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Abstract

The combination of stock-based CEO compensation and limited informed trading capital
creates a “race to the bottom” among firms resulting in myopic project choice. More
informative stock prices reduce the agency cost of incentivizing managers. Also, shortening
project maturity improves stock price informativeness by catering to informed investors,
who prefer short-term assets. However, since informed trading capital is a scarce resource,
attracting informed investors cannot increase an individual firm’s price informativeness in
equilibrium: it simply destroys shareholder value. The “short-termism trap” can destroy
large amounts of shareholder value, potentially up to 100% of the benefits of stock market
listing.

JEL Classification: G14, G32, G38

1 Introduction

Because stock prices reflect the present value of long-term future cash flows, informative stock
prices improve managerial incentives; this allows long-term value creation to be rewarded im-
mediately (stock prices also help in other ways, such as learning about investment profitability).
So, firms can benefit from going public and having their stock traded by well-informed traders.

But traders prefer their positions to make money sooner rather than later: they have short
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horizons. Under pressure from investor short-termism, firms can make their stock prices more
informative by choosing short-term projects that cater to informed traders. However, firms’
competition for informed capital can backfire: project choices that are optimal for individual
firms can encourage a race to the bottom in which firms all choose projects of excessively short
duration. We show that this effect can even be so severe that it destroys 100% of the benefits
of going public.

Previous research has established reasons why investors have short horizons (we refer here
to hedge funds, pension funds, proprietary traders or any investors that trade based on their
own analysis).! In our model they may need to liquidate early. More generally, they may need
to demonstrate performance in the short term, they may be subject to margin calls if their
trades do not converge, and cost of carry makes long-term arbitrage uneconomic. Thus firms
whose projects’ value is revealed sooner are more attractive to informed investors.

There is also an extensive literature on corporate short-termism. Our paper is different: we
do not just demonstrate that firms will take decisions that deliver short-term results by com-
promising long-term value. Such decisions, after all, are completely natural in contexts where
an agent’s performance is monitored periodically. This is generally value-creating given the
underlying agency problem. In contrast, in our paper short-termism is dysfunctional because
firms’ competition (through project selection) for informed trade creates an externality on
other firms. Also, our paper features short-termism in the context of publicly-traded compa-
nies and stock-based managerial compensation. This is important because much of the public
debate on short-termism centres on alleged short-term pressure from the stock market and on
stock-based managerial compensation.

These differences are discussed in the literature section below; however, to briefly illustrate
our point about optimality, consider as an example a firm owner who chooses a manager.
If the owner does not know the manager’s ability, it makes sense to replace the manager if
performance targets are not met. Obviously, the manager has an incentive to choose actions
that meet the targets by the deadline, even if other actions are higher NPV but take longer to
show positive results. In that sense, the manager is subject to short-termist pressure from the
owner. From the owner’s perspective, however, imposing performance targets is optimal, even
though it distorts managerial decisions. It is second best (i.e., optimal given the information
constraints). It is well established in previous literature that short-termism can be second-best.
What is less well established, but more important economically, is that there are economic
forces causing short-termism to be suboptimal compared to second-best. In this paper, we
explain these forces.

We study a model in which firms’ shares are traded in a stock market with privately in-

!See, for example, Graves and Waddock (1990), Porter (1992), Bushee (1998, 2001), Manconi, Massa, and
Yasuda (2012), Cella, Ellul, and Giannetti (2013), Kim, Su, and Zhu (2017), and Von Beschwitz, Lunghi, and
Schmidt (2022) for relevant discussions and evidence on investor short-termism.



formed investors and uninformed investors. Informed investors have limited capital, modeled
by assuming they can only invest one unit. They also have a preference for short-term invest-
ments, modeled by assuming they may receive a liquidity shock forcing them to liquidate early.
Firms choose projects which are run by managers who are subject to moral hazard. Managers
may also need to leave early for exogenous reasons. Stock-based compensation allows firms to
implement long-term projects because the stock price in the short term reflects information
about the projects’ eventual liquidation value.

A firm can make compensation contracts more efficient if it can increase the informativeness
of its stock price. Given the project choices made by other firms, an individual firm can do
this by reducing its project maturity to attract informed trade. However, informed trading is
limited, so the increase in one firm’s price informativeness is at the expense of other firms. This
externality causes a race to the bottom in which, in equilibrium, project maturity is too short:
all firms would have higher value if they coordinated on longer projects. Indeed, in equilibrium,
projects may be even shorter duration than if there were no stock-based managerial incentives
at all. The race to the bottom in project maturity, and the ensuing loss of value, is what we
call the “short-termism trap.”

At a high level, our central premise is that informative stock prices are useful to firms.
Therefore, firms are under pressure to compete for informed investors, and because informed
investors are myopic, firms do this by choosing short-term projects. We model the manage-
rial compensation channel because public debate on short-termism often includes criticism of
stock-based managerial incentives. Moreover, market monitoring offers significant value to
listed firms. Markets can monitor managers by paying close attention to press conferences,
earnings announcements, and financial statements and by conducting their own independent
analysis, making share price information a valuable tool for improving managerial incentives.?
Nevertheless, our analysis is more general in the sense that the short-termism trap can equally
arise when informative stock prices add value through other channels, such as managerial
learning about project productivity from stock prices.

How quantitatively important is the short-termism trap? Previous literature has estab-
lished that efficient stock prices add value, which, in our paper, occurs through reducing the
cost of the agency problem (the managerial incentive channel). This cost can be large; in gen-

eral it is much larger than the cost of managerial compensation.? In our model the managerial

2There is extensive theoretical literature on the value of market monitoring, pioneered by Holmstrom and
Tirole (1993) and discussed in the survey by Bond, Edmans, and Goldstein (2012). Real-life examples, like Enron
and WorldCom, demonstrate how a lack of market monitoring can lead to poor firm value. These companies
manipulated their financial statements and deceived investors and analysts, resulting in enormous losses for
shareholders.

3CEO pay is typically small compared to firm value. However, the cost of inducing the manager to take the
action that is taken in equilibrium is not a proxy for the cost of the agency problem, except in simple cases such
as a binary effort choice by the agent; see Grossman and Hart (1983). In general, the agent’s action taken is
not the first-best action because that is too expensive or impossible to implement with incentives, so the agency



agency problem is turbocharged by the externality in project duration to lead to potentially
very large value destruction. We benchmark firm value to the value without a stock market
listing and show that the short-termism trap can be so severe that in equilibrium, some firms
choose to remain private, while those that choose to list are subject to so much investor pressure
that excessively short-term project choice offsets all the value of an informative share price.*
In other words, while stock market listings can potentially create substantial value through
price informativeness, up to 100% of this value can be dissipated by the short-termism trap
when investors have sufficiently short horizons (the going-private value creates a floor to firm
value, since any firm can opt out of the stock market).

Shocks to the financial system can exacerbate investor myopia and hence create substantial
value loss. Long-lived investors with limited capital behave as if they have short horizons
because of the opportunity cost of holding existing trading positions for long periods instead
of reusing capital on new positions (Dow, Han, and Sangiorgi (2021)). This opportunity cost
is higher when a shock reduces price efficiency so that trading positions take longer to become
profitable. Therefore, shocks that originate in the financial market will, through the short-
termism trap, transmit to inefficient real investment. Since Dow, Han, and Sangiorgi (2021)
also show that a transitory shock can have long-term effects on efficiency and investor horizons,
it follows that via the short-termism trap, the post-financial crisis economy will perform less
well than before.

The short-termism trap does not depend on managerial myopia. The cause is investor
myopia, but our model also includes the possibility of managerial myopia to allow us to give
a richer set of results when comparing project duration to relevant benchmarks. Because
investor myopia is the underlying cause of the problem, any collective or regulatory scheme
to lengthen managerial horizons (e.g., lengthening option vesting periods) may mitigate, but
cannot eliminate the short-termism trap.

We provide several extensions and comparative statics of our model. First, an increase in
the number of firms leads to shorter-duration projects because the competition for informed
investor capital is more intense. Second, the impact of the agency problem (managers’ horizons
and cost of effort) is amplified by the externality in project duration. Third, we study the
impact of investor horizon. The short-termism trap can be eased when all informed investors
exhibit long-term horizons, but this is not the case when investor horizons are diverse. Suppose
there are enough investors who never liquidate early. In that case, corporate short-termism
is lessened via a clientele equilibrium, where (ex-ante identical) firms divide into two groups:

those that opt for short-term projects and attract short-term investors, and those that select

cost of management may be much higher than CEO pay (Holmstrom and Milgrom (1991)).

40Of course, in the real world, stock market listings may have other benefits in addition to providing an
informative market price (such as adherence to strict disclosure rules). Our point is that the short-termism trap
can destroy up to 100% of the value of having a market price.



long-term projects, thereby drawing long-term investors. By contrast, if long-term investors
are below a critical mass, they have no impact on equilibrium short-termism at all. Fourth, a
salary cap, often proposed as a mechanism to improve the management of listed companies,
may promote short-termism rather than prevent it.

Finally, our model also provides some testable empirical predictions. There is ample em-
pirical evidence that stock-based compensation can lead to value-destroying short-termism
even though stock prices can improve managerial incentives because they reflect the present
value of long-term future cash flows.> Our analysis shows that informational externalities in
financial markets can change the relation between stock-based compensation and corporate
short-termism, and offers several testable implications based on this mechanism.

The paper is organized as follows: In Section 2, we connect our paper to the existing
literature. In Section 3, we describe the model setup. In Section 4, we solve for the financial
market equilibrium given firms’ maturity choices and we solve each firms’ optimal managerial
compensation and choice of project maturities taking other firms’ behaviour as given. In
Section 5, we describe the equilibrium concept, show existence and uniqueness of equilibrium
and we characterize its properties. In Section 6 we study the impact of long-term investors. In

Section 7, we study further empirical and policy implications of our model. Section 8 concludes.

2 Literature

There is a large literature on short-termism. It identifies two main possible sources of short-
termism. First, it could arise because shareholders have short horizons, so that they want to
maximize the share price at the end of their horizon, not the value of projects that mature
later. This may lead them to encourage managers to choose projects that deliver value quickly,
rather than better projects that do not demonstrate value until later.® Second, short-termism
could arise when managers themselves have short horizons (or higher discount rates) and act
in their own interests. If managers own stock or are compensated with a mix of stock and
salary, they have an incentive to choose projects that deliver value quickly, rather than better
long-term projects (Stein (1989)).” Similar outcomes arise when incentives for such managers

are designed optimally in response to contracting frictions (Edmans, Gabaix, Sadzik, and

®See, for example, Bergstresser and Philippon (2006), Gopalan, Milbourn, Song, and Thakor (2014), Asker,
Farre-Mensa, and Ljungqvist (2015), and Brochet, Loumioti, and Serafeim (2015).

SPorter (1992) argues that companies pursue short-term share price appreciations at the expense of the long-
term performance due to the pressure from shareholders’ short-term interests. For example, Bushee (1998) finds
that high ownership by short-horizon investors induces firms’ myopic investment. Gaspar, Massa, and Matos
(2005) find that firms with short-term shareholders tend to get lower premiums in acquisition bids. Cremers,
Pareek, and Sautner (2020) also find that an increase in ownership by short-horizon investors has an incremental
effect on corporate short-termism such as reducing R&D expenses.

"For example, empirical evidence shows that shorter CEO horizon reduces investment and lower firm value
where horizons are measured by expected tenure (Antia, Pantzalis, and Park (2010)), financial reporting fre-
quency (Kraft, Vashishtha, and Venkatachalam (2018), and option vesting periods (Ladika and Sautner (2020)).



Sannikov (2012), Varas (2018)). In that case, corporate short-termism is second-best given
those contracting constraints.®

Related papers include Bolton, Scheinkman, and Xiong (2006) who show that manage-
rial short-termism persists when shareholders optimally induce managers to chase short-term
profits to exploit market over-optimism. In Edmans (2009), blockholders’ trading on private
information causes prices to reflect fundamentals, encouraging managers to invest in valuable
long-run projects rather than chasing short-term profits. Thakor (2021) finds that greater
noise in performance assessment with long-horizon projects leads to higher agency costs and
thus induces a preference for short-termism.

In this literature, however, there is no welfare analysis demonstrating that stock market
short-termism is value-reducing. In those papers that permit a welfare analysis, short-termism
is second best. However, there are three papers demonstrating welfare suboptimal short-
termism via different channels from the stock market. Milbradt and Oehmke (2015) study
debt financing when long-term projects are more likely to default. In response, firms may
shorten project maturity even at the cost of further increasing default risk, initiating a race to
the bottom in which firms choose projects of shorter maturities compared to first-best. Chemla,
Rivera, and Shi (2022) study a model where competition among firms to hire managers leads
to inefficient overcompensation, and furthermore compensation becomes extremely short due
to managerial impatience. In Thanassoulis (2013), firms may be willing to tolerate lower value
short-term projects in order to reduce the cost of compensating impatient managers. Our
paper differs from these papers because of the role of the stock market.

Our paper is also related to the literature on real investment under information asymme-
tries. Generally, prices in all markets in the economy serve to influence economic decisions,
but literature in finance has specifically focused on the feedback effect between an individual
firm’s investment and its own stock price (Dow and Rahi (2003), Bond, Edmans, and Goldstein
(2012), Goldstein, Ozdenoren, and Yuan (2013), Sockin and Xiong (2015)). While producing
private information is helpful in guiding investment, the incentives to produce private infor-
mation are not necessarily optimal. More informative prices may also either help or hinder the
allocation of risk (Dow and Rahi (2003)). The market has a strong incentive to concentrate
on predicting the payoffs of “no-brainer” projects that are so profitable they will surely be
invested in, so the predictions have no social value (Dow, Goldstein, and Guembel (2017)). By
contrast, our paper studies the real impact of competing firms with endogenous managerial

contracting.”

8This is obvious, in the sense that in any model with just a principal and an agent, the optimal contract is
by definition second best.

9There are several papers exploring the role of competition with real investment in rather different contexts.
In Fishman and Hagerty (1989) prices are useful in improving investment policy so shareholders know they will
be able to sell at informative prices, inducing excessive information disclosure as firms’ compete for investor
attention. Peress (2010) argues that monopolists have more informative prices because their stock prices are



There is a stand of literature following the seminal paper by Holmstrom and Tirole (1993),
that studies the effect of stock prices in motivating managers in a model of trading on private
information (e.g., Baiman and Verrecchia (1995), Dow and Gorton (1997), Kang and Liu
(2010), Strobl (2014), Lin, Liu, and Sun (2019), Piccolo (2022)). For example, Strobl (2014)
shows that shareholders may have an incentive to encourage “overinvestment” (in the first-best
sense) in order to make the stock price more informative and improve the managerial agency
problem. In Dow and Gorton (1997), prices combine the two roles of guiding investment and
motivating managers. In Piccolo (2022), managers choose long- or short-term projects, and
the market produces information about the same kind of project; this can lead to multiple
equilibria. These papers show the benefits of stock-based compensation. In our paper, we also
use an agency framework. Project maturity choice is a key variable, unlike the aforementioned
papers, and crucially, we also study the effects of competition among firms for informed trading.
This results in socially sub-optimal short-termism, even though each firm’s managerial contract
and project choice are individually optimal. In other words if there were only one firm in our
model, short-termism would be prevented by stock-based compensation. Our model shows

that this result is reversed under competition for investors.

3 Setup

Consider a three-period economy (¢t = 0, 1,2) with a corporate sector and a financial market.
In the corporate sector, there are firms with a productive technology. In the financial market,
the shares of firms in the corporate sector and the risk-free asset are traded. The risk-free rate

in the economy is normalized to zero.

3.1 Firms

Each firm has risk-neutral shareholders and a risk-averse manager. Initially, we suppose there
is a fixed number of listed firms; later, we will endogenize this. Shares of listed firms are traded
in the stock market as specified in Section 4.

Suppose there are in total M firms indexed by n = 1,..., M, of which a subset of N firms
indexed by n € N are listed. Shareholders of firm n choose the maturity of its project,
T € [0, 1], where the project matures early (¢ = 1) with probability 1 — 7", and late (¢ = 2)

with probability 77.10 So if 7% = 0 the project always matures early, while if 7 = 1 it always

sensitive to information, while in competitive industries profits are so low anyway that there are only weak
incentives to produce information. Foucault and Frésard (2019) argue that firms have an incentive to piggyback
on information that is produced about other firms, and this induces them to prefer making products that are
not differentiated. In Xiong and Jiang (2022), disclosing managerial compensation contracts induces myopic
overinvestment.

0Project maturity choices are observable, so it makes no difference whether it is shareholders or the manager
that choose 7". In Appendix I we consider the case where the choice of 7™ is private information. In this



matures late.
When it matures, the project generates a payoff which is distributed as a liquidating divi-

dend, given by

AV if the project is successful

V= f(r")+ R" where R" = , (1)

0 otherwise
where AV > 0. The first component f(7") is maturity-sensitive and the second component
R™ is sensitive to managerial effort. We assume that output rises with longer maturity: f(-) is
non-negative, increasing, concave, twice-differentiable with f/(0) = co and f/(1) = 0.}! Firms
choose 7"’s simultaneously. Once all firms make their maturity choices, those choices become
publicly observable.

We assume that with probability ¢ € [0,1] each manager exits the economy early (¢t = 1);
this includes the special case § = 0 where managers are long-lived. Managers have limited
liability and an outside option which we normalize to zero for simplicity. Managers’ effort
choice is private information. We denote by e™ the effort level of firm n’s manager which
is either H (“high effort”) or L (“low effort”). Given effort e”, the project succeeds with
probability p(e™), and fails with probability 1 — p(e™). Success is independent across firms. If

the manager exerts high effort, the project is more likely to succeed:

py ife"=H
p(e") = e )
pr ife" =1

where Ap = pg — pr, > 0. The manager’s utility given wage w™ and effort choice e™ is

where K is the manager’s effort cost, and u is an increasing, concave, twice continuously-

differentiable function with «(0) = 0. We further assume that «'(0) = oo and limy,_yo u(w) =

00 to ensure a unique and interior solution.'? We restrict the parameter value of K to be
less than the upper bound K = Aou (Agigv) where the parameter o is defined in the next

scenario, shareholders offer an incentive compatible compensation contract that specifies the maturity 7". The
main qualitative property of the optimal contract, i.e., that shareholders’ wage bill is increasing in 7", is robust
to this extension.

" Throughout the paper, we use the terms “increasing” as synonymous with “strictly increasing”, and “con-
cave” (or “convex”) as synonymous with “strictly concave” (or “strictly convex”). The assumption that
f'(0) = co means the marginal benefit of lengthening maturity is infinity for an extremely short-term project
(i.e., 7" = 0). The assumption that f’(1) = 0 means that the marginal benefit of lengthening maturity 7" is
zero when it is an extremely long-term project (i.e., 7" = 1). Concavity together with these two assumptions is
assumed for simplicity to ensure a unique interior solution.

12The assumption that u’'(0) = oo rules out a corner solution where no compensation is given to managers
even when good information arrives. The assumption that lim. e u(w) = oo prevents the situation where it
is impossible to incentivize managers because their effort cost K is too high.



subsection; if the effort cost is higher than K, all firms will choose to remain unlisted and
implement low effort.!?

Shareholder value of firm n is given by
vV —w™. (2)

The shareholders are long-lived, and maximize expected shareholder value by choosing whether
to be listed, which project to invest in, and which contract to give to the manager. The
cost of incentivizing managers, w™, is borne by shareholders. In contrast, we refer to V"
as “production” or “final payoff.” When we refer to “efficiency,” we mean with respect to

expected shareholder value, henceforth shareholder value for short.

3.2 The Financial Market

In the financial market, participants trade shares of listed firms. The shares of firm n € A are
claims on the firm’s final payoff V™ when it realizes. There is no constraint on short sales.

There is a unit mass of risk-neutral informed investors who either consume early (t = 1),
with probability v or late (¢t = 2), with probability 1 —~. We denote by Z the set of informed
investors in the economy. Each informed investor can produce private information about one
firm in the initial period, ¢ = 0. All the informed investors who investigate firm n € N receive
an identical signal s", which is either good (G) or bad (B). High managerial effort results
in a higher probability that informed investors receive a good signal. We denote by o, the
probability that the signal is good given effort e € {H, L}; the signal is good with probability
og = pr(s" =G |e" = H) given high effort, and op = pr(s" = G |e" = L) given low effort
where Ac =og —op > 0.

