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Abstract

I measure the social cost of stock-based compensation schemes in a model in which
the CEO learns from market prices. In my model, all agents commit a small
correlated error when forming their expectations about future productivity. The
equilibrium stock price thus aggregates private information with noise. I show that
a stock-based compensation scheme leads the CEO to overuse the price information
by a factor of three, which in turn makes the excess return and investment growth
excessively volatile. I calibrate a DSGE model that embeds this mechanism, and
estimate an implied welfare loss of 0.55% of permanent consumption. Surprisingly,
if households were given the choice within this model of preserving the status quo
or forcing the CEO to ignore all price information, they would choose the latter.
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1 Introduction

Executive compensation has always been a controversial topicH In particular, the public
has focused its attention on stock-based compensation as one of the primary reasons
for the recent financial crisis. A commonly quoted objection is that under this form
of compensation, CEOs are tempted to concentrate too much on “the markets” when

making their investment decisions.

In this paper, I offer a theoretical foundation for this notion: under stock-based
compensation, the CEO relies too much on market prices, which brings more noise into
the real and financial side of the economy, thus causing welfare losses. In my model, all
agents are near-rational: they make small errors when forming their expectations about
the future, which renders the stock price noisy on the one hand. On the other hand, the
stock price reflects the agents’ private information as well. Thus, as in a real market, the
stock price is neither perfectly revealing nor pure noise but provides clouded information.
The firm’s capital investment decision is delegated to the CEO, who can improve the
investment allocation by inferring information from the stock price. In this setting,
stock-based compensation is inefficient because it induces the CEO to commit a socially
costly error when choosing capital investment. In a constrained efficient allocation that
takes the agents’ near-rationality as a given, the CEO should allocate less weight toward
stock price information when forming his expectation about the future. The competitive
equilibrium thus suffers from a CEO that follows the financial market too closely when

determining firm investment.

I first analyze the efficiency of stock-based compensation in a simplified static model.
A representative firm hires a CEO to decide on its capital investment. This assumption
constitutes the only possible agency conflict in the model: the CEO acts in his own self-
interest, which does not necessarily coincide with household welfare. Although aligning
the CEQO’s payoff with that of the shareholders usually avoids this conflict, this logic

turns out to be flawed in my model.

Besides capital investment, two dimensions of uncertainty influence the firm’s terminal

value: internal and external uncertaintyﬂ The CEOQ is precisely informed about internal

!See [Murphy| (2012) for an excellent survey about the literature on executive compensation.
2T refer to information about internal (external) uncertainty as “inside (outside) information.”



uncertainty, whereas households are endowed with outside information only. Hence, the
CEO is the best-informed agent in economy. However, he does not necessarily know
everything insofar that some aspects are the households’ exclusive knowledge. The CEO
has one possibility to acquire some of this outside information: the equilibrium stock
price partially reflects the households’ private information when they trade in the stock
market. Because of the near-rational behavior of all agents, this aggregation of outside
information is clouded with noise, but it still serves as an endogenous public signal.

Therefore, each agent - and in particular the CEO - can learn from the stock price.

The question is how much the CEO should learn from the stock price; that is, how
much weight he should put on this signal. Intuitively, one would expect him to weight
this signal by its relative precision. However, the answer is more complex in this setup:
although this intuition works out for the CEO, it does not lead to a social optimum. This
mismatch of private and social incentives results from the following externality: although
a slight deviation from the fully rational amount of capital investment is individually
inexpensive, it is considerably costlier from a social point of view. The reason for this
amplification is the positive correlation between this deviation and the equilibrium stock
price. The near-rational error is correlated in the cross section of agents and is therefore
reflected in the stock price. Because the CEO takes the equilibrium stock price as given
when he decides on capital investment, this correlation does not affect his private loss.
From the households’ ex-ante perspective, however, this correlation is costly because it

leads to a systematic misallocation of capital.

