > 0. Therefore, ¢* and 3*

are both increasing in c. B

REFERENCES

» Alexander, Gordon J., and Mark A. Peterson. 2008. “The Effect of Price Tests on Trader Behavior and
Market Quality: An Analysis of Reg SHO.” Journal of Financial Markets 11 (1): 84-111.

» Ang, Andrew, Robert J. Hodrick, Yuhang Xing, and Xiaoyan Zhang. 2006. “The Cross-Section of
Volatility and Expected Returns.” Journal of Finance 61 (1): 259-99.


http://pubs.aeaweb.org/action/showLinks?crossref=10.1016%2Fj.finmar.2007.06.002&citationId=p_1
http://pubs.aeaweb.org/action/showLinks?crossref=10.1111%2Fj.1540-6261.2006.00836.x&citationId=p_2

2468 THE AMERICAN ECONOMIC REVIEW JULY 2019

» Bai, Jennie, Thomas Philippon, and Alexi Savov. 2016. “Have Financial Markets Become More Infor-
mative?” Journal of Financial Economics 122 (3): 625-54.
»Bond, Philip, Alex Edmans, and Itay Goldstein. 2012. “The Real Effects of Financial Markets.”
Annual Review of Financial Economics 4: 339-60.
» Chen, Qi, Itay Goldstein, and Wei Jiang. 2007. “Price Informativeness and Investment Sensitivity to
Stock Price.” Review of Financial Studies 20 (3): 619-50.
» Core, John, and Wayne Guay. 2002. “Estimating the Value of Employee Stock Option Portfolios and
Their Sensitivities to Price and Volatility.” Journal of Accounting Research 40 (3): 613-30.
» De Angelis, David, Gustavo Grullon, and Sebastien Michenaud. 2017. “The Effects of Short—Selling
Threats on Incentive Contracts: Evidence from an Experiment.” Review of Financial Studies
30 (5): 1627-59.
Deng, Xiaohu, Lei Gao, and Jeong-Bon Kim. 2017. “Short Selling and Stock Price Crash Risk: Causal
Evidence from a Natural Experiment.” Unpublished.
» Diamond, Douglas W., and Robert E. Verrecchia. 1982. “Optimal Managerial Contracts and Equilib-
rium Security Prices.” Journal of Finance 37 (2): 275-87.
» Diether, Karl B., Kuan-Hui Lee, and Ingrid M. Werner. 2009. “It’s SHO Time! Short-Sale Price Tests
and Market Quality.” Journal of Finance 64 (1): 37-73.
» Dow, James, Itay Goldstein, and Alexander Guembel. 2017. “Incentives for Information Production
in Markets Where Prices Affect Real Investment.” Journal of the European Economic Association
15 (4): 877-909.
» Dow, James, and Gary Gorton. 1997. “Stock Market Efficiency and Economic Efficiency: Is There a
Connection?” Journal of Finance 52 (3): 1087-1129.
» Edmans, Alex, Xavier Gabaix, and Augustin Landier. 2009. “A Multiplicative Model of Optimal CEO
Incentives in Market Equilibrium.” Review of Financial Studies 22 (12): 4881-4917.
» Eisfeldt, Andrea L., and Adriano A. Rampini. 2008. “Managerial Incentives, Capital Reallocation, and
the Business Cycle.” Journal of Financial Economics 87 (1): 177-99.
» Foucault, Thierry, and Laurent Fresard. 2012. “Cross-Listing, Investment Sensitivity to Stock Price,
and the Learning Hypothesis.” Review of Financial Studies 25 (11): 3305-50.
» Foucault, Thierry, and Laurent Fresard. 2014. “Learning from Peers’ Stock Prices and Corporate
Investment.” Journal of Financial Economics 111 (3): 554-77.
» Harris, Milton, and Artur Raviv. 1990. “Capital Structure and the Informational Role of Debt.” Jour-
nal of Finance 45 (2): 321-49.
Hart, Oliver, and John Moore. 1995. “Debt and Seniority: An Analysis of the Role of Hard Claims in
Constraining Management.” American Economic Review 85 (3): 567-85.
Hayek, F. A. von. 1945. “The Use of Knowledge in Society.” American Economic Review 35: 519-30.
» Holmstrom, Bengt, and Paul Milgrom. 1987. “Aggregation and Linearity in the Provision of Intertem-
poral Incentives.” Econometrica 55 (2): 303-28.
» Holmstrom, Bengt, and Jean Tirole. 1993. “Market Liquidity and Performance Monitoring.” Journal
of Political Economy 101 (4): 678-709.
» Hong, Harrison, and Jeremy C. Stein. 2003. “Differences of Opinion, Short-Sales Constraints, and
Market Crashes.” Review of Financial Studies 16 (2): 487-525.
» Jayaraman, Sudarshan, and Todd T. Milbourn. 2012. “The Role of Stock Liquidity in Executive Com-
pensation.” Accounting Review 87 (2): 537-63.
Jensen, Michael C. 1986. “Agency Costs of Free Cash Flow, Corporate Finance, and Takeovers.” Amer-
ican Economic Review 76 (2): 323-29.
» Jensen, Michael C. 1993. “The Modern Industrial Revolution, Exit, and the Failure of Internal Control
Systems.” Journal of Finance 48 (3): 831-80.
» Jensen, Michael C., and Kevin J. Murphy. 1990. “Performance Pay and Top-Management Incen-
tives.” Journal of Political Economy 98 (2): 225-64.
»Kim, E. Han, and Yao Lu. 2011. “CEO Ownership, External Governance, and Risk-Taking.” Journal
of Financial Economics 102 (2): 272-92.
P Kyle, Albert S. 1985. “Continuous Auctions and Insider Trading.” Econometrica 53 (6): 1315-35.
Lin, Tse-Chun, Qi Liu, and Bo Sun. 2019. “Contractual Managerial Incentives with Stock Price Feed-
back: Dataset.” American Economic Review. https://doi.org/10.1257/aer.20151310.
»Masulis, Ronald W., Cong Wang, and Fei Xie. 2007. “Corporate Governance and Acquirer
Returns.” Journal of Finance 62 (4): 1851-89.
» Roosenboom, Peter, Frederik P. Schlingemann, and Manuel Vasconcelos. 2014. “Does Stock Liquid-
ity Affect Incentives to Monitor? Evidence from Corporate Takeovers.” Review of Financial Stud-
ies 27 (8): 2392-2433.
» Stulz, Rene M. 1990. “Managerial Discretion and Optimal Financing Policies.” Journal of Financial
Economics 26 (1): 3-27.