We denote by vg and vg the posterior probability of a high payoff conditioning on a good

and a bad signal, respectively. For simplicity, we assume that the signal is a sufficient statistic

13See the proof of Theorem 1.



for the final payoff.'* Equivalently, we assume

PH :Ucug—l-(l—o‘g)I/B; PL :O‘Bug—{—(l—O‘B)VB. (3)

For simplicity, we further assume that og > pp, which means the good signal has a higher
frequency relative to the high final payoff under high effort, and also that

vp + vg
P = (4)

which equalizes investors’ speculative profits whether private signals are good or bad.!?
There are long-lived, competitive, risk-neutral market makers who set prices to clear the
market. There are also noise traders who trade for exogenous reasons such as liquidity needs.
As in case of informed investors, noise traders also consume early or late (with probability
and 1 — =, respectively). In each period, informed investors and noise traders submit market
orders to the market makers. We denote z'(¢) the market order of informed investor i in
stock n € N at time ¢ = 0,1. In the initial period, ¢ = 0, noise traders submit order flow

z?’L

in aggregate for each stock n, which follow an i.i.d. uniform distribution on [—Z,z]. The
parameter Z captures the intensity of noise in the financial market. Next period, at ¢t = 1,
those who got liquidity shocks (i.e., 7y fraction) reverse their orders. Consequently, they submit
—~z" for each stock n at ¢ = 1. In each period (t = 0,1) market makers observe aggregate

order flow for each stock n € A/ such that
Xn(1) = / 2 (0)di + Z2°(1),
1€

where Z"(0) = 2" and Z"(1) = —y2".

“More formally, s™ is a sufficient statistic for (s™, R™) if the posterior distribution of ¢” conditional on

(s™,R™) only depends on s" (see Chapter 9 in DeGroot (1970)). The conditions in Eq. (3) are equivalent to
Pr(R"|s"™,e") = Pr(R"|s"™) because

Pr(R"e™) = Z Pr(R™|s™,e")Pr(s"|e") = Z Pr(R™|s™)Pr(s"|e").
sne{G,B} sne{G, B}

Then, it is immediate that the condition Pr(R"|s",e") = Pr(R"|s"™) is in turn equivalent to the condition that
s™ is a sufficient statistic because Bayes’ Rule implies

_ Pr(R"|s",e™)Pr(e™|s")
N Pr(R"|s™)

Pr(e"|s",R") = Pr(e"|s").
The sufficient statistic assumption in agency theory is introduced in Holmstrom (1979) or Shavell (1979)); for
a textbook discussion with discrete signals see Tirole (2006).

15The assumption that og > pm ensures a unique interior equilibrium by making the expected cost of
compensation well behaved (monotone and convex). The assumption in Eq. (4) equalizes the difference in
absolute value between the posterior and the prior whether the signal is good or bad, i.e., v — py = py — VB.
We do not need this assumption to perform our analysis, but without it the algebra is considerably messier. See
the proof of Lemma 2 for details.
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In our model, informed trading is a scarce resource in the economy.'® To this end, we
make the following assumptions. First, we assume that Mz (the total noise trading intensity)
is greater than one (the maximum possible size of the informed investors’ total order flow).
This ensures that the given mass of informed investors cannot fully reveal the signal for every
firm.17

Second, we assume that each informed investor can hold at most one unit of one stock
(either a long or short position).!® Informed investor i in firm n € A can submit a market
order z(0) € {-1,0,1} at t = 0. If 2}(0) € {—1,1} and firm n liquidates late, informed
investor i can reverse their position in ¢ = 1, or, if they consume late, hold it until ¢ = 2. If
o

an order z'(1) € {—1,0,1} at t = 1.

In addition, we assume that

(0) = 0 and firm n liquidates late and informed investor i consumes late, they can submit

1
z < m, (5)
which ensures that the ratio of noise per unit of informed investors is sufficiently small that for
each listed firm, there are enough informed investors that some of them will choose its stock
so that it will have positive price informativeness, regardless of other firms’ choices (see the

proof of Proposition 1). Furthermore, we assume that

((-1)a-n=1 )

which is a sufficient condition for establishing that listed firms’ maturity choices are strategic
complements (see Proposition 4).19

Finally, we assume that all exogenous random variables in our model are jointly indepen-
dent.

4 Optimal Choice

4.1 Investor Trades and Stock Prices

In this subsection, we derive price informativeness of stocks in the financial market by solving

informed investors’ and market makers’ problems. For this, we assume that all managers of

While we assume the number of informed traders to be fixed, our main results would go through if the
supply of informed trade were elastic, but not perfectly elastic, as discussed in Section 5.

Y71f Mz is small relative to the mass of informed investors, the economy trivially degenerates to one with
fully-revealing prices for every firm.

18Because informed investors are risk-neutral, they will choose the maximum amount of trading even though
they are allowed to trade less than one unit.

9Lemma C.8 in Appendix C shows that a sufficient condition alternative to Eq. (6) is that the manager has
CRRA utility with relative risk aversion close to one.
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listed firms exert effort. In equilibrium, this is true, as firms whose managers exert low effort
have nothing to gain from listing.?°

Market makers set prices given aggregate order flows from informed investors and noise
traders as in the standard Kyle (1985) model. Because market makers are competitive and
risk neutral, the price of each security is its expected liquidation value conditional on market

makers’ information: the price of stock n € N in each period (¢ = 0,1) is given by
P"'(t)=E [V"}]—"(t)] , (7)

where F(t) is the market makers’ information in period ¢.

Prices are either fully-revealing or non-revealing due to the assumption of uniformly-
distributed noise trading. The reason, in brief, is as follows (see, for example, Dow, Han,
and Sangiorgi (2021) for a more detailed discussion). If the order flow is large enough (in
absolute value, whether buy or sell) then it can only result from both informed investors and
noise traders trading in the same direction, so it is fully revealing. But if the absolute value of
order flow is smaller than the threshold value at which full revelation occurs, then it could have
resulted from either informed investors buying and noise traders selling, or vice versa. Because
noise trading is uniformly distributed, any level of the order flow is equally likely regardless of
whether arbitrageurs are buying or selling, so it is non-revealing.

We denote Pj; and Pp' to be the fully-revealing price for good or bad signal, respectively.
We also denote Pj' to be the non-revealing price. We denote A" to be the probability of
information revelation for stock n, which we refer to as the price informativeness of stock n.

We can now show the following result:

Lemma 1. If ™ mass of informed investors trade on private information on stock n € N,

the price of stock n in the initial period, t = 0, is given by

PrLoif —pt =z < XM0) <pt -2
PM0)={ P ifu"—2< X™0)< —p"+2 (8)
Proif —p"+z < X™(0) < pu" + 2,

where
Pr=f(r")+veAV, Py = f(r")+puAV, Pg=f(")+vcAV,

and the probability of information revelation (i.e. the price informativeness) for stock n in the

29Firms that implement low effort are indifferent between listing and not listing, and we assume they don’t
list. This choice would be strictly optimal in the presence of any arbitrarily small listing cost.
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initial period, t = 0, is given by?!
x(0) = = (9)

Proof. See Appendix A. |

Given informed investor i’s choice to produce information on stock n, we can represent the

maximization problem as follows:?

Jy = 0 oy E[P™(0)[s"]27 (0) + L™ (s")27(0) + (1 — y)E[JT' (27 (0), P"(0))[s"], (10)
where

I™(s") = (1 - 7)E[V"]s"] + TE[P"(1)]5"),
and

Ji' (@, P*(0)) = E[V"|s"]a} + (1 — |2f'[) ~max  E[(V" —P"(1))[s", P"(0)]z(1).
a7 (1)e{~1,0,1}

In other words, I'"(s™) is the expected value of an early-liquidated unit of position in stock
n conditional on s", and J{*(z}, P™(0)) is the expected continuation value at ¢t = 1 for a late
consumer given the position z]' in the previous period and conditional on s™ and P"(0). In
case the informed investor waits one period (i.e., z]'(0) = 0), they will trade in ¢ = 1 only if
the firm’ project pays off late (with probability 7") and if P™(0) is non-revealing. On the other
hand, the continuation value of a non-zero position z? in ¢t = 0 is simply E[V"|s"]2?.2

The next lemma shows that the problem can be greatly simplified: first, all informed
investors choose to trade at ¢ = 0; second, the value function reduces to a much simpler
expression; and third, the price at ¢ = 1 does not contain additional information because there

is no further informed trading.?*

2In the general case, the notation for price informativeness should be

A™(0) = min <§1)

If © > z (the mass of informed investors who have private information on stock n is greater than the intensity of
noise trading), A" (0) is equal to one. But such case never arises in equilibrium because it would be incompatible
with informed investors’ incentives, as is clear from Proposition 1. Therefore, we use the notation in Eq. (9) for
convenience.

22The assumption in Eq. (4) equalizes speculative profits regardless of signal realization. Therefore, we omit
the dependence of Jg and Ji* on s™ to simplify notation.

231f the firm’ project pays off late and P™(0) is non-revealing, the informed investor could close the position
early in t = 1 instead of holding it until ¢ = 2. However, the proof of Lemma 2 shows that closing the position
early is never optimal.

24Because informed investors are constrained and choose to trade at t = 0, they are not able to engage in extra
informed trading in the subsequent period (¢ = 1); they either already hold maximum positions if information
is unrevealed, or do not have any informational advantage otherwise. Consequently, only those with liquidity
shocks reverse their positions, thus, prices do not contain additional information at t = 1.
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Lemma 2. Fach informed investor i who receives signal s™ on stock n € N always finds it

optimal to trade att =0, and the expected value of trading stock n in Eq. (10) is equal to
Jo = (1 =A"0))(1 —17")AP, (11)
where AP is the mispricing wedge such that

AP =P - By = By — Pp = =22 AV,

Further, the price next period, t = 1, does not reveal further information, i.e., \"(1) = 0.
Proof. See Appendix A. |

Because the stock market is only informative in the initial period, ¢ = 0, we suppress
dependence of \"*(t) on period t; henceforth, we denote firm n’s price informativeness at ¢t = 0
by A" instead of A\"(0).2

Now, we move on to the the choice of information acquisition at ¢ = 0. The expected
trading gains on each stock, as expressed in Eq. (11), should be equalized across all listed
stocks in equilibrium. If they were different, all informed investors would instead gather pri-
vate information only on those with higher expected trading gains. That is, the indifference

condition JJ = JJ* must be satisfied for any pair of stocks m,n € N, or equivalently,?°
(I=A"A=97") = (1 =A")A =~7"), (12)

which describes the equilibrium trade-off between mispricing and duration. Informed investors
like mispricing but dislike longer duration; so an increase in duration must be compensated
for by an increase in mispricing, and vice versa.

Furthermore, because there is one unit mass of informed investors (3, - ¢ = 1), we also

25In real life, prices may be informative every period adding more information over time, but we shut down
the channel of this secondary information revelation for simplicity. Under the setup where prices are informative
in each period, higher price efficiency creates two confounding effects. On the one hand, higher price efficiency
reduces trading benefits by lowering the chance of acquiring the position at dislocated prices. On the other
hand, higher price efficiency increases trading benefits by reducing the maturity of investment due to faster
convergence of prices to fundamental value. In our paper, we focus on the former effect by shutting down the
latter effect because we are interested in exploring competition for informed trading among firms. See Dow,
Han, and Sangiorgi (2021) for the analysis on this trade-off.

26This is analogous to the indifference condition for informed investors in Dow, Han, and Sangiorgi (2021),
where informed investors’ preference for shorter duration arises from the opportunity cost of capital. The
difference is that here, informed investors prefer shorter horizons due to the possibility of early liquidation. A
similar condition arises in Shleifer and Vishny (1990), but with exogenous duration and in a model without
private signals.
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have the following condition in equilibrium, which we call the informational resource constraint:

> -

neN

Q| =

(13)

Using the results so far, we can show that, given maturity choices, there is a unique allo-

cation of information acquisition that satisfies the two constraints.

Proposition 1. (Financial Market Equilibrium) Given {7"},cnr, there exists a unique positive
solution {\"}nen that satisfies both the indifference condition Eq. (12) and the informational
resource constraint Eq. (13). Furthermore, A" is decreasing and concave in 7", and is increas-
ing in 7™ for m € N'\ {n}.

Proof. See Appendix A. |

The proposition shows that, fixing other listed firms’ maturity choices, a listed firm’s price
informativeness increases as the firm shortens its own maturity due to investors’ preference
for shorter maturities. Furthermore, there is a spillover effect because a decrease in one firm’s
maturity decreases other firms’ price informativeness. Because the mass of informed investors

is limited, firms compete for price informativeness.

4.2 Listed Firms’ Optimal Managerial Compensation

In this subsection, we derive the optimal managerial compensation contract of each listed firm.
In case the price reveals the signal of informed investors, managerial compensation depends only
on the signal because it is a sufficient statistic for the final payoff (see, for example, Holmstrom
(1979) or Shavell (1979)). In case the price does not reveal the signal, managerial compensation
depends on the final payoff whenever possible (either because the manager remains until ¢t = 2,
or the manager exits at ¢ = 1 and the firm’s project also matures at ¢ = 1).

Hence, there are only five states relevant for the contract: (i) the price reveals the sig-
nal to be good (w = @), (ii) the price reveals the signal to be bad (w = B), (iii) the
price is non-revealing and the manager stays until a successful outcome (w = ), (iv) the
price is non-revealing and the manager stays until an unsuccessful outcome (w = F), (v) the
price is non-revealing and the manager exits before the outcome is realized (w = (}). A con-
tract will therefore specify non-negative payments corresponding to each of those five states
{wg,w%,wg,w},w&}} (we will show that three of these payments must optimally be set to
7€ero).

Consider firm n € N offering a contract to its manager that induces high managerial effort.

We solve the optimal contracting problem taking maturity choice 77 and price efficiency A" as
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given. The shareholders’ wage bill, denoted by E [w"], is given by

Ew"] =" (ocqgwg + (1 —og) wph)

(14)
(1= A [(1 = 07" (prwh + (1 — pr) w) + S7"wf]

An optimal contract {w/, wi', wg", wir, wé”} solves the following optimization problem

that minimizes the shareholders’ wage bill:

WwWn(r™) = min E [w"], (15)

{wp iy witwp wp'}

subject to (i) the manager’s participation constraint (PC):

{ Noqu (w) + (1 - 06) u (wp) } LK (6)
+@=A") [ =07") (pru (w§) + (1= pr) u (wh)) + 67" u(wp)]
and (ii) the manager’s incentive compatibility constraint (IC):
A'Ao (u(wg) —u(wp)) + (1= A") (1 = 67")Ap (u(wg) —u(wk)) > K, (17)
and (iii) the limited liability constraint (LL):
Wi W, wl, wh, wf > 0. (1)

The solution to the optimization problem in Egs. (15)-(18) is described by:

Proposition 2. (Optimal Managerial Contract for listed firms) Given 7", wheren € N, there
exists a unique optimal contract. For this contract, wg' = wi' = wy" =0 and wg" > wg" >0

where wg' and wg' simultaneously solve

AN'Aou (wit) + (1= A" (1 = 67") Apu (wg') = K (19)
ocApu' (W) = Aoppu’ (wE). (20)

Furthermore, the shareholders’ wage bill W™ is increasing and convex in ™", and its first-order

derivative is given by

O O oW (wig) — o (1 67 ()] — (1~ X)opy W) >0, (21)

where U(-) is a negative, decreasing, weakly concave function such that
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Proof. See Appendix B. |

Together, Propositions 1 and 2 show that firms with shorter maturity anticipate a lower
agency cost. The optimal compensation in state w = G and w = S is determined by Egs. (19)-
(20), where Eq. (19) is the IC constraint, and Eq. (20) is the optimality condition that equates
the marginal costs across the two states. The RHS of Eq. (21) represents the marginal effect
on the wage bill of increased project maturity. The first term is due to the impact of decreased
price informativeness (decreased A" from the increase in 7" due to Proposition 1). This effect
is positive because it is more costly for shareholders to provide incentives when the price is less
informative. The second term is due to the manager’s impatience in case of positive . This
effect is also positive because it is more costly for shareholders to provide incentives with later

payments when the manager may exit early.?”

4.3 Listed Firms’ Choice of Project Maturity

In this subsection, we solve each listed firm’s maturity choice problem, given endogenous price
informativeness, as derived in Section 4.1, and the optimal contract, as derived in Section 4.2.

Recall that each firm’s production function is increasing in project maturity (Eq. (1)). In
financial market equilibrium, price informativeness increases as the firm shortens its project
maturity (Proposition 1); informed investors are willing to accept lower speculative profits
at shorter maturities because the possibility of a liquidity shock makes them prefer short-
horizon stocks. Also, the optimal managerial contract has a lower wage bill at shorter project
maturities (Proposition 2).

By the previous results, we can represent the optimization problem of the firm’s sharehold-

ers in Eq. (2) as

max V"'(r") —W"(t"), (22)
T7€(0,1]

where V" (7™) is the expected value of the final payoff given high managerial effort and maturity

choice 7" as in Eq. (1):
VU = f(7") + pu AV,

and W™(7") is the wage bill under the optimal contract given 7" as defined in Eq. (15).

2"0ur model emphasizes that short-term projects allow firms to provide superior incentives due to their
superior informativeness. We acknowledge that in more complex dynamic settings, long-term assets may offer
repeated informative signals. Nonetheless, these signals do not automatically equate to better incentive schemes
due to (i) the reduced per-period informativeness of long-term assets, which can even lead to reduced total infor-
mativeness aggregating over all periods, as in Dow, Han, and Sangiorgi (2021), and (ii) managers’ impatience,
which reduces the value of repeated signals from long-term projects.
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We can now show that there exists a unique choice of project duration that maximizes
shareholder value. This choice is determined by the trade-off between production efficiency

and agency costs.

Proposition 3. (Optimal Maturity Choice) Given the choices of other firms’ project duration
{Tm}me/\[\{n}, there exists a unique interior solution 7™ for each firm’s project duration that

solves in the optimization problem in Eq. (22). Furthermore, T solves

P = P oW s) — pr (1= 5T W] — (1= X)opmr (), (23)

where wg' and wg' simultaneously solve:

AN Aou (wit) + (1= A" (1 = 67) Apu (wg') = K

oaApu' (wg") = Aoppu (wg').
The shareholder value for firm n € N is given by
S = f(1*") + pg AV — [Nogwg + (1 — A") (1 — 07™") ppwd?]. (24)

Proof. See Appendix C. |

Eq. (23) is the first-order condition for the optimization problem (derived from Egs. (1)
and (21)), whose LHS is the marginal change in the firm’s production, and the RHS is the
marginal change in the expected cost of compensation. Note that we suppress dependence of
A", wgt and wipt on 7 to save on notation.

How does a firm’s maturity choice affect other firms? The next proposition provides the

answer:

Proposition 4. (Strategic Complementarity) A firm’s optimal maturity choice T*™ in Propo-

sition 8 is increasing in other firms’ maturity choices, that is,

or*"

arm

>0 forallme N\ {n}.

The proposition establishes that firms’ maturity choices are strategic complements:?® when
one firm chooses a shorter maturity project, the other firms want to do the same. Intuitively,
when a firm shortens its project maturity, it increases its price informativeness at the expense
of other firms’ price informativeness (Proposition 1). Thus, other firms’ agency cost goes up,

increasing their marginal benefit of shortening project maturity to regain price informativeness.

28The proof of Proposition 4 shows that the game played by firms at the maturity choice stage is a supermod-
ular game, i.e., a game of strategic complementarities (Topkis, 1998). In a supermodular game, best responses
are increasing.
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4.4 Unlisted Firms and the Listing Decision

In equilibrium, all managers of unlisted firms exert low effort because, conditional on im-
plementing high effort, a firm can improve value by listing and using the stock price as an
informative signal of managerial effort in the compensation contract. Hence, a firm would
never decide to remain unlisted with high effort.

Unlisted firms do not need to provide incentives, so they choose long-term projects (7 = 1)
and obtain high value with probability p;. Therefore, shareholder value for unlisted firms,
denoted SY, is

SY = f(1) + prAV. (25)

A firm’s listing choice is based on the comparison between S$*" in Eq. (24) and SY in
Eq. (25), taking all other firms’ choices as given. Thus, listing is optimal for firm n € A if
S > 8V and not listing is optimal if SY > S*" (in this case S*” is shareholder value if the
firm were to list). This includes the possibility that firms are indifferent. When analyzing
this case, we ignore the integer constraint on the number of firms and consider it a continuous

variable for analytical simplicity.?”