In the constrained first-best outcome with full discretion, the social planner takes the
CEQ’s near-rational behavior as given but can decide on his use of information. Surpris-
ingly, the equilibrium under stock-based compensation is not even constrained efficient:
the social planner can mitigate the social cost resulting from the CEQ’s near-rational
behavior by reducing the weight attached to price information in the CEQO’s capital in-
vestment decision. The implied ex-ante distribution of capital investment exhibits a lower
mean and variance. Therefore, stock-based compensation leads to excessively high and
volatile capital investment in equilibrium compared to the constrained first-best. Impor-
tantly, these two socially costly distortions in the CEO’s capital investment decision are

due solely to his inefficient use of information.

Next, I consider an alternative contract in which CEO compensation is a function of



two components: (i) the firm’s terminal payoff as before and (ii) a bonus that rewards
the CEO when the private marginal ¢ resulting from his investment decision is close to
the average ¢q. This contract nests both the competitive equilibrium and the constrained
first-best with full discretion as special cases but also allows the social planner to limit
the degree of CEO discretion by tying investment to the average g. I show the socially
optimal contract always limits CEO discretion such that the stock-based component is
down-weighted. The relative weight of stock-based compensation is particularly small, if
the CEQ’s inside information is relatively unimportant compared to outside information.
If, on the other hand, future productivity is primarily driven by inside information, the
constrained efficient contract gives the CEO a high degree of discretion such that firm

investment can effectively reflect the CEQO’s informational advantage.

Given the intuition built in the simplified static model, I implement the same mech-
anism in a dynamic setting and calibrate the model to match key macroeconomic and
financial data moments. To this end, I decentralize a standard production-based asset
pricing model by allowing for a cross section of privately informed households. As before,
I assume the firm’s investment decision is delegated to a utility-maximizing CEO who

receives information about certain aspects of the firm’s future productivity.

Furthermore, risk-averse households supply labor to a representative firm and invest
their wealth in stocks and bonds. As a result, the firm’s equilibrium stock price aggregates
the households’ private information and serves as an endogenous public signal that the
CEO can use to improve his capital investment decision. Together with endogenously
supplied labor, and a persistent productivity shock, the CEQ’s capital investment decision

determines the firm’s output.

To solve the model, I show the agents’ signal extraction problem is independent of
the aggregate dynamics. As a result, the agents’ conditional expectations take exactly
the same form as in the simple model. I solve the model numerically using perturbation
methods, taking the households’ average expectation about future productivity as an ad-
ditional state variable. In equilibrium, all agents in the economy can extract this average
expectation from the firm’s stock price to update their beliefs about future productivity.
Using this methodological framework, I can extend a standard DSGE model with the
realistic notion that prices play an informative role. In this adjusted dynamic model, I

can quantify the efficiency loss accruing from stock-based compensation.



After calibrating the model, I compare the competitive equilibrium under stock-based
compensation to the constrained first-best. This analysis yields three main results: (i) the
CEO relies too much on price information when forming his expectation about the future,
(ii) this distortion leads to a welfare loss of about 0.55% of life-time consumption, and
(iii) the excess stock return and investment growth are excessively volatile. Furthermore,
I compare these two scenarios to an economy in which the CEO is forced to ignore infor-
mation revealed by the stock price. Relative to the constrained first-best, this alternative
setting leads to a welfare loss of about 0.46% of lifetime consumption. Interestingly, this
loss is smaller than that associated with the competitive equilibrium. As a result, in my
preferred calibration, the households are better off relative to the competitive equilibrium

if the CEO ignores information transmitted through the stock price.

The idea that efficient stock markets aggregate private and public information into
stock prices is a central topic in financial economics and can be traced back to
. The extent to which prevailing prices are informative about the future value
of a firm is important for both traders and real decision makers, such as firm managers,
central bankers, or politicians. The more information these agents can extract from stock
prices, the more they can improve on their economic decisions, such as trading, corporate
investment, and policy interventions. This notion that real decision makers appear to
learn information from prices has received recent empirical support from ,
\Chen, Goldstein, and Jiang| (2007)), Bakke and Whited, (2010)), Edmans, Goldstein, and|
Jiang) (2012)), and [Foucalt and Fresard| (2013).