http://pubs.aeaweb.org/action/showLinks?crossref=10.1111%2Fj.1540-6261.2007.01259.x&citationId=p_30
http://pubs.aeaweb.org/action/showLinks?crossref=10.1093%2Frfs%2Fhhs093&citationId=p_15
http://pubs.aeaweb.org/action/showLinks?crossref=10.1093%2Frfs%2Fhhl024&citationId=p_5
http://pubs.aeaweb.org/action/showLinks?crossref=10.2308%2Faccr-10204&citationId=p_23
http://pubs.aeaweb.org/action/showLinks?crossref=10.1111%2Fj.1540-6261.1997.tb02726.x&citationId=p_12
http://pubs.aeaweb.org/action/showLinks?crossref=10.1016%2Fj.jfineco.2011.07.002&citationId=p_27
http://pubs.aeaweb.org/action/showLinks?crossref=10.1111%2Fj.1540-6261.1982.tb03550.x&citationId=p_9
http://pubs.aeaweb.org/action/showLinks?crossref=10.1093%2Frfs%2Fhht076&citationId=p_31
http://pubs.aeaweb.org/action/showLinks?crossref=10.1016%2Fj.jfineco.2013.11.006&citationId=p_16
http://pubs.aeaweb.org/action/showLinks?crossref=10.2307%2F1913238&citationId=p_20
http://pubs.aeaweb.org/action/showLinks?crossref=10.1111%2F1475-679X.00064&citationId=p_6
http://pubs.aeaweb.org/action/showLinks?crossref=10.1093%2Frfs%2Fhhn117&citationId=p_13
http://pubs.aeaweb.org/action/showLinks?crossref=10.2307%2F1913210&citationId=p_28
http://pubs.aeaweb.org/action/showLinks?crossref=10.1016%2F0304-405X%2890%2990011-N&citationId=p_32
http://pubs.aeaweb.org/action/showLinks?crossref=10.1111%2Fj.1540-6261.1990.tb03693.x&citationId=p_17
http://pubs.aeaweb.org/action/showLinks?crossref=10.1016%2Fj.jfineco.2016.08.005&citationId=p_3
http://pubs.aeaweb.org/action/showLinks?crossref=10.1086%2F261893&citationId=p_21
http://pubs.aeaweb.org/action/showLinks?crossref=10.1111%2Fj.1540-6261.2008.01428.x&citationId=p_10
http://pubs.aeaweb.org/action/showLinks?crossref=10.2307%2F2329018&citationId=p_25
http://pubs.aeaweb.org/action/showLinks?crossref=10.1093%2Frfs%2Fhhw105&citationId=p_7
http://pubs.aeaweb.org/action/showLinks?crossref=10.1016%2Fj.jfineco.2006.11.007&citationId=p_14
http://pubs.aeaweb.org/action/showLinks?crossref=10.1093%2Frfs%2Fhhg006&citationId=p_22
http://pubs.aeaweb.org/action/showLinks?crossref=10.1146%2Fannurev-financial-110311-101826&citationId=p_4
http://pubs.aeaweb.org/action/showLinks?crossref=10.1093%2Fjeea%2Fjvw023&citationId=p_11
http://pubs.aeaweb.org/action/showLinks?crossref=10.1086%2F261677&citationId=p_26

This article has been cited by:

1. Markus Baldauf, Joshua Mollner. 2017. High-Frequency Trading and Market Performance. SSRN
Electronic Journal . [Crossref]


https://doi.org/10.2139/ssrn.2674767

	Contractual Managerial Incentives with Stock Price Feedback
	I. The Model
	II. Equilibrium Contracting with Feedback
	A. Investment Policy Incentivized by Compensation
	B. Information Production and Trading
	C. Firm Value
	D. Optimal Pay-for-Performance
	E. Effects of Market Frictions

	III. Empirical Tests
	A. Methodology and Data
	B. Compensation Response
	C. Managerial Learning from the Market
	D. Alternative Explanation

	IV. Conclusion
	Mathematical Appendix
	REFERENCES