5 Equilibrium

This section describes the equilibrium concept, shows equilibrium existence, and characterizes

equilibrium properties.

5.1 Definition and Existence

We define equilibrium as follows:3°

Definition 1. An equilibrium consists of a number N of listed firms, project maturity choices
{7 }nen, price informativeness {\" }nenr, and compensation contracts {w" }nens such that,
1. Ghven the choices of other firms {Tm}mef\/\{n}7 shareholders of each firm n € N choose
maturity T to mazximize the firm value in Eq. (22).
2. Given {17"}nen, price informativeness {\" }pen satisfies the indifference condition Eq. (12)
and the informational resource constraint Eq. (13).
3. Given T and \", shareholders of each firm n € N choose contract w™ to minimize the

expected cost of managerial compensation in Eq. (15).

29This simplifying assumption is prevalent in the economics literature (e.g., Perry (1984), Dye (1993), Harris
and Raviv (2008)).

30 Although they are determined as part of equilibrium, we drop some less important ingredients for brevity in
Definition 1. For example, realizations of prices and order flows are not needed because only price informativeness
matters for the equilibrium choice of project maturities.
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4. Firms’ listing decisions are optimal as described in Section 4.4.

We focus on pure strategy equilibria for our analysis.?! In case some firms remain unlisted,
consider listed firms only. Because their payoff functions are symmetric and their best responses
are increasing in project duration (Proposition 4), any pure strategy equilibrium must feature
symmetric maturity choices among listed firms. Then price informativeness should be identical
across all listed firms due to the indifference condition Eq. (12); the informational resource

constraint Eq. (13) therefore implies that price informativeness should be equal to

1
)\":N—Z for all n € N. (26)

If an individual listed firm increases its project maturity, it loses informed investors and its
price informativeness decreases, as shown in Proposition 1, i.e., OA"/97™ < 0 for all n € N.
However, if all listed firms do so by the same quantity, there is no change to informativeness
because the total mass of informed investors is fixed (Eq. (26)); attracting informed trade is a
zero-sum game.>?

Consider any individual firm n € AN choosing its level of maturity 7"* when all other listed
firms choose the same maturity 7*. If 7" = 7 satisfies the first-order condition in Eq. (23), 7*
is an equilibrium maturity choice. We can show that such an equilibrium 7* exists, is unique,

and is interior.

Theorem 1. There exists a unique equilibrium. There is a critical value v* for investor short-
termism such that all firms list if v < ~*, whereas some firms remain unlisted otherwise. The
equilibrium project maturity choice for listed firms is symmetric and interior, and satisfies

Fr7) = 0" lo¥(we) — pu (1= 67y W] - (1= 2 ) dpblus), (@1

where ©(7*), the sensitivity of price informativeness to project maturity, is given by

o(r*) = —7(%2;(11)(_]\;27:)1) <0, (28)

and wg, and wg simultaneously solve

Nizmu () + <1 - J\é) (1= 67) Apu (wh) = K (29)
ocApu' (ws) = Aoppu' (w§). (30)

31BEchenique and Edlin (2004) show that when a game with strategic complementarities has mixed strategy
equilibria, these equilibria are unstable. This justifies our focus on pure strategy equilibria.

32G8trictly speaking, since the payoffs are not fixed in total, the game itself is not zero-sum, but the amount
of informed trade is fixed so intuitively, if we regard informed trade as the reward, it is a zero sum game.
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Shareholder value for each firm is given by

1

S*= f(t7) 4+ pg AV — L\}Zangv + (1 — Nz> (1—=967%) prg] . (31)

Proof. See Appendix D. |

Whether firms list depends on the value of market monitoring that comes from an infor-
mative share price. For v < ~*, all firms opt for listing, and the equilibrium shareholder value
S* exceeds SU (the value of unlisted firms in Eq. (25)). Figure 1 provides an illustration. The
incremental value S* — SY | resulting from listing, illustrates the benefits of market monitoring:
informative stock prices enable firms to provide better incentives and implement the high level
of managerial effort, thereby increasing firm value.?3

However, the short-termism trap can destroy this value. As illustrated in the left panel of
Figure 1, S* falls as investor short-termism intensifies (i.e., as v increases), due to heightened
competition among firms for price informativeness. Once investor short-termism exceeds v*,
as illustrated in the right panel of Figure 1, some firms choose to remain unlisted; firms are
indifferent between listing or not, so equilibrium shareholder value equals SY. In other words,
when v > ~*, the short-termism trap completely nullifies the value of market monitoring at
equilibrium. This is because listed firms are subjected to such intense investor pressure that
the choice of excessively short-term projects offsets all the benefits derived from an informative
share price.

Intuitively, the critical value for investor short-termism +* depends on the intensity of the
agency problem, quantified through the managerial effort cost K, and +* is less than one only

if K is sufficiently large.34

5.2 Benchmark Cases

We study two benchmark cases: (i) firms must induce high effort without stock market prices,
(ii) a coordinated benchmark where listed firms coordinate their project maturity choices.
To have a more interesting comparison, we focus on parameter values where managers are

impatient (6 > 0).3° Existence and uniqueness of equilibrium as well as their equilibrium

33More generally, we can define the value of market monitoring as the difference between S* and the greater
out of the unlisted value (low effort), and the value if firms were forced to implement high effort without relying
on an informative share price, which we define in Section 5.2.1 and denote S¥¥ (Eq. (34)). Thus, the value
of market monitoring equals S* — max{S U SEP }. For the parameter values in Figure 1, market monitoring is
necessary to implement the high level of managerial effort, that is, SY > SEF.

34In the proof of the theorem, we establish two values K1, Ko, such that 0 < K1 < Ky < K. If K is less than
or equal to K1, v* =1 and all firms decide to list. For K between K; and K2, v* € (0,1) and, therefore, some
firms opt to stay unlisted at sufficiently high v values. If K exceeds K3, some firms remain unlisted for all ~y
values.

3%Without impatience (§ = 0), in the cases of both benchmarks, firms will choose the maximal maturity
7" = 1 because reducing 7 to provide early compensation does not improve the manager’s utility, hence does
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Figure 1: The Impact of Investor Short-Termism on Equilibrium Shareholder Value
and Listing Decisions. Parameter values: pg = 0.4;05 = 0.85; Ap = 0.35; Ac = 0.8; M =
10;Z = 1/9; K = 1;0 = 0; AV = 10. The maturity-sensitive component of a firm’s output is
f(7) = /1 — (1 —7)2, and the utility of a manager given wage w is u(w) = w!~® with a = 0.8.

characteristics can be trivially proven as special cases of Theorem 1.

5.2.1 High Effort without Price

Suppose that firms could only use the final payoff to incentivize managers to exert high effort,
without using the share price. We call this the “effort without price” benchmark. Note that
this differs from the unlisted value, because firms only choose to remain unlisted if they decide
not to induce high effort.

In this benchmark, each firm’s maturity choice 72 should satisfy the first-order condition
in Eq. (23) assuming A" = 0 and OA" /07" = 0, which is equivalent to

fI(rP0) = —8pr¥(wg"), (32)

where wgP solves
(1 - 67"F)Apu (w§”) = K. (33)

not reduce the wage bill. Note that our main message, that there is a race to the bottom in project duration,
remains robust when managers are long-lived; however, the comparison to the benchmarks is not as rich.

22



The shareholder value for each firm is given by
SEE = f(rPP) 4 py AV — (1- 57‘EP) prwE?. (34)

To understand this benchmark, compare firms that choose to remain unlisted to the bench-
mark of effort without price. If effort cost is low enough, all firms will choose to list in equilib-
rium, and the effort without price benchmark corresponds to forcing firms to remain unlisted,
in which case they would want to induce effort anyway using only the final payoff. If effort
cost is higher, the effort without price benchmark corresponds to forcing firms to be unlisted
and induce high effort.36

5.2.2 Coordinated Project Maturity Choice Benchmark

We consider a benchmark where listed firms coordinate their project maturity choices and
internalize the externality of project maturity on other firms. In this restricted sense, this
coordinated project choice provides a constrained-efficient benchmark.?” In this benchmark,
project maturity is chosen uniformly across listed firms to maximize their aggregate shareholder
value in Eq. (22):

N
max V() —W"(r)], (35)

7€[0,1] ot
Because project maturity varies for all listed firms uniformly, there is no reallocation of
informed trading across firms, i.e., the sensitivity of informed trading is zero and price infor-
mativeness is equal across all stocks, and is given by Eq. (26). Then, the coordinated project

duration, denoted by 7€ satisfies the first-order condition

1
(9B = - (1 —~ NZ) Spr ¥ (w§?), (36)
and wgB and wgB simultaneously solve
1 1
- Aou (u@?) + (1 _ NZ) (1= 57°P) Apu (wGP) = K (37)
oaApu' (w§P) = Aoppu’ (wEP). (38)

36More formally, it can easily be shown there exists a critical value Ky for the effort cost such that SV < SEF
if and only if K < Ko, where SV and S¥¥ as defined in Eqs. (25) and (34) respectively. Since Ko < K (see
Footnote 34), all firms choose to list for K < K.

3TEquivalently, we can think of a social planner who chooses listed firms’ project maturities to maximize their
aggregate shareholder value taking asset price informativeness in Egs. (12)-(13) as given. The planner also faces
the same agency problem faced by firms.
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Each firm’s shareholder value is given by

SOB = (+°B) 4 pyAV — [leagwgB 4 (1 - le> (1—67B) prulB|.  (39)

This coordinated project maturity choice benchmark (henceforth coordinated benchmark)
has several equivalent interpretations. First, it is as if informed investors were allocated ex-
ogenously in equal proportion to all listed firms, resulting in A\ = 1/(NZ) being fixed and
OA"/Ot™ = 0 in the first-order condition of Eq. (23). Second, it is as if investors had long
horizons (7 = 0), making O(7*) equal to zero in Eq. (28).

5.3 Excessive Short-Termism

We now compare equilibrium to the effort without price benchmark (Section 5.2.1), and to the
coordinated benchmark (Section 5.2.2).3% In the following discussion, when we refer to equi-
librium project maturity, we mean project maturity of listed firms. The comparison illustrates
the interaction among different economic forces. First, using stock prices allows a firm to in-
centivize the manager more efficiently. Thus, using price signals enhances firm value. Second,
price informativeness reacts to maturity choices. Thus, shorter maturity is advantageous to
an individual firm because it attracts informed investors, fixing other firms’ maturity choices.
Third, other firms also have an incentive to shorten their own project maturity. But, this just
leads to a race to the bottom where there are no winners, only losers: firms have inefficiently
short maturities, but still have exactly the same price informativeness as they would have
without competition for informed trade.

The first-order conditions (Egs. (27), (32) and (36)) describe the trade-off between produc-
tion efficiency and agency cost in the three different cases. In each equation, the LHS captures
the marginal change in production with respect to a change in project maturity and the RHS
captures the marginal change in agency cost with respect to a change in project maturity.

In the effort without price benchmark, the RHS in Eq. (32) shows that pursuing a longer-
term project increases the agency cost when the manager is impatient (0 > 0). In the co-
ordinated benchmark, price informativeness dampens this effect. This is illustrated by the
coefficient (1 — 1/(INZ)) in the RHS of Eq. (36). With probability A" = 1/(NZ) the price is
informative, allowing the manager to be rewarded in the short term even if the project has not
matured.

This allows the firm to pursue longer term projects without impairing incentives, thereby
enhancing value. We call this the “price information effect.” It is an example of the effect that

has been highlighted in previous literature (e.g., Holmstrom and Tirole (1993)): stock prices

38To be clear, the number of listed firms in the coordinated benchmark is taken to be the equilibrium number
of listed firms from Theorem 1.
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are useful for monitoring managers.

On the other hand, in equilibrium, the first term on the RHS of Eq. (27) captures the
impact on agency costs of competition among firms. Individually, a firm can enhance value
by shortening project maturity to attract informed trade and thereby reduce agency costs
(Eq. (23) and Proposition 3). However, this creates a negative spillover effect to other firms,
and does not result in any benefit in equilibrium once others’ reactions are endogenized. That
is, price informativeness is still at the same level \* = 1/(NZz) for all n € N, but project
maturities are overly shortened as a result of competition.?® This leads to a loss in value. We
call this the “competition for informativeness effect.”

The following theorem summarizes the result.

Theorem 2. (Excessive Short-Termism) The coordinated benchmark has the longest maturity,

1.€.,

7¢B > max (T*,TEP) )

Furthermore, equilibrium has shorter maturity than the effort without price benchmark (TEP >
7*) if and only if the competition for informativeness effect dominates the price information

effect, i.e.,

O(r) loa(ut) ~ pu (1~ 377) W) > o | (1= 72 ) wwp) - w@h)] . (10

Proof. See Appendix E. |

The coordinated benchmark has a longer maturity than the effort without price benchmark
because of the price information effect: shareholders can lengthen project maturity using stock
prices while still giving good managerial incentives. However, informed traders can switch
between firms and are attracted to shorter-term projects. Recognizing this, firms can make
their stock prices more informative by choosing projects that are more likely to mature early
(the competition for informativeness effect). This offsetting effect may be strong enough that
firms choose maturities that are even shorter than if they had no stock market listing at all.
The LHS of Eq. (40) reflects the competition effect (the first term in Eq. (27)), and the RHS
reflects the price information effect (differentials between Eq. (32) and the second term in
Eq. (27)). Figure 2 shows examples under different values of ~.

Shorter term projects in our model have lower final payoffs because f(7) is increasing in 7.

39Tf the number of informed traders was endogenous, as opposed to fixed as in our model, informed trading
would increase when maturity was reduced. However, as long as informed traders’ entry was not perfectly
elastic there would remain a spillover effect, causing a larger marginal benefit to the individual firm from
reducing maturity compared to the marginal change in the total value of all firms (as in Eq. (35)). Thus, our
results on excessive short-termism would remain robust.
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Figure 2: Equilibrium Maturity Choice vs. Maturity Choices under Different
Benchmarks. Parameter values: pg = 4,06 = .85,Ap = 35,Ac = 8, K = 1,N =
10,z = 1,6 = .5,AV = 10. The maturity-sensitive component of a firm’s output is
f(r) = /1= (1—7)2, and the utility of a manager given wage w is u(w) = w!'~ with
a = 4. The dashed (solid) line shows the marginal change in wage bill under v = .8 (y = 4).
The maturity choice is determined where the marginal change in the wage bill equals that in
production. The equilibrium maturity choice 7* becomes shorter with shorter investor horizons

(vy=8).

Therefore, we have f(7¢B) > f(rFF) > f(7*) in case 7¢F > 7PF > %, equilibrium has the
smallest production of output compared to the two benchmarks. To address overall efficiency,

the next theorem nets off managerial compensation.
Theorem 3. (Constrained inefficiency) Shareholder value for each firm across different cases
s ranked as

SEP < 6% <« OB,

The theorem shows that firms would improve shareholder value if they lengthened their
maturities in a coordinated manner. In this sense, equilibrium is constrained inefficient, and
shareholder value is suboptimally low due to competition for informed trading. This is because

firms are competing for a fixed amount of informed trading. They do this by choosing short-
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term projects. This is also parallel with the classical idea of the “tragedy of the commons” (e.g.,
Hardin (1968), Levhari and Mirman (1980)) where individuals, who have access to a common
pool of resource but do not internalize their externalities, end up with a tragic overexploitation
of resource (such as fisheries, irrigation systems). In our model, informed trading is the common
resource which can be used for more informative managerial compensation schemes.

The theorem also shows that, despite the short-termism trap, equilibrium shareholder value
exceeds that in the effort without price benchmark. This is immediate because listed firms

always have the option to disregard price information in their compensation contracts.

5.4 Comparative Statics
5.4.1 The Impact of Increased Competition

According to conventional wisdom, competition makes firms leaner, in other words, more
efficient and more profitable (e.g., Porter (1990)). In the literature on optimal contracting,
however, it has been noted that increased competition may not always lead to an improvement.
More competition in product markets may increase agency costs (e.g., Nalebuff and Stiglitz
(1983), Scharfstein (1988), Hermalin (1992), Schmidt (1997), Raith (2003)). We also use an
agency framework, but we study a different channel for competition. In a highly competitive
industry, not only are firms desperate to attract buyers, they are also desperate to attract
investors. Firms compete for informed investors who have industry-specific knowledge and
limited trading capital.

We can show analytically that more intense competition leads to increased short-termism.
In our comparative statics, we consider the case where all firms list (i.e., N = M) and fix the
product Mz to be a constant to keep the quantity of informed trade per firm (relative to noise
trade) at the same level.*® Because an increase in M is compensated by a decrease in Z, the
equilibrium price informativeness is unchanged regardless of the level of M, thus, equals that
in Eq. (26).

Proposition 5. (Competition) Consider the case where all firms list. Fizing MZ, higher
competition induces more short-termism and lower shareholder value, i.e., 7™ and S* decrease

in M. By contrast, the coordinated benchmark has no change in 7¢8 and SCB.
Proof. See Appendix F. |

Our prediction is broadly consistent with empirical findings in the literature. There is some
evidence that product market competition can induce short-term pressure (e.g., Aghion, Van
Reenen, and Zingales (2013), Acharya and Xu (2017)).

40The result in Propositon 5 on equilibrium short-termism is unchanged if we vary M with Z fixed and consider
both cases where all firms list and some firms remain unlisted. In this general case, 7* and S™ decrease in M in
case all firms list, and are unaffected by M when some firms remain unlistedd. See the proof of Proposition 5.
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5.4.2 The Impact of Shorter Investor Horizons

The comparative statics of the equilibrium with respect to investor horizons are particularly

important because they tell us about the effects of shocks that may perturb investor horizons.

Proposition 6. (Investor short-termism) A shift in investor preferences toward early consump-

*

tion induces more short-termism and weakly lower shareholder value, i.e., T is decreasing in

v, and S* is weakly decreasing in vy. By contrast, the coordinated benchmark has no change in
768 and S¢B.

Proof. See Appendix F. |

When investors become more short-term oriented, they become more responsive to a firm’s
decrease in project maturity. As a result, the sensitivity of price informativeness O(7*) in
Eq. (28) becomes more negative as v increases. That is, the competition for informativeness
effect becomes more pronounced, resulting in more excessive corporate short-termism. As
equilibrium project maturity decreases further compared to the coordinated benchmark value,
shareholder value decreases. Figure 1 provides an illustration.

Dow, Han, and Sangiorgi (2021) show that investor short-termism emerges endogenously
because of capital constraints. A shock that reduces price efficiency increases the opportunity
cost of investing in long-term assets. This makes long-lived but capital-constrained informed
investors behave as if they were more short-term oriented (i.e., as if v was larger). Therefore, we
can interpret the comparative statics in Proposition 6 as a change in market conditions: shocks
that originate in the financial market can propagate to the real economy when firms compete
for informed trading. So a shock that reduces investor capital, which is then manifested as
increased investor myopia, can lead to more short-termism in project selection as we show in
this paper. Since Dow, Han, and Sangiorgi (2021) also show that a transitory shock can have
long-term effects on efficiency and inverstor horizons, it follows that via the short-termism

trap, the post-financial crisis economy will perform less well than before.

5.4.3 The Impact of More Severe Agency Problems

Managerial effort cost and impatience aggravate the managerial agency problem even with a

single firm, and this effect is multiplied by the externality in project duration.

Proposition 7. (Amplification of the agency problem) Consider the case where all firms list.
An increase in managers’ impatience or effort cost induces more short-termism and lower
shareholder value in equilibrium, i.e., 7% and S* decrease in § and K. This effect is larger than

the corresponding effect in the coordinated benchmark.

Proof. See Appendix F. |
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As the agency problem becomes more severe, equilibrium becomes more short-term. In
contrast to the comparative statics results in Propositions 5 and 6 that leave the coordinated
benchmark unaffected, a more severe agency problem decreases project maturity in the co-
ordinated benchmark also. However, because firms’ project maturity choices are strategic
complements (Proposition 4), there is an amplification effect in equilibrium that is absent in
the coordinated benchmark. That is, equilibrium short-termism is more sensitive to agency
cost parameters compared to the coordinated benchmark.*!