This key insight of informative prices led to the large literature on noisy rational

expectations equilibria following Hellwig (1980) and Diamond and Verrecchiaj (1981). In

these models exogenous noise trading clouds the informational content of stock prices.

In this paper, I follow Hassan and Mertens| (2011)) and Hassan and Mertens (2014b)), by

introducing near-rational errors instead of noise traders. This approach allows me to
make inferences about investor welfare. The notion of near-rationality puts discipline on
the amount of noise in equilibrium asset prices, which is consistent with the idea that

losses to individual traders causing this noise must be economically smallEl

A recent literature models an informational feedback effect from the financial market

3See also |Akerlof and Yellen| (1985), |Cochrane] (1989), and |Chetty| (2012) for applications of near-
rationality.




to firm decisions. For instance, in Subrahmanyam and Titman| (2001), [Subrahmanyam|

and Titman| (2013)), |Goldstein, Ozdenoren, and Yuan| (2013)), and |Goldstein and Yang

(2014]), informative signals originating from the financial market influence the firm’s in-
vestment decisionEl Relative to this literature, my contribution lies in the analysis of
socially optimal managerial incentives and the quantification in a dynamic asset pricing

model.

A number of papers has studied the relationship between stock-based managerial
contracts and the efficiency of corporate investment decisions, including
\Verrecchial (1982)), [Stein| (1989), Benmelech, Kandel, and Veronesi (2010), [Strobl (2014),

and [Peng and Roell| (2014). A recent literature in dynamic corporate finance quantifies
the impact of different agency conflicts found in this literature. See, for example,
(2004), Glover and Levine| (2014a), and |Glover and Levine| (|2014b[)E| Thanks to recent

developments in numerical methods, I can contribute to this literature by solving a stan-

dard DSGE model with the agency friction of delegated capital investment. To this end,

I make use of perturbation methods as in Judd and Guu (2001), Mertens| (2011, Hassan|

and Mertens| (2014a), [Hassan and Mertens| (2014b)), Tille and van Wincoop| (2014a)), and
'Tille and van Wincoop, (2014b).

The remainder of the paper is organized as follows: section [2] sets up and solves a
simplified static model with delegated investment and information aggregation by prices.
The key inefficiencies are highlighted in section [3] Section [4] embeds the static setup into

a dynamic production-based asset pricing model.

2 A Simple Model

A continuum of risk-neutral agents is indexed by i € [0, 1], and one firm issues claims to
its proﬁtsﬂ A CEO who decides on the level of capital accumulation runs the firm. The
terminal payoff depends on the CEQ’s investment decision and realized productivity. Two

time periods exist: in £ = 1, households trade shares in a financial market and the CEO

“In|Angeletos, Lorenzoni, and Pavan| (2010), the feedback effect is “reversed” as information flows from
the real sector to the financial market. Moreover, in |Bond and Goldstein| (2014), the government is
able to learn information from the financial market.

5See |Strebulaev and Whited (2011) for an excellent survey of the literature on dynamic models in
corporate finance.

51 make the assumption of a single, representative firm solely to keep the notation simple. In Appendix
E I show the main conclusions from this section carry over to a setup with a continuum of firms.




makes an investment decision. Both the households and the CEO base their conditional
expectation of the productivity shocks on the equilibrium stock price and private signals.
In the last period, uncertainty is resolved: the terminal payoff is determined and all

agents get paid.
2.1 Firm Decision

The representative firm has access to the following linear production technology:
Y =l K, (1)

where K denotes capital investment and {6,, 6} are two independent productivity shocks

that are distributed as
0u~ N (0,02) and 0; ~ N (0,0%). (2)

The two shocks 6, and 0 represent two independent sources of uncertainty that affect the
terminal payoff. Information about 8, is dispersed among all households in the economy
in such a way that they receive a private signal about its realized value. As a consequence,
the equilibrium stock price aggregates and reflects information about this shock such that
each agent is able to extract information from the stock price. Information about 6 is
restricted to the CEO; that is, households only know the prior distribution. As a result,

the equilibrium stock price does not reveal any information about 6.