By the same token, lengthening the horizon of all investors mitigates the short-termism
trap and raises shareholder value. However, this may not be the case if only some investors

have long horizons, since Proposition 7 relies on all investors having identical horizons.

6 Extension: Introducing a fraction of Long-Term Investors

A recent trend among some investment managers is to pursue long-term value, often as part of
an ESG commitment. For example, in a joint statement in March 2020, large public investors
including Japan’s GPIF (Government Pension Investment Fund), CALSTRS (California State
Teachers’ Retirement System) and the UK’s USS Investment Management, wrote “asset man-
agers that only focus on short-term, explicitly financial measures, and ignore longer-term
sustainability-related risks and opportunities are not attractive partners for us.”4? From our
results above (Proposition 7), we know that if all investors have longer horizons, the short-
termism trap will be mitigated. But what if only a subset of investors commit to long horizons?

Our results in this section are that long-term investing has no impact on project maturity
until it exceeds a critical mass. Even though long-term investors shun short-termist firms,
other investors can simply fill that void. This is in line with recent empirical findings that the
impact of ESG investing on firms’ cost of capital is too small to have any meaningful impact
Berk and van Binsbergen (2021)). On the other hand, if the mass of long-term investors is
sufficiently large that they are marginal investors for all firms, project maturity reverts to
the coordinated benchmark and the short-termism trap disappears. In between, there is an
intermediate case. When the mass of long-term investors is in this intermediate range, firms
choose different project maturities to cater to different investor clienteles. In this case, some
firms choose fairly long-term projects and are held by long-term investors, while other choose
shorter-term projects and are held by short-term investors. This is only a partial solution to

the liquidity trap however, in the sense that even the longer term projects are shorter than

4“1'When some firms remain unlisted, 7* and N must adjust to an increase in § or K so that firms are indifferent
between listing and not listing. In this case, the proof of Proposition 7 shows that an increase in § or K reduces
the number of listed firms N so that shareholder value does not change with § or K, but the effect on listed
firms’ project duration is ambiguous.

42«Joint statement on the importance of long-term, sustainable growth”at https://www.gpif.go.jp/en/
investment/Uur_Partnership_for_Sustainable_Capital_Markets_Signatories .pdf
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those in the coordinated benchmark, and shareholder value is not as high.

Suppose that a fraction p of “long-term investors” stay in the economy until ¢ = 2 (i.e.,
until all projects pay off). The remaining fraction 1 — p are “short-term investors” who may
exit the economy in t = 1 with probability v, as in our original model. For simplicity, we focus
on parameter values such that all firms list in the original model.

We first investigate parameter values for which the equilibrium is symmetric. Denoting the

equilibrium project maturity by 7#, we have

Proposition 8. (Symmetric equilibrium with long-term investors) (i) There exists p* €
(0,1/N) such that (a) for p < u*, there is a unique symmetric equilibrium and ™" = T*
(i.e., equilibrium is identical to the one without long-term investors in Theorem 1); (b) For
we (u*1/N), if a symmetric equilibrium exists, the equilibrium project maturity is ™" = 7*.

(i) For u>1—1/N, there is a unique symmetric equilibrium and ™ = 7B

, i.e., equilibrium
project maturity is the same as in the coordinated benchmark. (iii) For p € [1/N,1 —1/N),

there is no symmetric equilibrium.

Proposition 8-(i) shows that long-term investors have no impact on project duration if
their mass is smaller than the threshold 1 — 1/N. Intuitively, when the mass of long-term
investors is sufficiently small, short-term investors are marginal for all firms. Each firm’s price
informativeness is determined by short-term investors’ indifference condition as in Eq. (12).
Hence, the project maturity in a symmetric equilibrium is the same as in the case without
long-term investors.

Proposition 8-(ii) shows that when the mass of long-term investors is larger than the thresh-
old, they eliminates the race to the bottom in project duration. Intuitively, when the mass
of long-term investors is sufficiently large, they become the marginal investors. Because long-
term investors’ trading profits do not depend on project maturity, a firm’s project maturity
has no impact on its price informativeness. As a result, equilibrium project maturity with a
sufficiently large mass of long-term investors is the same as in the coordinated benchmark, and
therefore the equilibrium is constrained efficient (Section 5.3).

The intuition for Proposition 8-(iii) is as follows. Consider a candidate symmetric equilib-
rium 7. For intermediate values of pu, if firm n deviates to a longer project maturity, there
are enough long-term investors to step in and sustain the same level of price informativeness
as in all other firms, even though short-term investors no longer invest in firm n. Therefore,
for all 7# < 7B a firm can profitably lengthen its project maturity without a reduction in
price informativeness. At the same time, if firm n deviates to a shorter project maturity, there
are enough short-term investors to sustain higher price informativeness for firm n even though

long-term investors do not invest in this firm. Therefore, for all 7# > 7%, a firm can increase
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its value by shortening its project maturity and increasing its price informativeness. Because
7% < 798 (Theorem 2), there is no symmetric equilibrium in the intermediate region for .
When the mass of long-term investors is in an intermediate range, however, we can show
that there is a “clientele equilibrium” in which firms choose different maturities (i.e., some
choose short-term whereas others choose long-term). The following proposition summarizes

this result:

Proposition 9. (Clientele equilibrium) For 1 — (N —1)z < u < 1 — 1/N, there exists a
clientele equilibrium in which a fraction ag of firms choose maturity Ts and a fraction 1 — ag
of firms choose maturity T, where 0 < ag < 1 and 7™ < 79 < 71, < 7¢B. In this equilibrium,
short-term investors invest in short-term firms whereas long-term investors invest in long-term
firms. Price efficiency for short- and long-term firms satisfies A\, < 1/(NZz) < Ag. Equilibrium
shareholder value, S, satisfies S* < S¢' < SCB.

For analytical simplicity, the proof of Proposition 9 ignores the integer constraint on the
number of firms in each group. The clientele equilibrium in Proposition 9 has the following
important features.

First, ex-ante identical firms choose different project maturities to cater to different investor
clienteles. Hence, firms become ex-post heterogeneous in equilibrium: long-term firms become
more productive than short-term firms, but attract less investor attention. Thus, long-term
firms have less informative prices and face higher agency cost compared to short-term firms.

Second, long-term firms choose shorter project maturities and have lower price efficiency
compared to the coordinated benchmark, while short-term firms choose longer project matu-
rities and have higher price efficiency compared to the equilibrium in the absence of long-term
investors. Each firm must have no incentive to deviate to the other type. For this to happen,
long-term firms must be sufficiently less valuable than in the coordinated benchmark, and

short-term firms must be sufficiently more valuable than in the absence of long-term investors.

7 Empirical and Policy Implications

7.1 Salary Caps

It has been suggested that short-termism goes hand in hand with excessive incentive compen-
sation for CEOs (see, for example, Porter (1992)). Limits to CEO compensation have been
proposed as a mechanism to improve the management of listed companies. For example, in
1993 the Clinton administration introduced a salary cap on CEO compensation in the form
of $1 million deductibility cap (see Murphy (2013) for further details). In the policy debate,
critiques of corporate governance often include short-termism in a long list of alleged malfunc-

tions, so it seems relevant to study the effect of a salary cap in our model. Does a salary
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cap promote shareholder value by mitigating excessive short-termism? Intuitively, salary is a
highly imperfect proxy for project duration. Therefore, it is quite possible that a salary cap
has a number of different effects, and has a net effect in precisely the opposite direction. This
turns out to be the case in our model.

We use the same setup of our model as in Section 3, but deviate from it only by assuming
that there is an upper bound w on managerial compensation in each state. In that case, the
optimal contracting problem defined in Egs. (14)-(18) needs to be augmented by an extra

constraint such that
W W, We, Wi, wy < 0. (41)

We focus on the range of salary cap w that ensures that the incentive compatibility is im-
plementable. For notational convenience, we will use a double asterisk notation (xx) for the
optimal solution under the salary cap, and use a single asterisk notation (%) for the optimal

solution without the salary cap.

Proposition 10. Suppose that the equilibrium contract is given by w¢,, wg without salary cap.

Then, given the number of listed firms N, the equilibrium contract under salary cap is given

by

wg = min(wy, ),

*

wg if wg, < W

kk
wg = K—-L Acu(w .
s u! ( ( Nz Aoul®) > otherwise,

17ﬁ)(1757**)Ap

where 7* solves the following first-order condition of each firm’s maturity choice problem under

salary cap:

Acpi u(wy)

Fr77) =6(r) o (1wis - ) = o (1 07 W)

ocAp v (wg)
1 k%

The maturity becomes shorter (i.e., T < 1) when the salary cap just starts binding, and the

(42)

shareholder value under salary cap is smaller than the case without salary cap.

The equilibrium wage is identical to that without a salary cap as long as it does not bind,
but the wage in state S needs to be adjusted to satisfy the IC constraint as soon as the
constraint starts binding. Theorem 10 shows that the initial impact of a salary cap does not
prevent short-termism but rather promotes it. This is because it becomes more expensive

to incentivize managers under a salary cap at any level of project maturity, so a salary cap
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forces firms to complement stock-based compensation with short-term compensation. However,
pushing the salary cap even tighter reduces the sensitivity of stock-based compensation, thereby
eventually preventing short-termism. But this does not improve shareholder value because it

increases the wage bill so much.
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Figure 3: Equilibrium Short-termism and Shareholder Value under Salary Cap.
Parameter values: pg = 0.8;0p = 0.5;Ap = 0.35;Ac = 0.4, M = 10;Z = 2; K = 0.8;0 =
0; AV = 10. The maturity-sensitive component of a firm’s output is f(7) = /1 — (1 —7)2,
and the utility of a manager given wage w is u(w) = w'=® with a = 0.5

In the absence of a salary cap, firms can incentivize their managers using high powered
contracts. Under a salary cap, however, firms respond to the restriction by shortening project
maturity. This actually hurts shareholder value because firms are already engaging in excessive
short-termism and further shortening of maturities further reduces value. Figure 3 illustrates

the results.

7.2 Further Testable Implications

In this section, we discuss the empirical implications of our model. There is a large empirical
literature showing that stock-based compensation can lead to value-destroying short-termism
(e.g., Bergstresser and Philippon (2006), Gopalan, Milbourn, Song, and Thakor (2014), Asker,
Farre-Mensa, and Ljungqvist (2015), Brochet, Loumioti, and Serafeim (2015)). On a broad
level, our paper investigates this well-documented connection between stock-based compen-
sation and corporate short-termism through the lens of imperfect information in financial
markets. The main idea of our model is that short-termism is an optimal response of firms

to minimize their agency cost when prices are informative, but those individually optimal re-
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sponses lead to an aggregate inefficiency through informational externalities. This mechanism
sheds light on some empirical regularities that are not fully explained, and furthermore offers
several testable implications.

First, higher competition can exacerbate short-termism through the channel of price infor-
mativeness (Proposition 5). Furthermore, this link between competitive pressure and short-
termism should be present only in the presence of informational externalities. Proposition 5
highlights an important aspect of our prediction that firm value is destroyed due to short-
termism even when price informativeness stays the same. As is discussed in Section 5.4.1,
however, there has been a long debate whether competitive pressure improves firm value or
destroys firm value. On the one hand, competition among firms can make firms more efficient
(e.g., Porter (1990)). On the other hand, competition among firms can sometimes lead to
a negative consequence such as reduced innovations (e.g., Aghion, Bloom, Blundell, Griffith,
and Howitt (2005)). In particular, competitive pressure can make firms focus on short-term
performance, destroying their long-term value (e.g., Pathan, Haq, Faff, and Seymour (2021),
Keum (2021)).

One of the distinct predictions of our model is that firms’ maturities are endogenously
determined given the degree of informational externalities. A shock that shortens the duration
of one firm’s cash flows should increase that firm’s price informativeness at the expense of
other firms; the intensity of this reaction measures the strength of information externalities.
Although such measure may be difficult to construct empirically, the degree of informational
externalities can be associated with the magnitude of price sensitivities to new information,
which can be measured, for example, by “earnings response coefficient” (Ball and Brown (1968),
Dhaliwal, Lee, and Fargher (1991)). Our model predicts that short-termism will be more severe
when the sensitivity is higher. Such a measure will allow us to distinguish between different
mechanisms; the relation between competition and short-termism will be positive only when
there are informational externalities. Our prediction is broadly consistent with Asker, Farre-
Mensa, and Ljungqvist (2015) who empirically find that short-termist pressure is more severe
for public firms in which stock prices are most sensitive to earnings news (i.e., high earnings
response coefficients).

Second, more severe investor short-termism can lead to greater corporate short-termism
(Proposition 6). Furthermore, this effect should be more severe in the presence of informational
externalities. Although it is often argued that investor myopia is responsible for corporate
short-termism, empirical evidence seems to be mixed. On the one hand, short-horizoned
institutional investors force managers into value-destroying short-horizoned decision making
(e.g., Jacobs (1991), Latham and Braun (2010), Callen and Fang (2013), Agarwal, Vashishtha,
and Venkatachalam (2018), Kim, Kim, Mantecon, and Song (2019)). For example, Bushee
(1998) finds that a large proportion of ownership with high turnover and momentum trading

increases the probability that managers will reduce R&D investment to reverse an earnings
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decline. On the other hand, short-horizoned institutional investors offer better disciplining as
well as useful information (e.g., Hansen and Hill (1991), Yan and Zhang (2009), Giannetti and
Yu (2021)). Our model provides one way to resolve such mixed observations: investor myopia
would not directly translate into corporate short-termism unless informational externalities
are present. That is, our model predicts that the relation between investor short-termism
and corporate short-termism will be positive only when there are informational externalities.
Our prediction is consistent with evidence by Agarwal, Vashishtha, and Venkatachalam (2018)
who show that frequent portfolio disclosures can induce increased short-term focus of fund
managers, which in turn creates pressure on managers of investee firms to behave myopically.

Third, more severe managerial myopia can lead to greater corporate short-termism (Propo-
sition 7). Furthermore, this effect should be more severe in the presence of informational ex-
ternalities. Empirical evidence indeed shows that short-horizoned CEOs tend to avoid value-
enhancing long-term investments (e.g., Dechow and Sloan (1991), Gopalan, Milbourn, Song,
and Thakor (2014), Lee, Park, and Folta (2018), Lundstrum (2002)). As is shown in Sec-
tion 5.2.1, managerial myopia can still affect corporate short-termism regardless informational
externalities. But informational externalities amplify the effect of managerial myopia because
firms compete for the benefit of informed trading. This mechanism is broadly consistent with
empirical findings that stock-based CEO compensation is more tightly connected to corporate
short-termism when prices are more sensitive to news (Asker, Farre-Mensa, and Ljungqvist
(2015)).

Fourth, a decrease in informed trading can lead to more severe short-termism (see the
discussion after Proposition 6). There is a vast literature on the impact of business cycles on
financial markets. In particular, a downturn in business cycles can reduce the participation of
sophisticated institutional investors by tightening their funding constraints (e.g., Brunnermeier
and Pedersen (2009)), thus reduce informed trading (e.g., Dow and Han (2018), Dow, Han,
and Sangiorgi (2021)). Based on such observations, our model suggests that, during economic
downturns, it is likely that short-termism is exacerbated by firms’ competition to accommodate
more informed trading. This is in line with empirical findings which show that long-term value
creation is often more difficult to implement during economic downturns (e.g., Nanda and
Nicholas (2014)).

Finally, it is often argued that the stock market imposes an excessive focus on short-term
financial outcomes for publicly traded companies. Therefore, the argument asserts that going
private enables firms to escape the short-termist pressure imposed by the stock market and at-

tain greater freedom to concentrate on long-term growth and innovation.*® In support of this,

43For example, in a letter to Tesla employees in August 7, 2018, Tesla CEO Elon Musk motivated the intention
to take Tesla private on the basis that ¢ As a public company, we are subject to wild swings in our stock price
that can be a major distraction for everyone working at Tesla, all of whom are shareholders. Being public also
subjects us to the quarterly earnings cycle that puts enormous pressure on Tesla to make decisions that may be
right for a given quarter, but not necessarily right for the long-term.” He further added “ Basically, I'm trying
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Asker, Farre-Mensa, and Ljungqvist (2015) find that private firms are less subject to short-
termist pressure than public firms. As a result, private firms tend to invest more and also pro-
duce more distinctive innovations than equivalent public firms (e.g., Davies, Haldane, Nielsen,
and Pezzini (2014), Bernstein (2015)). Our model provides a theoretical perspective support-
ing these arguments. Theorem 1 shows investor short-termism fosters a race-to-the-bottom
among firms, where the associated costs can outweigh the benefits of price informativeness.

Consequently, some firms opt to remain private.

8 Conclusion

In this paper, we explore whether managerial stock-price based compensation leads to excessive
short-termism. In previous models, firms’ and managers’ prioritizing of short-term results as an
individually rational response to short-term pressure from the stock market is also collectively
rational, in other words it is efficient given the informational constraints that govern managerial
incentives and project selection.

In contrast, we study short-termism that is individually rational, but collectively subopti-
mal. We study an economy with a stock market where informed investors have short-horizons.
Regardless of investors’ horizons, stock-based compensation can improve shareholder value of
an individual firm by reducing agency cost because stock prices are informative about future
cash flows. This allows the firm to pursue longer term projects without impairing incentives.

Because price informativeness is endogenous, however, competition for informed trading can
destroy shareholder value as a result of negative externalities to price informativeness of other
firms. Firms compete for informed investors by reducing project maturities because informed
investors are short-horizoned. Negative spillover effects arise but firms do not internalize such
adverse effects to other firms. Therefore, a short-termism trap arises in equilibrium; firms
reduce their maturity excessively, thereby reducing shareholder value.

This is similar to the “race to the bottom” described by U.S. Supreme Court Justice Louis
Brandeis, in which states designed regulations to compete for firms, which were attracted to
incorporate in “states where the cost was lowest and the laws least restrictive ... The race was
one not of diligence, but of laxity.” (Liggett Co. v. Lee, 288 U.S. 517, 558-59 (1933), dissenting
opinion). It has been used to describe competition among stock exchanges by choice of listing
regulations (Chemmanur and Fulghieri (2006)), and competition among jurisdictions by choice
of tax rates (Mast (2020)).

This paper is part of a broader research project exploring the impact of limited informed
investor capital on stock market performance (Dow and Han (2018), Dow, Han, and San-

giorgi (2021)). Informed trading helps stock markets to perform their economic functions, and

to accomplish an outcome where Tesla can operate at its best, free from as much distraction and short-term
thinking as possible.” https://www.tesla.com/blog/taking-tesla-private
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shortages of informed capital can disrupt those functions.
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Appendix A
Proof of Lemma 1:

In our model, because all stock payoffs and signals are jointly independent, there is no learning
across stocks in the market. Therefore, we can analyze market makers’ learning informed
investors’ private information for each stock n € N separately.

Let g(2") be the probability density function of noise trading 2". Because z" is uniformly
distributed on [—Z, 2], we have ¢g(2") = 1/(22) for 2" € [-Z,z] and g(z") = 0 otherwise. By
Bayes’ Rule, market makers’ posterior belief that s = G conditional on aggregate order flow
X"(0) is given by**

0qg(X"(0) — p")

Pr(s" =G|X"(0)) = . Al
(" = GO = g x0(0) = i) + (1 — 00)g (X7 (0) + ) (A1)
From Eq. (A.1), it is immediate that
0 if —p" —z2<XM0) < p” —2
Pr(s" =G| X"(0)) =% og ifpu"—z<X"0)< —pu"+2 (A.2)
1 if -+ 2< X™0) < p™ + 2.

Given 7" (firm n’s maturity choice) the posterior belief about the liquidation value conditional

on private information s" is

E[V"X"™(0)] = f(m") + Z Pr(R=AV|s")Pr(s"|X"(0))AV,
sme{G,B}

which implies*

f(r™) +vpAV  if —p —zZ2 < X"(0) < pt —Z
E[VMX"0)] =< f(r") +pgAV if p" —2 < X"0) < —p" + 2 (A.3)
f(T™) +vgAV i —p+ 2 < X™(0) < p" + Z.

Now, we derive the price informativeness for stock n. From Eq. (A.2), it is clear that
prices are informative except when p" — 2z < X"(0) < —p™ + z. In case s" = H, we have
X"™(0) = p™ + z". Then, prices are uninformative if —z < z" < —2pu" + z, which occurs with

probability 1—p"/z. In case s™ = L, we have X"(0) = p™+2". Then, prices are uninformative

418ee, for example, Lemma 1 in Dow, Han, and Sangiorgi (2021) for a similar analysis with uniformly-
distributed noise trading, and also Lemma 4 in Dow and Han (2018) for an analysis with noise trading under
general distributions.