This information structure captures the idea that on the one hand, the CEO has
an informational advantage vis-a-vis the households regarding certain aspects affecting
the firm’s profitability. This pool of information reflects internal information, such as
corporate strategies, planned mergers, product development, and so on. This dimension
of uncertainty is reflected in . On the other hand, he is able to learn about external
factors from the firm’s stock price that reveals information about 6,. This additional
pool of information can include the state of the economy, the position of competitors,
consumer demand, and so on. Therefore, the CEO knows more about future productivity

than anybody, but not everybody, in the market.

In t =1, the CEO chooses capital investment K to maximize his expected terminal



wealth Wego specified below:
m}%X gCEO [WCEO] . (3)

I assume the CEO starts with zero initial wealth such that his only source of income is
the compensation paid by the firm. In the benchmark economy, this compensation is
proportional to the firm’s terminal payoff, that is, firm value net of investment cost. The
latter is increasing in the CEQ’s capital investment decision, and for simplicity, I use the

following quadratic specification for the capital adjustment cost:
L 5
Then, the CEO’s compensation is given by
Wego = Wero (Y - C) ) (5)

where wepo € [0,1) represents the fixed share of the firm’s terminal payoff given to the
CEO[] The remainder is then paid out to the households such that the firm’s terminal

payoff is given by
As a result, the CEO chooses K to maximize:
(0a+0;) Lo
max Ecro |wero | € K — §K . (7)

The CEO’s expectation is conditional on his private signal about 6, as well as on the

equilibrium stock priceﬁ
2.2 Information Structure

All agents know the prior distribution for both productivity shocks and observe the asset

price P. Households receive a private signal about 6,:

x,=0,+1v; Vi€ {0, 1], (8)

"Clearly, adding a fixed component to the CEO’s terminal compensation does not alter his decisions in
equilibrium.

8For convenience, I assume the CEQ’s outside option is equal to zero; that is, his expected compensation
needs to be weakly positive to satisfy the participation constraint. Moreover, I abstract from any effort
costs to isolate the CEQ’s expectation formation.



where v; is i.i.d. across households and normally distributed with mean zero and standard
deviation o,. The CEO receives a private signal about ¢, and for simplicity, I assume
this signal to be perfectly informative so that the CEO observes 0 at ¢ = 1 without

noise.

2.3 Households

At t = 1, households submit price-dependent orders to trade claims to the terminal payoff
D. They can buy or sell shares w; inside the limits [w, @] with w < 1 < @. These position
limits are necessary to keep optimal portfolio shares finite and can be interpreted as
borrowing or short-selling constraints. In general, the specific values for these limits do
not matter and it is sufficient to rule out unlimited positions. Because households are
risk-neutral, they choose the portfolio share w; that maximizes their expected terminal

wealth conditional on ¢ = 1 information
I assume every household is endowed with one share in the beginning; that is, Wy = P.
Then, households choose holdings in the risky asset such that

max EZ[WZ], (9)

w; €w,w]

with W; = W, (wi% +(1-— w,)) Therefore, households receive the portfolio return
weighted by their initial wealth. Because of linear preferences and zero discounting,

the risk-free rate is equal to zero and each household purchases either w or @ shares.

I assume all agents commit a correlated near-rational error as in |Hassan and Mertens
(2014b) when forming their expectation about HQH As a result, their posterior proba-
bility density function is shifted by e + &;, where i € [0,1]. T assume the correlation to
be positive so that e ~ N (0,02) is the common component. The idiosyncratic part is
distributed as g; ~ N (0, ic?), where i calibrates the size of the Correlation.lﬂ Thus, the

near-rational expectation is given as
E; [Qa} =F; [9,1] + ¢, (10)

where E; [0,] = E [04|z;, P] denotes the rational Bayesian expectation. Importantly, even

91 generalize the assumption of risk-neutrality in the quantitative model discussed in section

10The assumption that the near-rational error is associated with the expectation about 6, is without
loss of generality: equivalently, it can be associated with the expectation about 65 or 6, + 0.