*5To see this, Pr(R = AV|s" = G)x0+Pr(R=AV|s" = B)x1 =vg, Pr(R= AV|s" = G) xog +Pr(R =
AV|s" = B)x (1—0g) = pu due to the first equation in Eq. (3), and finally Pr(R = AV|s" = G) x 1+ Pr(R =
AV|s" = B) x 0 =vg.
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if 2u™ — z < 2™ < z, which occurs with probability 1 — u™/z. Therefore, prices are informative

with probability u"/z regardless of signals. |

Proof of Lemma 2:

We rewrite the optimization problem in Eq. (10) in a more general form as follows:

)= s = EPM O] (0) 30 () (0) + (1 =BG (0), 57, P 0)]s"]
(A.4)
where
I"(s") =1 —E[V"s"] + m"E[P"(1)|s"],
and

J1'(0,s", P™(0))

"E[(V™ — P™(1))]s", P™(0)]2? (1
e oy T B (1)]s", P"(0)]r} (1)

JI(1, 8", P*0)) = (1 — E[V"|s"] + 7" max{E[V"|s"], E[P"(1)|s", P"(0)]}
Ji(=1,s", P"(0)) = —(1 — 7"E[V"|s"] — 7" min{ E[V"|s"], E[P"(1)|s", P"(0)] }

In this formulation, the value J7'(z7, s, P"(0)) accounts for the possibility that a late-consumer
with a non-zero position in t = 0 may reverse the position in ¢ = 1 instead of holing the position
until ¢ = 2.

First, we show that a long position conditional on a good signal dominates a long position
conditional on a bad signal. This is obvious in ¢ = 1 since, conditional on P"(0) being non-

revealing, the expected payoff from a long position given a good signal is
E[(V" - P"(1))|s" = G,P"(0)] = (1 = \"(1))E[V" — Bj[s" = G] > 0,
whereas the expected payoff from a long position given a bad signal is
E[(V" - P"(1))s" =G, P"(0)] = (1 = A"(1))E[V" — Fj'|s" = B] < 0.
In ¢t = 0, the expected value from a buy order conditional on s" = G is
(1=A"(0))(1 =~7™(1 = A"(1))E[V" — Py|s" = G, (A.5)
whereas the expected value from a buy order conditional on s" = B is

(L=AO)[1 =7 (1 = A"(1)) = (1 = A"(1)(1 = Y] EV" — Fj'|s" = B]. (A.6)
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Subtracting (A.6) from (A.5) gives

(1= A"(0)) (1 = 47" (1 = A"(1))) (B[V"|s" = G] ~ E[V"[s" = B])
— (1= A" (O)(1 = X"(1)(1 ~ )[Ry — V"|s" = B,

which is strictly positive since E[V"[s" = G] > P and (1 —~7"(1 — A"(1))) > (1-A"(1))(1 -
7). A similar argument shows that a short position conditional on a bad signal dominates a
short position conditional on a good signal.

Since informed investors always trade in the direction of their signal, an informed investor
with a long position in ¢ = 0 must have received a good signal. If this investor consumes
late and P™(0) is non-revealing, it is strictly optimal to hold the position until ¢ = 2 because
E[V"|s" = G| > E[P™(1)|s" = G, P"(0)]. Therefore, J{*(1,s" = G, P"(0)) = E[V"|s" =G]. A
similar argument shows that Ji*(—1,s" = B, P"(0)) = —E[V"|s" = B]. This shows that if the
firm’ project pays off late and P™(0) is non-revealing, late-consumers hold the position until
t=2.

Next, we prove that an informed investor prefers trading early. Consider the expected value
from a long position at t = 0 conditional on a good signal. Using Lemma 1 and Eq. (10) and

simplifying, we can write this value, j{)‘ say, as
J§(G) = (1= AM(0)(1 = 47" (1 = A"())(E[V"|s" = G] = F}).

On the other hand, consider the expected value value at t = 0 of trading at ¢t = 1 conditional
on a good signal. Using Lemma 1 and Eq. (10) and simplifying, we can write this value, j{‘(G)

say, as
JHG) = (1= X"(0)(1 = )7"(1 = N"()EV"|s" = G] - F}).

In case the signal is good (s" = G), Eq. (A.3) and Eq. (4) imply that

E[V"|s" = G] — P} = Py — Py = (v — pu) AV = Wmf >0,
Therefore, it is immediate that J§(G) > JI(G), with a strict inequality if 77(1 — A"(1)) < 1.
The same analysis conditional on a bad signal yields J§(B) = J#(G) and J*(B) = J}(G).
Since it is optimal for informed investors to buy (sell) at ¢ = 0 conditional on a good
(bad) signal, there is an equilibrium in which all informed investors trade at ¢ = 0. In this
equilibrium, the aggregate order flow at ¢ = 1 is proportional to order flow in the previous
period, i.e., X" (1) = —yX"™(0). Because X™(0) is already known to market makers, there is no

new information for market makers in X™(1). Therefore, the price is uninformative at ¢t = 1,
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that is, A”(1) = 0. In this equilibrium, expected profits equal
J§ = J§(G) = J§(B) = (1= X*(0))(1 = 47")AP,

as stated in the text of the lemma.

Finally, we prove this is the only trading equilibrium. Consider a candidate equilibrium
in which a mass ™ > 0 of informed investors does not trade at t = 0 and waits to trade in
t = 1. For this trading behaviour to be optimal, it must be J(G) < JP(G), which requires
(1 — A"(1)) = 1 and therefore A\"(1) = 0. However, when a mass (1 — ) > 0 of informed
investors trades at t = 1, the order flow at ¢ = 1 must be informative, which implies A" (1) > 0,

a contradiction. [ |

Proof of Proposition 1:
Let A > 0 be
A=(1=X)1=77") = (1 =A")(1 —~7™),

for all n,m € N (see Eq. (12)). Then, we can write each A" as

A
11—y’

A7 =1 (A.7)
By adding Eq. (A.7) for all n € N, using the informational resource constraint Eq. (13), we

can obtain

Az (A.8)
Yoot T

Therefore, there exists a unique solution for each A" for all n € N given {7"},cnr from
Egs. (A.7)-(A.8).

Now, we prove that, fixing {7},,c M\{n}s A" is decreasing and concave in 7", where the
notation B \ A is the set difference, defined as B\ A = {z € Bl|z ¢ A}. For notational

convenience, we represent Eqgs. (A.7)-(A.8) as follows:

Nz—1 n
(T
v o1 S
ZmGNx(T )
where z(-) is a positive function such that
1
(1) = 7

1—~v7



which is increasing in 7 because

Ox(r) T =) > 0. (A.9)

or  (1-97)°
Because z(7) is increasing in 7, A" (7") becomes the smallest when 7" =1 and 7 = 0, in

which case we have

Nz—1_1 N 1
/\n(l)zl_zil_zl_é'
= TN -1 Y+ (1—7)N

Therefore, Eq. (5) is sufficient to guarantee that A"(1) is positive.
The first-order derivative of A" with respect to 7" is given by

M) 4 Vet <0, (A.10)

orm (x(T") + ng\/\{n} x(Tm)> 2

where A is a positive constant such that

AE<N2—1) S am).

meN\{n}

which proves that A" is decreasing in 7.
Likewise, the second-order derivative of \™ with respect to 7" is

ey |2 (2™ + Zmerrpoy 27™)) = 292 (7]

(Orm)? <x(7’”) + ZmEN\{n} a;(Tm)>3

2 (™ 3 z(t™
297 [2(7™)]” X menn iy @ ; <0,
(rc(T") + 2 ome\(n} x(Tm))

which proves that A" is concave in 7.

Finally, we obtain

I\

AN (™) _ (Nz — 1) x(1t™)y [$(Tm)]2 <0 (A.11)

orm
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Appendix B.

We begin with a preliminary lemma.

Lemma B.3. (Implicit function) Let the real-valued function F(x,y) defined on the interval
I C [z,%] x [y,y] be continuous, increasing in x and decreasing (respectively, increasing) in
y. Furthermore, assume that for any x there is a unique y such that F(x,y) = 0. Then,
F(z,y) = 0 uniquely defines a continuous, increasing (respectively, decreasing) function f(x)

such that F(x, f(x)) = 0.

Proof. The fact that for any z there is a unique y such that F'(x,y) = 0 implies the existence
of a unique mapping f : [z,Z] — [y, g] such that F(z, f(x)) = 0.
Consider the case where F' is decreasing in y. We show by contradiction that f is increasing.

Assume not. Then, for some z,z’ € [z, Z] such that 2 > x we have f(z) > f(2’) and therefore
0=F(', f(z') 2 F(2', f(x)) > F(z, f(z)) =0

where the weak inequality follows because F' is decreasing in y, the strict inequality follows
because F' is increasing in z, and the equalities follow by definition of f. Hence, we have a
contradiction. The case where F' is increasing in y is identical.

Next, we show by contradiction that f is continuous on the interior of I. Assume not.
Then there exist a point zg, a value € > 0 and a sequence {h,} converging to zero as n — oo
such that | f(zo+hy) — f(z0)| > € for every n € N. By construction, the sequence {f(xzo+ hy)}
is bounded in [y, 7]. By the Bolzano-Weierstrass theorem, a sequence bounded by an interval
has a subsequence converging in that interval. Thus, there is a subsequence {h,, } and a value
« € [y, y] such that f(zg+hy,) = a as k — oo. Since |f(xo+hn, ) — f(z0)| > € for every k € N,
then oo # f(zo). Since and (xo+ hn,,, f(zo+hn,)) = (20, ) as k — oo and F' is continuous, we
have F'(zg + hn,, f(xo + hn,)) = F(z0,a) as k — oo. Since F(xo + hp,, f(zo + hy,)) = 0 for
every k € N and F' is continuous, it must be that F(xp,a) = 0. Since for each x there exists a
unique value y solving F'(x,y) = 0, it must be that o = f(x¢), a contradiction. Right continuity

at x and left continuity at £ can be shown in the same way, and the proof is omitted. |

Proof of Proposition 2:

Given the LL constraint in Eq. (18), the PC constraint in Eq. (16) must not bind if the IC
constraint in Eq. (17) is satisfied. Thus, it must be wg' = wi* = wy" = 0 (i.e., the LL
constraint binds for these states) and the IC constraint must bind, for otherwise shareholders
could reduce the wage bill without violating the IC constraint. Hence, an optimal contract

solves
min _ Nogwd + (1 —A") (1 —07") ppwy (B.1)

{wg,wg}eRi
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such that the IC constraint (17) binds,
AAcu (wey) + (1= A") (1 —o01") Apu (wg) = K. (B.2)

Now, we prove the following lemmas to finish the proof.
Lemma B.4. Eq. (3) implies Ao > Ap, vg > vp, and pg/Ap > og/Ao.

Proof. By taking the difference of two equations in Eq. (3), we have
Ap = Ao(vg —vB), (B.3)
which implies Ao > Ap, and vg > vp. Furthermore, Eq. (3) also implies that

pr _oclve—vp) | vp
Ap Ap Ap

which in turn together with Eq. (B.3) implies

PH _ 0G | VB _ 0G

Ap Ao A, As
|

Lemma B.5. There exists a unique solution for the optimization problem in Eq. (B.1) such

that wi' > wg® > 0 where wg' and wg® simultaneously solve

AN'Aou (wit) + (1= A" (1 = 67™) Apu (wg') = K (B.4)
caApu (W) = Aopyu! (wil). '

Furthermore, both wi' and wg" are continuously differentiable and increasing in ™, K,6 and

decreasing in \".

Proof. Because of the assumption that u/(0) = co, we can rule out any corner solution such
that either wg' = 0 or wg" = 0. Therefore, we can drop non-negativity constraints for wg, wg.

Then, the Lagrangian is given by

K — X"Aou (wg)
—(1=A") (1 =071") Apu (wh)

)

L =N"oawl + (1 — \") (1 — 67") ppw +

where ¢ is the Lagrangian multiplier. The first-order conditions with respect to wg and wjg

are given by

06— VAo (W) =0, pi —vApu (W) =0, (B.5)
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which implies

oc _ Acu/(wg')

pr Apu'(wg)

(B.6)

Therefore, we have wi' > wg" because v'(-) is positive and decreasing (i.e., u/(-) > 0,2"(-) < 0),
and also pg/Ap > og/Ac from Lemma B.4.
Using continuous differentiability and strict monotonicity of «'(-), we can obtain wg* as a

continuously differentiable function of w{* using Eq. (B.6):

~ _ Ao
*n:W *nE =1 piHil *T , B7
g = W) =~ (230w ) (8.7
which implies w§" is increasing in w{ because both «/(-) and «’ ~1(.) are decreasing:4

owg"  pg Ao v (wg)
Ouit o6 2o (ul)

(B.8)

The RHS in Eq. (B.7) is not defined for wg* = 0. However, we note that wi* = 0 if
and only if K = 0, in which case also wg® = 0. Therefore, we define the function W(-) to
equal W(-) for w¥ > 0 and W(0) = 0. Since 0 < W(wg') < wiP for any w > 0, we have
limyen 0+ W (wi) = 0. Thus, W (-) is right-continuous at zero.

We can represent the IC constraint as
AN'Aocu (wit) + (1= A") (1 —o07™) Apu (W(wi)) = K. (B.9)

The LHS of Eq. (B.9) at wg* = 0 is zero because u(0) = 0 and W(0) = 0. The LHS is
greater than K as wg' — oo because limy, oo u(w) = co. Because the LHS is an increasing
continuous function of w¢', the intermediate value theorem implies that for all 7", 4, A", K there
exists a unique wg" solving Eq. (B.9), which in turn implies the same for wg" by Eq. (B.7).
Furthermore, w' and w§* simultaneously solve Egs. (B.4) by construction.

For a given value of w¢", the LHS of Eq. (B.9) is decreasing in ¢ and the RHS of Eq. (B.9)
is increasing in K. Therefore, by Lemma B.3, wg is an increasing and continuous function of
0 and K; since W () is increasing and continuous, so is wg®. Similarly, the LHS of Eq. (B.9)
is increasing in A" because wi' > W(wg') and Ao > Ap (Lemma B.4). Therefore, by
Lemma B.3, wg' is a decreasing and continuous function of A\"; since W (-) is increasing and

continuous, so is wg".

%6Due to strict concavity of u(-), it is immediate that u'(-) is decreasing. For Likewise, v’ ™" (-) is decreasing
because
ou' " (y) 1

ay  ww i) <
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Next, we prove that both wi* and w¢” increase in 7. Note that 7" enters Eq. (B.9) directly
but also indirectly through A". For the direct effect, the LHS of Eq. (B.9) is decreasing in 7"
at any level of wii* (because u(-) is positive), whereas the RHS is a constant. For the indirect
effect, Proposition 1 implies that 8’\ (T ) < 0, and we previously established that the LHS of
Eq. (B.9) is increasing in \". Therefore, the LHS of Eq. (B.9) is decreasing in 7". Therefore,

by Lemma B.3, w§' is an increasing and continuous function of A\"; since W(-) is increasing

and continuous, so is wg".
Continuous differentiability of wg', wg" follows from continuous differentiability of u(-), W(-), A"

and the Implicit Function Theorem.

[
Lemma B.6. Under the optimal contract, W™ 1is increasing in 7".
Proof. At optimum, the following should be true:
W' =XNogwa' + (1= A") (1 —o1") ppwd”
+ ¢ [K — N"Acu (wg') — (1= A") (1 —o7") Apu (wg")] .
Then, the Envelope theorem implies
own oA ON™
W O e — (2 (1 Z o) 4 (1= Ao ) pan
orm ot arn
g 9 (B.10)
- ¢WAO"LL( )+ < —(1=0r")+ (1~ )\”)5> Apu (wg).
Substituting the first-order conditions in Eq. (B.5) into Eq. (B.10), we have
owr oA O™ n n
o = Genoa ) = (G (1= 677 + (1= X8 pur(u)
o (B.11)
= loaW () — pa (1= 57" W] — (1 = X")pm ¥(wi)
where
W) = w— ) g (B.12)
= o (0) , .

which is a decreasing function because of the concavity of u(-):

W) 1 - W) —u) @) _ u(wpw) B.13)

(u'(w))? (u'(w))?

Because U(-) < 0,¥'(-) < 0 and w* > wg" (Lemma B.5), we have U(w") < ¥(wg") < 0. It
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is immediate that og > (1 — 07™) pg because oG > pg. Then, we have
oc¥(wi') — py (1 —67") U(wd) < 0. (B.14)

Because O\ /07" is negative (Proposition 1), Eq. (B.14) implies that the first term in Eq. (B.11)
is positive. Because V(+) is negative (Eq. (B.12)), the second term in Eq. (B.11) is also positive.

Therefore OW™/O1™ is positive, which proves that WW" is increasing in 7. |

Lemma B.7. Under the optimal contract, W™ is conver in 7.

Proof. From Eq. (B.11), we can obtain the second-order derivative of W™ with respect to 7"

as follows:
Pwn O*\" “n " o
DL :(67'”)2 loa¥(wa') — (1 —o01") pu ¥ (wg")]
2% *N n *n owg’
a>\n /! *M aw*Gn n / *M awgn
+ 67’” O-G\I’ (wG ) 67’” (1 57— )pH\Il (ws ) 67’”

Because 9?\"/(07™)? is negative (Proposition 1), Eq. (B.14) implies that the first term in
Eq. (B.15) is positive. Because OA"/O07™ is negative (Proposition 1), and W¥(-) is negative
(Eq. (B.12)), the second term in Eq. (B.15) is also positive. Because ¥'(+) is negative (Eq. (B.13))
and Jwg'/0t™ is positive (Lemma B.5), the third term is also positive.

Now, we prove that the fourth term in Eq. (B.15) is also positive. Using Eq. (B.8) we

obtain

Owg" _ pu Ao u(wi) Owg
orm oG Ap u (w:;n) orm

(B.16)

Then, we have

oG\I’/(w?;n)aal:_%n —(1—=067") PH‘I’/(?UM)E);;%LR
WG o6 (wg) — (1= 677) prr W () (ggig) 5(&?)]
B.17
o0 (;‘(fz‘:iz v [u(wé?) - (257 ) s (ZEZ??)] o

where the first equality is due to Eq. (B.16), the second equality is due to Eq. (B.12), and the
third equality is due to Eq. (B.6). Because u(wg') > uw(w§") (Lemma B.5) and Ap/Ac < 1
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(Lemma B.4), we have
- ny [ AP sn
w(wg') — (1 —61™) <Aa> u(wg") > 0. (B.18)

Then, the last inequality should hold because u” < 0 and wg"/01" is positive (Lemma B.5).
Finally, because OA" /07" is negative (Proposition 1), Eq. (B.17) implies that the fourth
term in Eq. (B.15) is positive.
Because all four terms in Eq. (B.15) are positive, the second-order derivative of W™ with

respect to 7" is positive, which finishes the proof of strict convexity of W"™. [ |

Appendix C.
Proof of Proposition 3:

We define a mapping Y™ : [0, 1] — R as follows:

V(") AW ()

own()
orn orn '

= f/(Tn) orn

T(r™)

Then, Y"(7") = 0 is equivalent to the first-order condition in Eq. (23) for the optimization
problem in Eq. (22). Because f is concave and W" is convex in 7" (Proposition 2), T™(7") is

decreasing in 77, i.e.,

8Tn(7-n) _ 1! *M 82Wn
orm F) (O1™)? <0
Furthermore, we have
T7(0) = £/(0) - 2V <0, and (1) = f(1)— Y > 0.
o™ | n_y or™ | n_y

because f'(0) = oo and f/(1) = 0, and OW™/I7" is positive (lemma B.6) and finite for all
™ € [0,1].47
Therefore the intermediate value theorem implies that the first-order condition is satisfied

(i.e.,, T™(7™) = 0) at an interior point 7 € (0,1).
Proof of Proposition 4:

We prove the proposition with a corollary of the following lemma:

4TBecause the amounts of optimal compensation w®' and w%"® are finite, it is immediate that OW" /7™ is
finite from Egs. (A.10) and (B.11).
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Lemma C.8. (Supermodularity) Consider the simultaneous move game played by the N firms
when choosing the project maturity. Fach firm chooses " € [0,1] to maximize V(") —
Wn(r™), where V(™) is defined in the text and W"(1™) is the wage bill under the optimal
contract given ™ in Eq. (15). This game is supermodular if either (i) (N —1) (1 —~) > 1, or
if (ii) the manager has CRRA wutility, u (z) = %, and o € (&, 1), for some @ € (0,1).

Proof. By the maximum theorem, W"(7™) is continuous in 7" and in 7™ for all m € A"\ {n},
and so are firms’ objective functions. The strategy space is compact since 7" € [0, 1]. Therefore,
the game is supermodular if each firm’s objective function has increasing differences in maturity
choices, that is, for all n and m € N\ {n},

02 (V" (7" — W (7))

> 0. .
ormorm™ 20 (C.1)

Since V"(7") is not a function of 7™ for all m € N\ {n}, (C.1) is equivalent to

a2wn(7_n)

ormorm

<0. (C.2)

By Eq. (B.11), we have:

Irnorm :aTnaTm [O-G\I’(wG ) — PH (1 —or )\I](ws )]
O/ () — 1 — 5™ U (i S G
# G (rov i) = o (= o Wi T ) TEET o)
\j kN 1— n \I// *N S G
oo | W) = (1= ) W) S T
Using Eq. (B.6) we obtain
owg" _ u (W) pplAc (C.4)

owgt ' (wg) ogAp

Using Egs. (B.6) and implicit differentiation of Eq. (B.9) to compute %, after some straight-

forward manipulation we obtain

(UG\P/(“’Z‘”) —pu (1 —07") \I"(wf%”)aws ) dug' _

owgr ) O™

where we define

(rosfiy —om 15125

-1

r — >0,
ANogwi R (wit) ™ + (1= A) p (1 — 677) wi'R (wi)

Since 2% > 0, W(wg) < 0,V (wi) < og% >0 (Eq. C.4) and 2%&° < 0 (Lemma B.5), the
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third line in Eq. (C.3) is negative. Therefore, for (C.2) to hold it is sufficient to show that

o2 o g DA DA
Jrngm loa¥(wg') — pr (1 —07") U(wg")] +

— I <o0. C.5
orm orm T (C5)
Since 927 < 0,925 > 0,T > 0, and 06T (wi) — pur (1 — 67) T(wi")] < 0 (Eq. (B.14)), a
sufficient condition for (C.5) is that % > 0. Using the expression for A" in the proof of
Proposition 1, we obtain

(C.6)

o (NZ _ 1) P2 () (™) (Senn gy 2™ — (7))
armorm (ZmGN x(,]_m))g :

z

Therefore

, 02 \" . m n
sign <W> = sign Z x(t™) —x(r™)
meN\{n}
Because  (7) is increasing, we have that >, c\n 1,y #(7™) —2(7") = 0if (N — 1) z(0) = =(1),
which is equivalent to
(N-1)(1—7)>1. (©7)

In the proof of Theorem 1, we show that the number of listed firms in equilibrium must be
such that 1/(NZz) < 1, for otherwise listed firms’ shareholder value exceeds that of unlisted
firms. Hence, Eq. (C.7) is satisfied for (1 —1) (1 —~) > 1, as stated in Eq. (6) in the main
text.

As an alternative sufficient condition that does not depend on investor preferences or the
number of firms, we consider the case where the manager has CRRA utility as stated in the

lemma. With this assumption, (C.5) can be rewritten as

(C.8)

11—«

wHt DA\ O™ O™
el n " <0
arnorm - Ot o™ (1 — ) Nog + (1= X)) pg (1 —67)&) ) —

where we define

¢ = Aopy G
N Apog
n = og—pa(l—61")&

We find that

lim N

ai- (T—a)(\og + (L= A pgr (L—orm) &) o
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. n n n n 2\ n
Since %% < 0 and g%, %, and % do not depend on the parameter o, we have
. 92\ O™ ON" n
1 —
m + = —00.

a—1- OOt Ot OT™ (1 — ) (Ao + (1 — A7) pg (1 — 67™) &)

Since % > 0 for aw € (0,1), then (C.8) holds for « sufficiently close to one.

The following corollary provides the proof of Proposition 4:

Corollary 1. Under the conditions in Lemma C.8, the best response T in Proposition 3 is

increasing in other firms’ maturity choices, that is,

or*n

orm

>0 forallme N\ {n}.

Proof. Increasing best responses is a standard property for supermodular games (e.g, Topkis
(1998)). |

Appendix D.
Proof of Theorem 1:

We prove the theorem in three steps. As a first step, we take the number of listed firms N as
given and we prove the listed firms’ choice of project duration, managerial compensation, and
shareholder value in Eqs. (27)-(31). Step (ii) provides technical lemmas. Step (iii) combines

those lemmas to derive the threshold v* and its dependency on the parameter K.

Step (i). In this step, we focus on the listed firms’ equilibrium choices taking the number N
of listed firms as given. First, we assume N > 1/Zz. This must be true in equilibrium, as shown
below in Step (ii) of this proof. Second, we note that payoff functions are symmetric and best
responses are increasing (Proposition 4). Therefore, listed firms’ project maturity choices must
be symmetric in any pure strategy equilibrium. We proceed to show that such a symmetric
choice of project maturity exists and is unique.

In case of a symmetric project maturity choice, 7™ = 7* for all m € N, Eq. (A.10) implies
that the sensitivity of price informativeness to 7", denoted by ©(7*), is given by

OA™ (™) Y(N —=1)(Nz—-1)

o) = —— =— . <0, (D.1)
orn T=7* 7m=7* ¥YmeN\{n} N2Z(]‘ - ’77—*)
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which is decreasing in 7* because

2N _ 5
o' (r*) = - %Z(ll)_(];*);) <0. (D.2)

For clarity, throughout this proof, we denote w,(7*) and w§(7*) as functions of 7* explicitly.
wg(7*) and wg(7*) are the optimal compensation for states w = G and w = S given maturity
choice 7" according to Proposition 2. We define an equilibrium mapping Y : [0,1] — R as

follows:

Y(r) = f1(r") = O(77) [oa ¥ (wi(77)) = pu (1 = 677) (w(77))]

+ (1 — 1) Sprr ¥ (wg(r7))- )
Nz
Then, it is clear that the solution 7* for Y(T*) = 0 is the solution for the first-order condition
in Eq. (23) under the assumption that 7 = 7* for all m € A"\ {n}, and vice versa. Therefore,
it is sufficient to prove that a unique interior solution exists for the equation T(T*) =0 to
finish the proof of this first step.
The first-order derivative of ’Af() with respect to 7" is given by

P _ p1(a) - ©) oa(ui(r)) - o (1 - 57°) W(w(r*))] — (") opdW(w(r*)
-0 ot wpr N T - o sy 25

L 1ok (% M
" <1 - Nz> oo (ST 5

TN =%

The first term is negative because f is concave. The second term is negative due to Egs. (B.14)
and (D.2). The third term is negative because ¥(-) is negative (Eq. (B.13)) and O(-) is
negative (D.1). The fourth term is negative due to Egs. (B.17) and (D.1). The fifth term
is negative because 1 — 1/(NZ) is positive, ¥'(-) is negative (Eq. (B.13)), and dw§" /0" is
positive (Lemma B.5).28 Because all five terms in the RHS is negative, T(-) is decreasing in

7*. Furthermore, we have

1(0) = 1/0) - ©00) e (ui(0)) - pu (1~ ) W(wsO)] + (1 - ) oo W5 (0) > 0,

because f’(0) = oo and the second and the third terms are finite similarly as in the proof of

“®We note that A" for n € A is fixed with symmetric maturity choices, so the effect of 7* on wg", wg" is only
the direct effect identified in the proof of Lemma B.5.
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Proposition 3. Likewise, we have

T(0) = /1) - 1) e (uis(1)) = o (1= ) (w3 0)] + (1= - ) dob(us(1) <0,

because f’(1) = 0 and the second and the third terms are negative. The second term is negative
due to Egs. (B.14) and (D.1). The third term is negative because ¥(-) is negative.
Therefore the intermediate value theorem implies a unique equilibrium choice of project

maturity for listed firms.
Step (ii). In this step, we provide five technical lemmas.

Lemma D.9. In an equilibrium, the number of listed firms N must satisfy N > %

Proof. By contradiction, assume N < % Then, each listed firm’s price is fully revealing re-

gardless of project maturity choices because

AT =

N =

~ Y s iow-on>, (D.4)
V4
meN\{n}

where the equality in Eq. (D.4) is simply a restatement of the informational resource constraint
in Eq. (13), the first inequality in Eq. (D.4) follows from the fact that each \™ is a probability,
and the second inequality follows from N < 1/z. Thus, we have % =0 and A" = 1, in which
case Proposition 3 implies that 7*" = 1 and w¢, = u! (%) Therefore, each listed firm’s

shareholder value with fully revealing prices, denoted S, equals

K
FR _ _ -1
S = f(1) + pgAV —ogu <AO’> . (D.5)
Eq. (D.5) and the definition of SY in Eq. (25) imply
STR > SV «— K < Aou (APAV>EI_(. (D.6)
oG

Therefore, if N < % no firm would optimally remain unlisted. But since M > % by assumption,
then N < % implies N < M, that is, some firms must find it optimal to remain unlisted, a

contradiction. [}

Lemma D.10. 7" and S* are continuous, strictly decreasing functions of K. Furthermore,
T k=0 =1 and S*|xk=0 = f(1) + puAV.

Proof. We first show that 7* is decreasing in K. In Step (i) we established that T(7*) is

decreasing in 7. Next, we prove that Y(T*) is decreasing in K. We have
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9 oc¥(wi(T")) — pr (1 = 677) W(ws(77))]

=-0(")
0K 0K
Nz ) ST Tk

We prove that the first term in Eq.(D.7) is negative. Omitting explicit dependence on 7* to

ease notation, we have

dog¥(wg) — pr (1= 017) U(wg)]

0K
= oV (wg) BI((; —(1=67") pu¥'(wy )Tff’
_ owg sy (1 s 1oy ((PH AT W (W)
= G o ) — (1= 50 v ) (2257 ) S D)
u(wg)  OwE <p§1 Ao> <u’(w*G”)>2
=0 w(ws) — (1 =67") | =2 — | w(wE"
G(u,(w*Gn))Q aK ( G) ( ) Ué‘ Ap ( S) u/(ﬂ)j’éﬂ)
u// w*n 8w*n “n n A “n
=06 /(( *2)32 el [ (wg) — (1 — 67 )<A§> u(w} )] <0,
u ’LUG

where the second equality is due to Eq. (B.8), the third equality is due to Eq. (B.12), and
the fourth equality is due to Eq. (B.6). Because u” < 0, 85}? > 0 (Lemma B.5), and
w(wg') — (1 —o071™) (%) u(wg") > 0 (Eq. (B.18)), then Eq. (D.8) is negative. Since ©(7*) <0

(Eq. (D.1), the first term in Eq.(D.7) is indeed negative.

Finally, because ¥’ < 0 and awgg*) > 0 (Lemma B.5), the second term in Eq.(D.7) is also

negative.

Since for all K there is a unique 7* solving T(7*) = 0, and T(7*) is continuous and
decreasing in 7* and K (Lemma B.5), Lemma B.3 implies 7* is continuous and decreasing in
K. Furthermore, for K = 0, wi, = wg = 0. Since ¥(0) = 0, Eq. (D.3) implies, for K = 0,
T(7*) = 0 is solved by 7* = 1, that is, 7*|x—o = 1. Therefore, S*|x—o = f(1) + pgAV.

Next, we prove S* is decreasing in K. By Eq.(39) we have

0S* o OWTN\ ot own
6K2<f,(7)_ 67*)6[(_ K - (D-9)
By the Envelope Theorem (see the proof of Lemma B.6) we have
own 1 *
onwn oH
= . D.11
oK Aou/ (w}) ( )
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Substituting %VTV:A and % in Egs.(D.10)-(D.11) into % in Eq. (D.9), using T(7*) = 0 and
the definition of Y(7*) in Eq. (D.3), we obtain,

Bic = O (i (r") — i (1 =07 Wi ()] 5 — 5.

(D.12)

Egs. (D.1) and (B.14) imply the first term in Eq. (D.12) is negative. Since v’ > 0, then also
the second term in Eq. (D.12) is negative. Therefore, % < 0. |

Lemma D.11. 7" and S* are continuous, strictly decreasing functions of N. Furthermore,
T n=1/z = 1 and S*|y_1/z = SFR where STR is defined in Eq. (D.5).
Proof. We first show that 7* is decreasing in N. In Step (i) we established that T(7*) is
decreasing in 7*. Next, we prove that Y(T*) is decreasing in N.

Using Eq. (D.3) we obtain

TUT) 000 (i (7)) — par (1= 67°) W(wis (7))

ON ON
U (w () — 1 — 57%) U (w* (+*
B @(T*)a locU(w§ (1)) pg]\(f o7") W(wy(r™))] (D.13)
1 Py k(% 8“%‘(7-*) 1 % (%
N (1 _ NZ) S (w(r*) ST 4 Sp W (w(r).
1y(s_1
From Eq (Dl) we can write @(7-*) = —%, WhiCh, since z > %, is decreasing in N.

Since og¥(wg(7*)) — pr (1 = 67%) U(wi(7*)) < 0 (Eq. (B.14)), the first term in Eq. (D.13) is
negative. The same steps as in in Eq. (D.8) yield

dlog¥(wg) — pr (1 —077) U(wg)]

ON (D.14)
_d(wg) Owg “n a [(Ap “n '
=og (u’(wz?))z BJ\C; u(wg) — (1 —o71™) <Aa> u(wy )} .

Since v’ < 0 and 8w;G]S,T*) > 0 (Lemma B.5) and the term in square brackets in Eq. (D.14)

is positive (Eq. (B.18)), Eq. (D.14) is negative. Therefore, since O(7*) < 0 (Eq. (D.1)), the
second term in Eq. (D.13) is negative. Since 8w;G]E]T*) > 0 and ¥/ < 0 and ¥ < 0, the third term

is also negative. Since for all N there is a unique 7* solving T (7*) = 0, and Y(7*) is continuous
and decreasing in 7* and N (due to Lemma B.5 and by the fact that A =1/(N%)), Lemma B.3
implies 7* is continuous and decreasing in N. Furthermore, the proof of Lemma D.9 shows
that for N > 1, we have 7* = 1 and S* = ST, where ST is defined in Eq. (D.5).

Next, we prove S* is decreasing in N. By Eq.(39) we have

S _<f,(7*)_aw >aT oW

ON or ] ON  ON ° (D-15)
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By the Envelope Theorem (see the proof of Lemma B.6), we have

ow"r 1

N~ vl

ooV (wi(7")) — p (1 —67%) U(wg(r7))] . (D.16)

Substituting 861;\1*" in Eq. (D.10) and % in Eq. (D.16) into %%, using T(7*) = 0 and the

definition of T(7*) in Eq. (D.3), we obtain,

0S*
ON

— o)~ pu (1= 07 W3] (0GR + gz ). (DD
Since [oq¥(wE (7)) — pu (1 — 07%) W(w(7*))] < 0 (Eq. (B.14)), % < 0, and O(7*) < 0
(Eq. (D.1)), we conclude that % < 0.

|

Lemma D.12. 7" and S* are continuous, strictly decreasing functions of ~y.

Proof. We first show that 7* is decreasing in ~. In Step (i) we established that Y(7*) is
decreasing in 7*. Next, we prove that Y(T*) is decreasing in . Since price informativeness is
independent of v, Egs. (29)-(30) imply that the wage is unchanged by an increase in + fixing

T, l.e.,

owg, () Qwg(T™)

i (D.18)
Using Egs. (D.3) and (D.18), we can obtain
OX(T) _ 9O 1 wwiy (7)) — prr (1 — 67 W(wiy ()] (D.19)

oy oy

Eq. (B.14) implies that the term ogV(w§ (7*)) — pu (1 — 07%) U(w§(7*)) is negative. Fur-
thermore, Eq. (28) implies
00(1*) (N-1)(Nz-1)

o NZE(1 — 7 7)? < 0. (D.20)

From Egs. (D.19) and (D.20), we conclude that T(7*) is decreasing in ~y at any given level of
7*. Thus, by Lemma B.5, 7* is continuous and decreasing in ~.
Next, we prove S* is decreasing in N. By Eq.(39) we have

0S* (4, . OV Or
6’7_<f(T) 3T*>5'V'
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By the Envelope Theorem (see the proof of Lemma B.6), we have

awr _<

1 *
O 1 - Nz> Spuy (wg) -

Substituting %VTV*” into a(‘%v using T(7*) = 0 and the definition of T(7*) in Eq. (D.3), we
obtain,
0S* or*
o (") [oa¥ (we(77) — pur (1 = 677) W(wg(7"))] 677 :
Since [og¥(w§(7*)) — pu (1 — 077) V(wi(7¥))] < 0 (Eq. (B.14)), % < 0, and O(7*) < 0
(Eq. (D.1)), we conclude that %—S; < 0.

(D.21)

Y=

In the following lemma, we denote N = = and we denote S = 5*|,—g and S} = S*|,=1.

Lemma D.13. Let N = M. There exist strictly positive values K1, Ko such that K1 < Ky < K
with the property that S*| =1 k=, = S*|y=0.k=K> = STE|x_g = SY and:

(i) if K € [0, K1], then S* > SU for ally € [0, 1], with a strict inequality unless both K = K1
and v =1;

(i1) if K € (K1, K2), then there exists a unique 4 € (0,1) such that S* ; SU & v ; 449

(iii) if K > Ko, then S* < SY for all v € [0,1], with a strict inequality unless both K = Ko
and v =0,

where STE and K are defined in Eqs. (D.5) and (D.6).

Proof. By Lemma D.10, S* is decreasing in K for all v € [0,1], and S*|x—o = f(1) + pgAV >
SU. Furthermore,

S Nemr=i < S*’N:I/E,K:I_{ = SFR|K:1‘{ =sY, (D.22)

where the first inequality follows because S* is decreasing in N (Lemma D.11), and the
two equalities follow from the definitions of S¥# and K in Egs. (D.5)-(D.6) in the proof
of Lemma D.9. Thus, S*|x—o > SV > S*|ne@/z,m),k=F- Since S* is a continuous function
of K by Lemma D.10, the intermediate value theorem implies that for each N € (%, M| and
v € [0,1] there exists a unique K* such that S*|x_j~ = SY. Define K1 = K*|y_p,—1 and
Ky = K*|N=pm =0 Since S* is decreasing in N and v (Lemmas D.11 and D.12), it is immediate
that 0 < K} < Ky < K.

49The notation z z Yz g h means “z is greater than y, equal to y, or less than y if and only if z is less
than h, equal to h, or greater than h ”.
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Parts (i) and (iii) in the lemma follow immediately from the fact that S* is continuous
and decreasing in K and v (Lemmas D.10 and D.12) together with the definitions of K; and
K. Part (ii) in the lemma follows from the intermediate value theorem and the facts that (i)
S*|y=0 > SY > S*|,— for K € (Ki, K>), and (i) that S* is decreasing in v (Eq. D.12). W

Step (iii). In this step, we combine the technical results from Step (ii) and derive the critical
value v*.

Lemma D.13-(i) and Lemma D.11 imply that for all K < K firms are strictly better off
by listing compared to not listing for all N unless both K = K and v = 1, in which case firms
are indifferent if N = M and strictly better off listing for N < M. Thus, Theorem 1 holds
with v* = 0.

Lemma D.13-(ii) and Lemma D.11 imply that for all K € (K7, K2) firms are strictly better
off by listing compared to not listing for all v < 4 and N, and, therefore all firms list in
equilibrium for v < 4. For v = 4 we have that firms are indifferent between listing and not
listing for N = M and strictly prefer listing for N < M. Thus, in equilibrium, all firms list
when v = 4. Finally, for v > 4, firms prefer not listing over listing for N = M, but prefer listing
over not listing for N sufficiently close to 1/z. By Lemma D.11 and the Intermediate Value
Theorem, there exists a unique value N* € (1/z, M) such that N* firms list in equilibrium and
firms are indifferent ex-ante (i.e., S* = SY). Thus, Theorem 1 holds with 7* = 4.