"For simplicity, I set i = 0 such that the common error is perfectly correlated.



though near-rational agents commit a mistake in their expectation, they fully understand
the structure of the economy, the equilibrium mapping of information into the stock price,

and all higher moments of 6,.

Here, 0. governs the magnitude of the near-rational error, that is, the distance between

the optimal and near-rational expectation. As o. — 0, all agents become fully rational.

Market clearing requires that the aggregate demand equals the fixed supply of the

asset. I normalize the supply of stocks to 1; thus,

1
/ widi = 1. (11)
0

The market-clearing condition then determines the equilibrium stock price P.

2.4 Equilibrium Definition

Definition 1 An equilibrium consists of a price function, P (,,¢) : R* = R, an invest-
ment policy for the CEO, K (0¢, P,e) : R® = R, and a trading strategy for households,
w (z;, Pye) : R® — |w,w] such that:

(a) the CEO and each household maximize expected wealth and

(b) the stock market clears.

2.5 Model Solution

The necessary steps to solve the simple model are the following: first, I solve the signal-
extraction problem for each household and the CEO, respectively. Second, I derive the

optimal decisions on trading and capital investment given the equilibrium expectations.
Equilibrium Expectations

As argued above, households optimally demand @ if their conditional expectation of
the payoff exceeds the price, and w otherwise. Hence, the market-clearing condition
implies the portfolio share w that the “pessimists” demand plus the quantity @ that the
“optimists” demand equals the unit supplyB

Pr (& [D] < P)w+Pr(& (D] > P)@ =1, (12)

2Here, I rule out “insider trading” by the CEO; that is, he is not allowed to implicitly alter the number
of shares through trading in the stock market.



where the probabilities are cumulative distribution functions of v;, that is, conditional on
aggregate shocks.
I solve the signal-extraction problem by first guessing the equilibrium stock price is a

monotonic function of the average expectation of 6,,.

Conjecture 1 Learning from the stock price P is equivalent to learning from the average

expectation ¢ = fol &i [0a] di, such that P and q span the same o—algebra.

Given Conjecture [I] both variables contain the same amount of information about the
productivity shock 8,. Mathematically, using ¢ instead of P simplifies the analysis sig-
nificantly because it allows me to use the standard projection theorem for normally dis-
tributed random variablesE Therefore, I solve the model using this guess and show
the resulting equilibrium stock price is indeed informationally equivalent to the average

expectation ¢. In the following, I refer to learning from ¢ as learning from the stock price.

Consequently, the conditional (rational) expectation of 6, for household i is a lin-
ear function of prior information, the private signal x;, and price information captured

through ¢:
E; [0.] = c17; + aag, (13)

where {1, as} are Bayesian weights determined in equilibrium.

Plugging in the definition of ¢ from Conjecture [1] and integrating over all households,
implies

aq 1
0, . 14
1—042 + 1—0[2E ( )

a:

Thus, the transformed stock price (or equivalently, the households’ average expectation)
q is informative about 8,. The aggregation, however, is not perfect because it is clouded
by the near-rational error €. The response of ¢ to € depends on the weight ao that all
individual households attach to price information. Because oy € [0, 1), it follows that the
near-rational error is amplified in equilibrium. This amplification is particularly strong

if each household relies heavily on the price signal.

3Note that both productivity shocks {6, 0}, private signals {z;}, and near-rational errors ¢ are jointly
normally distributed. The guess that g is also normal is verified in equation .

10



The expression for § above implies each household and the CEO can extract informa-

tion about 6, from the unbiased signal s):

1-— a9 _ 1
Sp = qg="0,+ —c¢. (15)
a1 aq
This signal’s precision, o, 2 = o202, measures price efficiency in the economy because

it determines how much information the (transformed) stock price reveals about 6,. It
depends positively on two factors: the degree of rationality (0-2) and the weight the
households attach to their private signal (o). This expression shows that the stock price
becomes perfectly revealing in the limit as 0. — 0, that is, as all agents become perfectly

rational.