For the case K > Ko, Lemma D.13-(iii) and Lemma D.11 imply that all firms are strictly
better off by not listing compared to listing for N = M unless both K = K3 and v = 0, in
which case firms are indifferent if N = M and strictly better off listing for N < M. Thus, in
this case all firms list in equilibrium. For all other cases (that is, either K > K3 and v > 0 or
K > K5 and v > 0), firms prefer not listing over listing for N = M, but prefer listing over not
listing for N sufficiently close to 1/z. By Lemma D.11 and the intermediate value theorem,
there exists a unique value N* € (1/z, M) such that N* firms list in equilibrium and firms are
indifferent ex-ante (i.e., $* = SY). Thus, Theorem 1 holds with v* = 0. This completes the
proof of the theorem.

|

Appendix E.

Proof of Theorem 2:

We prove the theorem in several steps.

Lemma E.14. The project maturity is longer in the coordinated benchmark than in the effort

without price benchmark, i.e., 7¢8 > 7EF.
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Proof. We prove by contradiction. Suppose that 7¢8 < 7P, Because f/(-) > 0, f”(-) < 0, the
first-order conditions in Egs. (32) and (36) imply that

— (1 - ]\?z) Spn¥(w§P) > —sppU(wh?) >0,

which implies
U(w§P) < v(wk?) <o. (E.1)

Because ¥(-) < 0,¥(-) < 0, Eq. (E.1) implies w§? > wEF. Then, because w&? > w§? > 0
(Proposition 2), it should be the case that wgB > wgB > wkr,
However, the IC constraints in Egs. (33) and (37) together with w&? > w§? > wE would
imply that
1
Nz
> (1- 57‘03) Apu (wgB) ,

Avu (wSP) + (1 - 1) (1 - 57°B) Apu (wgP)

(1 — 6TEP) Apu (wgJ ) = Nz

(E.2)

where the in where the inequality is true because u(w$?) > u(w§?) and Ao > Ap (Lemma B.4).
Then, Eq. (E.2) implies 78 > 7EF, This contradicts. [

Lemma E.15. Equilibrium project maturity is shorter than in the coordinated benchmark, i.e.,
™ < 7¢B,

Proof. We prove this by contradiction. Assume that all firms list in equilibrium, N = M, and
suppose that 7 > 7¢B. Note that Eqs. (29)-(30) are identical to Egs. (37)-(38) except that
7* is different from 7¢P (because A" = 1/(Nz) for all n € A in both cases). Because w* and
wg" are increasing in 7*" fixing A" (Lemma B.5), we have w¢, > wgB and w§ > wgB. Then,
because ¥(-) < 0,¥'(-) < 0, we have

1 1
V(ws) < U(w§?) <0 & (1 - ) Spr ¥V (w§) < (1 — > Spr¥(w§P) <0. (E.3)
Nz Nz
Using Egs. (B.14) and (E.3), we have

{ O(*) [oa W (ws) — par (1 — 67%) U (w

ey } Sl G o LA
Nz Wg

Because f'(-) > 0, f”(-) < 0, however, the first-order conditions in Egs. (27) and (36) together
with Eq. (E.4) imply that 7% < 7B which is a contradiction.
|
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Using Lemmas E.14 and E.15, we conclude that 78 > max(7*, 7). The inequality in
Eq. (40) is immediate from the comparison between the FOCs between equilibrium and the
effort without price benchmark. Because f(-) > 0, f”(-) < 0, 7* is smaller than 7 whenever

the RHS of Eq. (27) is greater than that of Eq. (32), and vice versa. [

Proof of Theorem 3:
First, we prove that S* < S¢B. The planner’s problem in Eq. (35) is strictly concave in 7°.
This follows from the fact that (i) the production function f is strictly concave, and (ii) the
proof of Lemma B.7 implies that under the optimal contract with fixed A", W" is convex in
7. Since 7* < 7¢B | it follows that S* < S¢B.

Second, we prove that S* > SEP. By concavity of each firm’s problem in project maturity,
we have

§* > S(rEP ) = f(rEP) - W (rEP A (2B ),

EP and

where W™ (7P y) denotes firm n’s wage bill under the optimal contract when 7" = 7
A" =y and A\"(75F; 7*) denotes firm n’s price efficiency when 7" = 75 and all other listed
firms’ project maturity equals 7*. By the Envelope Theorem (see the proof of Lemma B.6) we

have

oW (rEP Am)

5 =oc¥V(w) — pu (1 —67%) U(ws) < 0.

Therefore,
S* > Sn(TEP;T*) > f(TEP) _ Wn(TEP,O) — SEP.

This completes the proof.

Appendix F.
Proof of Proposition 5:

Consider the case where all firms list so that N = M. Let ¢ be a positive constant such that
Mz = ( for any level of M (that is, an increase in M is compensated by a decrease in z to
keep the product of the two at the constant level ¢). Then, the equilibrium informativeness
is unchanged at the level given by Eq. (26). Therefore, Egs. (29)-(30) imply that the wage is
unchanged by an increase in M fixing 7%, i.e.,

owg(1*) owg(r™)

T W 7 o 0. (F.1)

owg, (1*) _
ON -
Nz=¢

Thus, Proposition 5 follows from the proof of Lemma D.11 setting N = M and
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0. We also note that in the coordinated benchmark, 7¢% and S¢Z are determined in Egs. (36)-
(39) and are unaffected by the parameter N when NZ is constant.

For the case where M varies with z fixed, we have two cases. Either in equilibrium N = M,
in which case Lemma D.11 implies that S* and 7* are a decreasing function of M. If, instead,
N < M, then N remains constant as M varies, so that the number of unlisted firms M — N
increases with M, but listed firms’ project choice and shareholder value do not change. Thus,

overall, $* and 7" are a weakly decreasing in M. [ |
Proof of Proposition 6:

Consider first the case where all firms list so that N = M. In this case, Lemma D.12 implies
that 7* and S* decreasing functions of v. We also note that in the coordinated benchmark,
7B and S¢P are determined in Egs. (36)-(39) and are unaffected by the parameter .

Next, consider the case where some firms remain unlisted, N < M. In this case, 7" and N

are determined by the following system of equations:

T(r*) =0; (F.2)
st =8Y, (F.3)

where T (7*) is defined in Eq. (D.3), S* is defined in Eq. (31), and SU is defined in Eq. (25)
and is a fixed value independent of 7%, N, and ~.

Since SY is independent of 7*, N, and v, Eq. (F.3) implies that S* is unaffected by an
increase in 7.

Next, we prove that 7* decreases in 7. Step-(i) in the proof of Theorem (1) establishes that
T(7*) is decreasing in 7*, the proof of Lemma D.11 establishes that Y (7*) is decreasing in N,
and the proof of Lemma D.12 establishes that T(T*) is decreasing . Therefore, by Lemma B.5,
Eq. (F.2) defines N as a decreasing function of both 7% and ~. Thus, using Eq. (31) we can
write Eq. (F.3) as

f(r) —w-8Y =o, (F.4)

where W is the wage bill under the optimal contract. We note that W, depends on 7* di-
rectly but also indirectly through N, whereas VW depends on 7 only indirectly through N (see
Lemma B.6). Implicit differentiation of Eq. (F.4) gives

. oW ON
or* ON oy F 5
oy o f(m%) own _ 9™ ON - (F.5)

Since % > 0 (Eq. (D.16) and N is decreasing in v, the numerator of Eq (F.5) is negative. For

the denominator, using the expression for ag/Tv*" in Eq. (D.10) and T(7*) = 0 and the definition
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A

of T(7*) in Eq. (D.3), we obtain

O =06 Wi (r) — pur (1= 67 Wi )] >0 (F6)

f1) -

where the inequality follows by Egs. (D.1) and (B.14). Furthermore, since % > 0 (Eq. (D.16)
and N is decreasing in 7%, we conclude that the denominator of Eq (F.10) is positive. Therefore,

we concludes that %%* < 0. |
Proof of Proposition 7:

Consider first the case where all firms list so that N = M. In this case, Lemma D.10 implies
that 7* and S* decreasing functions of K. We also note that the first term in the RHS
of Eq. (D.7) depends on the sensitivity of price informativeness ©(7*) and represents the
amplification effect due to the strategic complementarity in project maturity. This term equals
zero in the coordinated benchmark, where price informativeness is independent of project
maturity.

Next, consider the case where some firms remain unlisted, N < M. In this case, 7" and N
are determined by the system of equations (F.2)-(F.3), where Y (7*) is defined in Eq. (D.3), S*
is defined in Eq. (31), and SY is defined in Eq. (25) and is a fixed value independent of 7%, N,
and K.

Since SY is independent of 7*, N, and K, Eq. (F.3) implies that S* is unaffected by an
increase in K.

Next, we prove that N decreases in K. Step-(i) in the proof of Theorem (1) establishes
that T(7*) is decreasing in 7*, the proof of Lemma D.11 establishes that T(7*) is decreasing
in N, and the proof of Lemma D.10 establishes that Y(T*) is decreasing K. Therefore, by
Lemma B.5, Eq. (F.2) defines 7* as a decreasing function of both N and K. Using Eq. (31)
we can write Eq. (F.3) as

f(r*) —wr -8V =o. (F.7)

Implicit differentiation of Eq. (F.7) gives

ON _ )= 5) G — G (F8)
0K (f'(m) = 5%) 3% — v
Using %lf*n in Eqs.(D.10) and using T(7*) = 0 and the definition of T(7*) in Eq. (D.3), we
obtain,
own\ or* or*
I k) — * * * o o * * *
()= G ) G = O oW wisr™) - pu (1 = 67 ()] G

Egs. (D.1) and (B.14) and the fact that 7* is decreasing in K imply that the previous expression,
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and, therefore the ﬁrst term in both the numerator and denominator of Eq. (F.8), is negative.
Since 2 8K " and 2% %~ are both positive by Egs. (D.11) and (D.16), conclude that % in Eq. (F.8)
is negative.

Finally, we argue that the effect of K on 7* is ambiguous. The argument used in this proof
to show that 7* is decreasing function of both N and K also implies that NV is a decreasing
function of both 7* and K. Using Eq. (31) we can write Eq. (F.3) as

f(r*) —=wr -8V =o. (F.9)

Implicit differentiation of Eq. (F.9) gives

* oW oW"™ ON
or — oK + ON 0K (F 10)
* own own™ 9N ° :
0K f/(m) — 5% — BK 5

The proof of Proposition 6 shows that the denominator of Eq. (F.10) is positive. Since
M- > 0 (Eq. (D.11) and 2% > 0 (Eq. (D.16) and N is decreasing in K, the sign of the

numerator of Eq (F.10) is ambiguous. Hence, the sign of % is ambiguous.

The proof for § is similar and is omitted.

Appendix G.

Proof of Proposition 8:

As a preliminary step, we prove the following results about the financial equilibrium induced

by firms’ project maturity choices with long- and short-term investors.
Lemma G.16.

(i) Let 7™ = 7 for allm € N\{n} and ™ < 7. Then, for p > 1—1/N we have \ = 1/(Nz),
whereas for p < 1 —1/N we have N = min{(1 — p)/z,A\*} > 1/(NZz) where \* solves

short-term investors’ indifference condition
1=X) A =7"y) =0 =X")(1—77) for allm e N\ {n}.

(ii) Let 7™ =1 for allm € N'\ {n} and 7" > 7. Then, for > 1/N we have X" =1/(NZz),
whereas for p < 1/N, we have A\ = max{u/z,\*} < 1/(NZz) where \* solves short-term

inwvestors’ indifference condition
1=X) A =7"y) =1 =AY (1 —77) for allm e N\ {n}.
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Proof of Lemma (G.16)-(i):

Let 7™ = 7 for all m € N\ {n} and 7™ < 7. We show that for p > 1 — 1/N long-term
investors are marginal investors for all firms in that \* = A™ for all m € N '\ {n}. In other
words, a firm that deviates from a symmetric maturity choice by lowering its project maturity
has no impact on its price informativeness. In this case, all short-term investors choose firm
n because it has informativeness identical to other firms but lower maturity. By contrast,
long-term investors are indifferent across all firms; €7, unit mass of long-term investors choose

firm n, and g — €7, unit mass of them are equally distributed over the remaining N — 1 firms.
The condition A = A\ for all m € N\ {n} requires

1— —
_ wt+er  p—ErL -\, (G.1)

A z C(N-1z

which is equivalent to e, = u — (N — 1)/N. Therefore, there exists £, € [0, u] such that (G.1)
holds if and only if 4 >1—1/N.

Next, consider the case where short-term investors are marginal investors for all firms.
Since 7" < 7, it must be A" > A™ for all m € '\ {n}, which implies that long-term investors
do not invest in firm n. Then, 1 — y—eg unit mass of short-term investors invest in firm n, and
€g unit mass of short-term investors are equally distributed over the remaining N — 1 firms.
The condition A\ > A\ for all m € N\ {n} requires

)\n

l—p—es p+es
— = \" G.2
z (N-1)z ’ (G-2)

which is equivalent to eg < 1 — u — 1/N. Therefore, Eq. (G.2) holds for some g € [0,1 — ]
if and only if © < 1 — 1/N. Short-term investors are marginal investors for all firms if the

following indifference condition holds:
(1=X)(1=7"y)=(1-=A")(1—77) for all m # n,

or equivalently,

l—p—es p+eEs
1l—-——= )1 =-7"y)=(1— ——-7+-— | (1— . G.3
(1- =) - = (1- 5 ) a - (@3)
When 7" = 7, the above equation is solved for eg = 1 — u — 1/N. As 7" decreases, £g must
decrease for the equality to hold. By inspecting (G.3) it is easy to verify that there exists
es > 0 that solves (G.3) for all 7 € [0,7) if (1 —p)/z > 1. If, instead, (1 — p)/Z < 1, then
there exists ¢ € [0, 7) such that (G.3) holds for all 7" € [t,7), but for all 7" € [0,¢) short-term
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investors are strictly better off investing in firm n and A" = (1 — u)/Z; long-term investors are

strictly better off investing in all other firms. |

Proof of Lemma (G.16)-(ii):

Let 7™ = 1 for all m # n and 7 > 7. We show that for 4 > 1/N long-term investors are
marginal investors for all firms such that A™ = X for all m € N\ {n}. In other words, a
firm that deviates from a symmetric maturity choice by increasing its project maturity has no
impact on its price informativeness. Since firm n has same price informativeness as other firms
but longer maturity, short-term investors do not invest in firm n. On the other hand, long-
term investors are indifferent across all firms; u — 7 unit mass of long-term investors choose
firm n, and ey, unit mass of them are equally distributed over the remaining N — 1 firms. The

condition \" = A requires

p—er l—pu+eg
z  (N-1)z

Ap = = Am, (G.4)
or equivalently, e, = u — 1/N. Then, there exists ¢;, € [0, u] solving (G.4) if and only if
uw>1/N.

Next, consider the case where short-term investors are marginal across all firms. Since
" > 7, it must be A" < X for all m € N '\ {n}, which implies that all long-term investors
invest in firm n because it has lower price informativeness than other firms. On the other
hand, eg unit mass of short-term investors invest in firm n, and 1 — 4 — g unit mass of them

are equally distributed over the remaining N — 1 firms. The condition A" < A" requires

_ptes _l-—p—es

ho= B IS (G5)

oreg < 1/N — p. Then, there exists eg € [0,1— p] such that (G.5) holds if and only if 4 < 1/N.

Furthermore, A" must satisfy short-term investors’ indifference condition
(I=XA") (1 —=7")=(1—-=X")(1—7y) for all m # n,

or equivalently,

<1 - “*;S> (1= 77) = (1 - m> (1—7) forallm#£n.  (G.6)

When 7" = 7, the above equation is solved for eg = 1/N —pu. As 7" increases, £g must decrease
for the equality to hold. There exists eg > 0 that solves (G.6) for all 7" € (7, 1] if p < ug, (1),
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where uz, (7) solves

pr (7) 1—pg (7)
1- l—vy)=(1-——F""+2Z| (11— G.7
(1= a-m = (1- D) -, @)
and it is immediate to verify that pz, (7) € (0,1/N). If, instead, p € (ur (7),1/N), then there
exists t' € (7,1) such that (G.6) holds for all 7 € (7,¢], but for all 7" € (¢',1] long-term
investors are strictly better off investing in firm n and A" = pu/Z; short-term investors are

strictly better off investing in all other firms. |

Proof of Proposition 8-(i):

Assume all firms choose maturity 7. For p < 1/N, Lemma G.16 implies that when a firm devi-
ates locally to some 7" # 7, its price efficiency is determined by the same indifference condition
as in the original model without long-term investors. Therefore, by the strict concavity of the
firm’s problem established in Appendix C (Lemma B.7), if a symmetric equilibrium exists, it
must be equal to the original model, 7# = 7*.

Consider a firm’s deviation to 7" < 7*. Then, A" is at most the value that short-term in-
vestors’ indifference condition is satisfied (Lemma G.16-i). Therefore, the firm has no incentive
to deviate because its payoff of deviation is less than or equal to the payoff of deviation in the
original model.

Consider a firm’s deviation to 7 > 7*. Then, there are two cases. Define pu* = ur (7%)
(see Eq. (G.7)). If u < p*, the payoff of deviation is identical to the payoff of deviation in the
original model (Lemma G.16-ii). Therefore, the firm has no incentive to deviate, which implies
choosing 7* is the unique equilibrium. If p € (p*,1/N), if a symmetric equilibrium exists, it

must be equal to 7% (Lemma G.16-ii). [

Proof of Proposition 8-(ii):

Assume all firms choose maturity 7. For p > 1 —1/N, Lemma G.16 implies that when a firm
deviates to some 7" # T, its price efficiency is unchanged and equal to 1/(ZN). Therefore, this

is the same as the case where informed trading is exogenous and the equilibrium is 7¢2. W

Proof of Proposition 8-(iii):

Suppose that there exists a symmetric equilibrium, and all firms choose maturity 7. For
we[l/N,1—-1/N), Lemma G.16 implies that when a firm deviates to some 7" > 7, its price
efficiency is unchanged and equal to 1/(ZN). Therefore, 7# > 7P is necessary for otherwise
deviating to 7" > 7H is profitable. However, when a firm deviates to some 7" < 7, its price

efficiency is determined by short-term investors’ indifference condition. Therefore, 7# < 77 is
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necessary for otherwise deviating to 7 < 7/ is profitable. Since 7¢B > 7%, the two necessary
conditions cannot be met simultaneously.

This concludes the proof of Proposition 8. |

Proof of Proposition 9:

In a clientele equilibrium, Ng firms choose maturity 7¢ and N — Ng firms choose maturity
71, where ¢ < 77,. Initially we take Ng, 7g, 7, as given and derive conditions such that it is
optimal for short-term investors to invest in short-term firms and for long-term investors to
invest in long-term firms. Let ANg be the set of short-term firms and N7, the set of long-term
firms. With this allocation of investors across firms, price efficiency for short-term firms, A\g

say, equals
I—p

Ag = .
s ZNg

Similarly, price efficiency for long-term firms equals

I

NN

We denote ag the fraction of short-term firms, ag = %, and we denote the level of price
1

efficiency in a symmetric equilibrium as A = s5- With these definitions, we can write

1—pu) A
Ao LZWA -y EA (G.8)
ag 1—ag

Since 79 < 71, short-term investors will invest in short-term firms only if A\; < Ag < 1, and

therefore, by Eq. (G.8), we must have
a=l-pu>as>1-pr=a (G.9)
Since 1 < Ng < N — 1, Eq. (G.9) also implies

1
I—(N-1Dz<p<l——

¥ (G.10)

Furthermore, for short-term investors to invest in short-term firms, Ag, A, 7g, 77, must satisfy
(I=As)(L—7g7) = (1 =Ar) (L —77).

Since Ag > Ar, it is optimal for long-term investors to invest in long-term firms.
Next, we define
vs (7", 75, a8) = f(77) =W (7™, A"),
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where A" solves short-term investors’ indifference condition
1=XN)YA=7"y)=10-=X")(1—-7s7), for all m € Ng\{n}. (G.11)

Because A\ in Eq. (G.11) is a function of ag, A" is a function of 7", 75, ag. Let 75 (7s; aeg) be
the best response

7s (Ts; as) € argmaxvg (1", 75, ag) -

By Theorem 1 (with N replaced by Nag) the fixed point 7§ = 7 (7¢; ag) exists and is unique.
Hence, we denote

vs =vg (15,75, as) .

Also, define
vy (7" 1, a8) = f(T™) =W (", A1)

where \p, = 12;5 (Eq. (G.8)). Let 7; (71; avg) be the best response

7 (115 8) € argmax vy, (77, 7, ap) .
Tn

By Section 5.2.2 (with N replaced by N (1 — «ag)), the fixed point 77 = 7, (7]; a.g) exists and

is unique. Hence, we denote

~

vy = v (17,71, Q8) -

For clarity, in the rest of the proof, we make explicit the dependence of 7;,7g, 01, Vs on ag by
writing 77 (as) , 74 (as) , 71 (as) , Vs (as).
Lemma G.17.

(i) \s (as) is continuous and decreasing in ag with Ag (o) = 1 and Ag (@) = X\; A\p (ag) is
continuous and increasing in cg with Ar, (@) = (M) /(1 — (1 —p) X) and A\ (&) = .

(ii) s (ag) is continuous and decreasing in ag with 7 (o) = 1 and 75 (@) = 7*; 71 (g) is

continuous and increasing in o with 1, (o) < 17, (@) = 7¢8.

(i1i) g (ag) is continuous and decreasing in ag with vg (o) = f(1) = W(1,1) and vg (&) =
f(r*) —=w (7—*,_5\) ; U1 (ag) is continuous and increasing in ag with vy (o) = f(11 () —
w <TL (Q) ) 17(?#)5\) and ﬁL (d) = f(TCB) - W (TCB, X) )

Proof of Lemma G.17-(i):

This is immediate from Eq. (G.8). [
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Proof of Lemma G.17-(ii):

Following the same steps as in Proposition 5, we can show that 7§ is decreasing in ag and
that 77 is decreasing in ag. By the implicit function theorem, 7g,7; are continuous in ag.
Furthermore, since \g (@) = 1, it is immediate that 7¢ (o) = 1. This is because firms have no
incentive to deviate to a shorter maturity to increase price informativeness, and the manager’s
compensation only depends on the price realization in t = 1. Also, since \g (&) = A, it is
immediate that 7¢ (&) = 7* by Theorem 1. Similarly, the analysis in Section 5.2.2 implies that

for Az (@) = X we have 77, (&) = 7¢5. [

Proof of Lemma G.17-(iii) :

We first show that 7, («g) is increasing and continuous in «g. This is because Af, («) is con-
tinuous and increasing in «, and, by the Envelope Theorem, each firm’s wage bill is continuous
and decreasing in price informativeness (see the proof of Lemma B.6). Therefore, by the Enve-
lope Theorem and the planner’s problem in Eq. (35) (with N replaced by N (1 — ag)), 71, (as)
is increasing and continuous in ag.

Next, we show that g (ag) is decreasing in ag. By contradiction, assume oy > ag and

Us (aly) > g (ag), or, equivalently
F(75 () =W (75 (0%) s As (als)) = f(75 (as)) = W (75 (as)  As (as)) - (G.12)

By Lemma G.17-(i) and -(ii), we have g (ay) < Ag(as) and 75 (o) < 75 (as). Eq. (G.11)
implies that when the fraction of short-term firms is ag, if firm n deviates to 7" = 7§ (oy) <
Ts (ag), its price informativeness A" is such that \™ > A\g (a,g). Since W is decreasing in \, we

have
(75 (o)) = W (75 (as) , A") > (75 (als)) = W (75 (o) . As (o)) -

By Eg- (G.12), this is a profitable deviation, which contradicts the optimality of 7§ (ag).
Finally, W is continuous in 7g,Ag, and 7g,\g are continuous in ag. Therefore, Dg is continuous
in ag.

The values for vg (), vr (@), vs (@), (@) follow directly from the definitions of g, Iy,
together with Lemma G.17-(i) and -(ii). [

To conclude the proof of Proposition 9 we observe that, by Lemma G.17-(iii), we have
vs (a) > v (a) and vg (@) < vr (&). By continuity of g, 7, there exists an intermediate
value a* € (a, @) such that vg (a*) = ¥, (a*). Since, by Lemma G.17-(i), we have g (a*) >

Az (o*), then we can show that Dg (o) = 7, (o) requires 7§ (a*) < 77 (o*). Suppose not, i.e.,
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7§ (o) > 7} (*). Then, 05 (a*) = U, (ag) is equivalent to
f(7s(a®) = f(rp (@) = W (75 (@), As (7)) = W (77 (a7) , AL (@)

Since 7¢ (o*) > 77 (*) and f is increasing, it must be W (7§ (a*) , Ag (a*)) > W (77 (a*) , AL (a¥)).
But this is impossible because W is decreasing in A and increasing in 7 (see the proof of
Lemma B.6).

Furthermore, by Lemma G.17-(ii), we have 7% < 74 (o*) < 71 (a*) < 795,

Consider a candidate equilibrium number of short-term firms Ng where g = Ng/N is
such that 7§ (a*) < 77 (a*). Short-term firms do not have an incentive to deviate to a lower
T nor to a marginally larger 7 because a deviating firm’s X is determined by Eq. (G.11) and
the deviation cannot dominate 7§ (avg) by construction. Hence, short-term firms do not have

an incentive to deviate if

. n ) )
vg(avg) > max ™ -Wl{m" —, G.13
S( S)_T"ZTg(as)f( ) ( Z(l—OZS—F’I’]) ( )

Where we define n = 1/N. Notice that Eq. (G.13) can be equivalently written as

s (as) > o (s — 1), (G.14)

Similarly, a long-term firm does not have an incentive to deviate to a greater 7 nor to a
marginally lower 7. This is because a deviating firm’s A is just Az (ag), and the deviation
cannot dominate 77 (ag) by construction. Hence, long-term firms do not have an incentive to
deviate if

vp(ag) > max  f(r") =W (", \"). (G.15)

™ <7f ()

where A" solves short-term investors’ indifference condition
1-=XN)Y1—=7"y)=10-A")(1—-7s7), for all m € Ng.
Notice that Eq. (G.15) can be equivalently written as
vr (ag) > vs (15 (15 (as) ;a5 + 1), 75 (ag) ,as +1) (G.16)

Therefore, Ng, 7¢ (as) , 7j (ag) is an equilibrium if both Eq. (G.14) and Eq. (G.16) hold.
Next, we prove that, for ag = a*, both Eq. (G.14) and Eq. (G.16) hold. Eq. (G.14) holds
because vg (o) = Ur, (*) and g is decreasing. Eq. (G.16) holds because

v (o) = vs (@) = vs (75 (15 (%) ;0" 4+ 1), 75 (@), & + 1) [y=o, (G.17)
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and, by the Envelope Theorem and the fact that the wage bill is decreasing in price efficiency,
and price efficiency is decreasing in the number of firms, the RHS of Eq. (G.16) is decreasing
in 7.

Finally, consider the case where the integer constraint on Ng is taken into account. Let
N§ be such that N§/N < o* < (N§+ 1) /N and define o~ = N§/N and ot = (N +1)/N.
For N finite but sufficiently large, the distance between o~ and o™ can be made arbitrarily
small. We can verify numerically that either Ng or N + 1 are an equilibrium.

This concludes the proof. [

Appendix H.
Proof of Proposition 10:

The proof is parallel to that of Proposition 2 except that there are extra constraints due to
the salary cap in Eq. (41). Using the same argument as in the proof of Proposition 2, we can

*kTY

find that wg™ = wip™ = wy™™ = 0, and also drop the non-negativity constraints. Furthermore,

because wg' > wg" (Lemma B.5) under the optimal contract without salary cap, it is always
the case that the constraint on wg binds first between the two constraints on w¢, and wg.
Therefore, to ensure that the incentive compatibility is implementable, it has to be the case
that wg < w never binds. Then, under such parametric values of w, the optimal contracting

problem becomes as follows:

)7\/\”(7'”) = min  ANogwi+ (1 —-N")(1—-07") puwy, (G.1)

{wg,'wg}GRi
subject to the binding IC constraint (17):
A"Acu (we) + (1 —A") (1 —07") Apu (wg) = K, (G.2)

and the salary cap from Eq. (41):

Then, the Lagrangian is given by

L=Nogwg + (1 = A") (1 =67") ppwy
K — X'"Acu (wg) (G.4)

Y oAy em) Apu ey | T - wg),

where vy, 1, are the Lagrangian multipliers, which are non-negative. When the constraint in
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Eq. (G.3) does not bind (1, = 0 and w§" < w), the optimization problem degenerates to the
same problem in Proposition 2, i.e., wi™ = wg* and wg™ = wd*. When it binds (1), > 0 and

wg' = w), the solution is given by

EE 20 —

A
wi™ =w, and wiT ="t A Aou(w) .
(1=A")(1=6m)Ap

The first-order conditions derived from Eq. (G.4) become

Nog — 1/Jk)\”AUu/(wg") — Yy =0,

(G.5)
pr — rpApu (wg™) = 0.
As in Proposition 2, the Envelope theorem implies
OV N (o " o
0 Ao (™) + (avkl—a >—<1—A%é)Azm 5
k k P (G.6)

oA" *%1 A *%1 n %M
=a |:O'G (wG wk—au(wG )) —pg (1 =067") U (wg )]
T (e

+ (1= A")opr ¥ (ws™),

where the second equality is due to the first-order conditions in Eq. (G.5). Using Eq. (G.5),

we can alternatively represent Eq. (G.6) as

DWW OA" oen A wxn
o ( R S ) o (1= 67 W)

orm o e " oaAou "(wg™) (G.7)
+ (1= A")opr ¥ (wg™),
which is equal to Eq. (B.11) if salary cap does not bind, i.e., Eq. (G.7) becomes
AWV A"
O g™ — par (1 — 97) W(w™)] )

+ (1= A")opr ¥ (ws™),
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Then, similarly as in Eq. (B.15), we can derive

PWr A [ [ Acpy u(w) . .
(O1™)?2 :(87")2 _UG <w RN u’(w:é*")) = (1=07%) pr ¥ (wy )]
— S0P Y (wE") + (1= V0oV (wi) aﬁz (G.9)
ON" [Aopy  u(w) Owy" n b ey OWET
T | Ao u(wg™) Ot (1 —=07") pr V' (wg") orn

Because 9?\"/(07™)? is negative (Proposition 1), Eq. (B.14) implies that the first term in
Eq. (G.9) is positive. Because dA"/O7™ is positive (Proposition 1), and () is negative
(Eq. (B.12)), the second term in Eq. (B.15) is also positive. Because ¥'(+) is negative (Eq. (B.13))
and Jwg'/0T™ is negative (Lemma B.5), the third term is also positive.

In case the constraint binds, v, > 0, which in turn implies that 1} is greater than the
case the constraint does not bind due to Eq. (G.5). Then, Eq. (G.6) further implies that the
marginal increase in the wage bill W" with respect to an increase in 7" is greater under salary

cap than the wage bill W" without salary cap at any level of maturity 77, i.e.,

oWn _owr
orm orm (G.l())
o\"

=5 oW (wE™) — pr (1= 67") U (ws™)] 4+ (1 — A")dpg P (wg™) < 0,
where the equality is due to Eq. (B.11), and the last inequality is due to Lemma B.6. When
wE™ < w, the first inequality holds with equality in Eq. (G.10). When wg™ = w, and the first
inequality holds strictly.

In a symmetric equilibrium defined in Definition 1 but with salary cap, all firms choose the
same contract, denoted by wg" and w§* (i.e., wg = wi™ and w§ = w§" for all n € N). They
also choose the same maturity, denoted by 7**, and thus, we have \" = 1/(Nz) for all n € N

in equilibrium. Therefore, given the equilibrium choice of 7**, Eq. (G.7) should be equal to

oWn
orm

o o AO’pH u(wg*) >
=0 o — — 1—67") U(wE
T (™) [ ¢ <wG ogAp u’("w}*) it ( ™) ¥ (ws) (G.11)

+ (1= X")opr ¥ (wg).

Now, we prove that 7°* < 7% under a symmetric equilibrium when the salary cap binds.

As in Theorem 1, the equilibrium maturity 7** under salary cap is determined by trading off
between production and managerial compensation:
oW

() = . (G.12)

OT™ |
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On the other hand, the equilibrium maturity 7% without salary cap is determined by

_own
- om

f'() (G.13)

TN =%

Because f/(-) is negative and increasing and oW JoT™ < OW™ /01" < 0 whenever w§ = w0,
Egs. (G.12)-(G.13) imply that 7** > 7* whenever the salary cap binds in equilibrium. Note
that 7°* = 7* when it does not bind.

Finally, it is straightforward to show that, fixing the choice of maturity 7™ = 7%, the
shareholder value is greater for the case without salary cap because the cost of compensation is
smaller or equal to the case under salary cap (recall that the contracting problem under salary
cap features one more constraint in the optimization problem.) Theorem 2 shows that the
equilibrium maturity choice under endogenous choice without salary cap is already excessively
short-term. Given the concavity of the shareholder value in the social planner’s problem, the
shareholder value becomes even lower as the maturity shortens (i.e., 7* increases). But our
result shows that the choice under salary cap is even more short-term than that without salary

cap, which implies that the shareholder value should be lower under the salary cap.

Appendix I
Optimal Managerial Compensation with Hidden Choice of Project Maturity

In this appendix, we assume that the manager chooses the project duration and that this choice
is private information of the manager. We further assume that the manager’s compensation
contract can depend on the timing of the project’s payoff (i.e., whether the project pays off
early or late).”” In this scenario, shareholders offer an incentive compatible compensation
contract that specifies the project duration 7" that the manager will choose. The contract is
observed by investors before they decide on which stock they will acquire information.
Compared to Section 4.2, the number of states that are relevant for contract expands.
Using a similar argument as in the main model, however, we can show that: (i) the optimal
contract does not depend on the timing of the payoff realization when the price reveals the
signal to be good, and (ii) the optimal contract pays nothing to the manager when (a) the price
reveals the signal to be bad, (b) the price is not revealing and the manager exits before the
project pays off, or (c) the price is not revealing and the project fails (regardless of whether it
realizes early or late). However, if the price is non-revealing and the project is successful, the

optimal contract differentiates between an early realization of the payoff (with corresponding

59More generally, the size of the cash flows at liquidation can also signal the manager’s choice of 7. For
simplicity, however, we assume that the size of the cash flows is not contractible.
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payment wgl) and a late realization of the payoff in case the manager does not exit early (with
corresponding payment wy, ).

The following proposition derives the optimal contract for a given choice of 7.

Proposition 11. (Optimal Managerial Contract with Hidden Choice of Project Maturity)
Given 7", there exists a unique optimal contract. For the optimal contract, wi' = wp' =

wgn =0 and wg' > wgff > 0 and wa; > wgff > 0, where wg', wgff and wi“q’; simultaneously solve

MNAou (W) + (1= A") Apu (w§') = K (L.1)
og Ao , . | 1-T" "

— = —u(w + L.2
on ~ Bp" ) [w(wi’é’f) u/(w?;)] )

wl, = u! <E‘ffi;> . (1.3)

Furthermore, if u(z) = fj, the wage bill W™ is increasing in 7".

For § = 0, Eq. (I.3) implies wg, = wg . Intuitively, when the manager is long-lived
any project maturity is incentive compatible because the manager is indifferent about the
timing of the compensation. In this case, the optimal contract is identical to the case where
shareholders choose 7 (or, equivalently, to the case where the manager chooses 7 and this
choice is contractible). By contrast, for 6 > 0 Eq. (I.11) implies wg, > wg . Intuitively,
the late compensation must exceed the early compensation for an impatient manager to be
indifferent among project maturities. Proposition 11 shows that the main qualitative feature of
the optimal contract in the main model (Proposition 2), that a decrease in the project duration
reduces the wage bill, is robust to the case where the manager chooses 7 and this choice is

private information.
Proof of Proposition 11:

Using a similar argument as in the main model, we can show two preliminary results. First, the
optimal contract does not differentiate between early and late realization of the payoff when
the price reveals a good signal. This follows from the first-order conditions for the shareholder’s
problem. Second, the optimal contract does not differentiate between early and late realization
of the payoff when the price reveals a bad signal or the project is unsuccessful. In these cases,
all payments must be zero or shareholders could reduce the wage bill without affecting the
manager’s incentives. Incorporating these features of the optimal contract, the shareholders’

wage bill is given by

E[w"] = Noguwgy + (1= X") pg [(1 = 7™)w, + 7" (1 — 0)wd,] . (1.4)
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An optimal contract minimizes the shareholders’ wage bill:

WH(r™) = min  E[w"],

{wg‘7wg1 7wg2}
subject to (i) the manager’s participation constraint (PC):
Nogu (wg) + (1 —A") pu [(1 — T")u(wgl) + (1 — 5)u(w§2)] > K,
(ii) the manager’s incentive compatibility constraint (IC):
Nogu (wg) + (1 =X pg [(1 — 7™ u(w,) + 7"(1 — §)u(ws,)] — K > max{up,ur},
where we define

i = max N'ogu (wf) + (1= N") pr (L= rJu(,) + 701 = du(ws,)] - K,

and
it = e Nopu () + (1= X) pr [(1 = Tjulu,) + 7(1 - du(ug,)].

and (iii) the limited liability constraint (LL):

n n n
Waq, wsl,wSQ Z 0.

(L7)

(1.9)

(L.10)

Notice that in the RHS of Eqgs. (I.8)-(1.9) price informativeness is not a function of the

manager’s choice of 7 because investors do not observe this and they anticipate that the

manager will implement the incentive compatible choice 7™ specified in the contract. Since the
RHS of Egs. (1.8)-(1.9) are linear in 7, it follows that 7 € (0, 1) is incentive compatible if and

only if

u(wg,) = (1 = d)u(wg,),

Therefore, we can rewrite the IC constraint in Eq. (I1.7) as

which pins down w?%_ as a function of w¥% :
Sz Sl

ws, = g(wg,)

N'Aou (wi) + (1= A") Ap (wl,) > K,

and standard augments imply that the IC constraint must bind.
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To solve for (wg,wy, ) in case § > 0, we write the Lagrangian for the problem as

K — X"Acu (wg)

L=N'ogug+ (1= X") ppr [(1 = 7")wg, +7"(1 = d)g(w§,)] + —(1=A")Apu (w,)
S1

)

where 1 is the Lagrangian multiplier. The first-order conditions with respect to wg, and wg,

are given by
oc —pAcu (wg) =0, pu[(1—7")+7"(1—=0)g (wg)] — vApu (w§') =0, (I.13)

which, together with the definition of g in Eq. (I.11), implies

Ug_Aa , 1—7" "

= 3" ) )

” (L14)

An optimal contract is therefore pinned down by {w¢', w§?, wg] } that solve Eq. (I.11), Eq. (I.14),
and the IC constraint
MNAou (W) + (1= A") Apu (w§') = K. (I.15)

Following similar steps as the proof of Proposition 2 we can further show that the optimal
contract is unique given 7" and that wg" > wg.

Next, we consider the case u(z) = 2'7%/(1 — a). Given our assumption that u(0) = 0, we
restrict our attention to a € (0,1). In this case, Eq. (I.11) and Eq. (I.14) imply

Wy, = Kowg, (I.16)
wy! = Kwg' (I.17)
rowg' = (1 —1")wg! +7"(1 — §wgy,, (I.18)
where
Ko =(1—08) = (1.19)

ocAp 3
K1 = ( P20 a> (1.20)

1—7mn+717(1—0) T-a

1
_ (96Ap\ = n, .n -2 -a
Ko = (pHAU> (1 T+l —6) T )

(1.21)

Since ogAp < pgAoc from Lemma B.4 and «a, 0, 7" € (0,1), then it is immediate to verify that
Egs. (I.19)-(1.21) imply o > 1 and k1, k2 € (0, 1).
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Next, we prove that W" is increasing in 7. Following similar steps as in the proof of

Lemma B.6, we obtain, after some manipulations, that

own o
9~ o loa¥(w) — pu [(1 = 77) U(wE) + 77 (1 — 0) ¥(wg))]] (1.22)
+ (1= A")pn [(1 = O)wey —wg)]
where
_ o u(w)
U(w) =w o (w) <0
Using Eqgs. (1.16)-(1.18) and the definition of ¥, Eq. (1.22) simplifies to
own ON™ wit . o
- S (0 — prra) + (1 - N pguff (v — 1) (1.23)

orm o1 —a

Because OA" /01" is negative (Proposition 1), and oy > pg, and kg > 1 and k2 < 1, Eq. (1.23)

implies that W™ is increasing in 7". |
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