From the projection theorem for normal random variables, it follows that the Bayesian
weights in the conditional expectation are given by

0.72

= z 16
a P e (16)
—2
g,
= P 17
a2 0,2 +0,2 (17)

Because price efficiency o, 2 also depends on o, the system above constitutes an implicit
solution for the coefficients in E; [QG]E Intuitively, the optimal weights depend on the
relative precisions of private and price information, that is, o2 and o, 2. Figure |1 shows
a plot of ay and ay for different parameter values. Panel (a) plots the weight attached
to private information oy against o., the standard deviation of the near-rational error
for three different combinations of o, and o,. For all cases, oy increases as € becomes
more volatile, because the private signal becomes relatively more attractive in this case.
The blue line corresponds to the case in which o, = 0, = 1. In this scenario, households
allocate a weight of about 10% — 20% to their private signal. As their private signal
becomes more precise (green line), this weight increases up to 60%, while it decreases
to below 10% if their prior information becomes more precise (orange line). Panel (b)
conducts the same exercise for the weight on price information «s. It can be observed
that this weight decreases uniformly in o.. Moreover, the weight is highest if both o,
and o, are relatively high (blue line). As either of these standard deviations decreases,

the households optimally decrease their weight on price information.

1 An explicit solution for «; is provided in Appendix

11
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Figure 1: Bayesian weights a1 and a2 in and for different parameter values. Blue line:
0q = 0; = 1; Orange line: 0, = 1/4, 0, = 1; Green line: 0, =1, 0, = 1/4.

Optimal CEO Behavior

At t =1, the CEO maximizes his expected terminal wealth defined in by choosing K

such that optimal capital investment is given by
K = Ecpo lexp (0, + ef)] ) (18)

where the CEQ’s near-rational expectation is conditional on private information about
0y as well as on price information.
Taking logs on both sides of and using the fact that the CEO’s conditional expecta-

tion of 6, is linear in his signals (due to the normality of all signals) gives
k= o+ p1q+e+0y, (19)

where the expressions for 5y and 5, follow from the projection theorem:

o = 5o +0?) (20)
8 = (1-a) ;IQQ)UPQ (a;2+a;2)_1. (21)

Intuitively, the CEO invests more if he is optimistic about the realization of either pro-
ductivity shock. Although his perception of f; is accurate, two factors influence his belief

about #,: price information ¢ and the correlated error €.

12



Optimal Trading Behavior

Because the terminal payoff is given by D = (1 — wego) (Y — C), the expected payoft for
household ¢ is given by

1 1
E1D) = (1~ wcso) (exp (801 + 3Vl ) - jexp Q&I+ 20D ). (22
where the expected log firm value is given by &ly] = & [0.] + £[k] and the expected log
capital investment by &;[k] = Sy + Blcﬂﬂ

Given the households’ optimal trading behavior and the CEQ’s optimal investment
decision, I can now use the market-clearing condition to solve for the equilibrium

stock price.

Lemma 1 The equilibrium stock price is given by

_exp (ko + (14 51)q) — %exp (k1 +2619)
1 —wepo

P

, (23)

where {Kko, K1} are constants defined in Appendiz|A.1.1}
Proof: See Appendiz[A.11]

In the Appendix, I derive a sufficient condition under which P is monotonically increasing

in the average expectation of 6,, that is, §.

Condition 1 The maximum number of shares that can be purchased, @, is larger than

some threshold value w* defined in Appendiz[A.1.1]

Under this condition, Conjecture [1] is verified such that all agents in the economy can
invert the equilibrium stock price to solve for ¢, which in turn serves as an informative

signal about the productivity shock 6,.

5The conditional variances V;[y] and V;i[k] are constant across households. The expression for both
terms is given in Appendix Also note that I have used &;[e] = 0 such that near-rational agents
are not able to predict €.

13



3 Inefficiencies in the Simple Model

3.1 Social Welfare

For the normative analysis, I first define the social welfare function as the unconditional

expected utility of an arbitrary household at ¢t = OE
1
SWF = / Eo[Wi]di (24)
0
such that the households’ ex-ante expected utility is proportional to the (unconditionally)
expected firm profits, Y — C E
Plugging in the expressions for the payoff Y and the investment cost C' in leads

to the following expression:

Lemma 2 Social welfare can be written as

SWF = exp (Eo[k] + %

N %exp (2Eo[k] + 2V [K]) .

Proof: See Appendiz[A.1.3

(ag +07+ Vo[k]) + Cov (0, + 0y, k)) (25)

Therefore, social welfare depends on the CEQ’s capital investment decisions in three
ways: (i) the expected level of investment, (ii) the variance of investment, and (iii) the

covariance between the productivity shocks and investment.

In this environment, a social planner could clearly achieve a Pareto-superior solution
by rendering all agents perfectly rational, that is, by setting € = 0 with certainty. As a
result, the equilibrium stock price would perfectly reveal the true value of the produc-
tivity shock to all agents so that all asymmetric information vanishes as emphasized in

Grossman (1976).

Proposition 1 In the first-best, with o. = 0, the stock price perfectly reveals 0,. Optimal

16This utilitarian social welfare function corresponds to the conventional definition of “real efficiency”
as, e.g., in |Goldstein, Ozdenoren, and Yuan| (2013)) and |Goldstein and Yang| (2014).

"Note that because households are near-rational, expected utility under the fully rational measure is
almost the same as expected utility under the near-rational measure. So I do not have to worry about
“respecting” agents’ errors as in |Brunnermeier, Simsek, and Xiong| (2014)).

14



capital investment is given by K, = exp (0, + 0f) and social welfare by:
1
SWFyp, = 5 eXP (202 + 20?) . (26)
Proof: See Appendiz[A.1.3,

Therefore, with perfect information, social welfare solely depends on the variance of the
productivity shocks. As a result, linking the CEO’s compensation to the firm’s terminal
payoff is efficient in this setup, because his objective function lines up perfectly with

household welfare.

Corollary 1 In the first-best, stock-based compensation is efficient.

Proof: See Appendiz[A.13)

This corollary confirms the standard notion of stock-based compensation. In the absence
of asymmetric information, linking CEO compensation to the stock payoff is efficient.
Therefore, I highlight informational inefficiencies as a result of (near-rational) managerial

discretion about capital investment.

3.2 Near-Rationality

The discussion above emphasizes the importance of agents’ near-rational errors to gen-
erate any inefficiencies in the benchmark setup. As in [Hassan and Mertens (2014b)) the
key idea behind this concept is that the individual cost for each agent to commit the
near-rational error is negligibly small, whereas in the aggregate, it leads to a sizeable

welfare loss.

Note that for an individual household, ex-ante expected utility is proportional to
EolY — C], that is, the unconditional expectation of firm profits. Then, it follows im-
mediately that the individual welfare cost of committing the near-rational error is equal
to zero. This strong result is slightly altered in the presence of risk aversion, which is a
feature of the quantitative model in section In this setup, the intensity of the near-
rational error (o.) is chosen such that the individual cost is below a given threshold. In
other words, near-rationality does not affect the level of wealth (in expectation) for an

individual agent.

Interestingly, in the aggregate, near-rational behavior has an effect on social welfare.

15



As shown in [Hassan and Mertens (2014b)), the households’ near-rational errors are ampli-
fied in equilibrium through their trading in the financial market. This amplification can
be seen in , where ¢ is multiplied by ﬁ > 1. The weight a5, the households attach
to price information thus leads to a propagation of noise in the average expectation ¢ (or
alternatively in the stock price). This propagation in turn crowds out information about
0, from the equilibrium stock price, which in turn decreases investment efficiency and

thus welfare.

In the setting considered in this paper, a second externality arises, which leads to
the CEQ’s near-rational behavior. The following lemma shows the individual welfare loss
for a rational CEO of using the near-rational expectation instead of the fully rational

expectation when choosing capital investment.

Lemma 3 Let UE, and UNE denote the CEO’s payoff under full rationality and near-

rationality, respectively. Then the ratio in expected utilities for the CEO 1is given by

Ey [U]c\gg} L, 2

m = 2€Xp <20'€) — exp (206) y (27)
where o2 denotes the variance of the near-rational error ¢, and E1[-] is the rational ex-

pectation conditional on information available to the CEO att = 1.

Proof: See Appendiz[A.1.5,

Therefore, the CEO’s individual cost of making a near-rational error depends only on the
standard deviation of . As o, converges to zero, the ratio in converges to one such
that the individual loss converges to zero. Moreover, it is straightforward to show that

. B USE .
the ratio m can be approximated (for o, small) as 1 — ag As a result, the CEO’s
1Y CEO

individual utility loss from committing the near-rational error is in the order of o2.

The implied social costs of the CEO’s near-rational investment decision is specified

next.

Lemma 4 Let SWEFR and SWFNE denote social welfare implied by capital investment

under full rationality and near-rationality, respectively. Then the ratio in social welfare

s given by
SWENE 1 20 2 261 2
— =2 —(1 — 211 2
SR exp(2( +1—042)"5> eXp( ( +1—a2)(’5)’ (28)

8This expression follows directly from the first-order approximation: e® ~ 1 + x.
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where o2 denotes the variance of the near-rational error, and {cq, 31} corresponds to the
Bayesian weight attached to price information for an individual household and the CEQ,

respectively.

Proof: See Appendiz[A.1.6,

As a result, the social loss associated with the CEO’s near-rational behavior includes an
261

1—as

additional term ( ) originating from the fact that the CEO’s near-rational error is

correlated with the equilibrium stock price. Again, approximating the ratio % leads

to SWES ~1- (1+

261 2
1—as 05 )

261 )02. As a result, the externality can be approximated as
Qa2

1 €

such that the difference between the individual and social loss is large if (i) the
CEO relies heavily on price information or (ii) each individual household relies heavily

on price information.

Figure [2| plots the CEQ’s private utility loss (orange line) resulting from his near-
rational behavior against the social loss (blue line), that is, the percentage decrease in
social welfare due to the CEQ’s near-rationality. Note that the private loss is considerably
smaller than the social loss. As an example, consider a value of g, = 0.2: the private
loss (orange line) amounts to a rather small value of 5%, whereas the social loss (blue
line) equals almost 35%. This outcome again emphasizes the notion of near-rationality:
because each individual does not exert the effort to avoid small welfare losses, they pile
up to a considerable social cost.

Utility Loss
0.35F
0.30F — Social Loss

0.25F Private Loss

0.20f
0.15F
0.10F

0.05F

. I . " o,
0.05 0.10 0.15 0.20

Figure 2: CEO’s private welfare loss vs. social loss resulting from near-rational investment behavior.
Parameters: 04 =0, =05 = 1.

Hence, it becomes obvious that stock-based compensation is not an adequate means

to prevent the CEO from making socially costly investment decisions.

In the following, I consider two investment strategies that reduce this social cost. In
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the first scenario, I take the CEQO’s compensation structure as given and derive the con-
strained first-best investment policy, given near-rational behavior. In the second scenario,

I consider a different compensation package that limits CEO discretion.

3.3 Constrained First-Best: Full Discretion

As shown before, the private cost for each household and the CEO of committing the
near-rational error is considerably smaller than the implied social cost. In this section,
I take all agents’ near-rationality as given and analyze the (constrained) first-best where
information remains decentralized and the households follow their equilibrium (trading)
policiesm Consequently, this analysis serves two main purposes: (i) it highlights ineffi-
ciencies in the CEQ’s equilibrium investment decision conditional on near-rationality and

(ii) it provides guidance to construct more efficient corporate governance schemes.

In the following, I characterize the constrained efficient allocation in more detail.

Definition 2 A feasible allocation is a collection of portfolio choices w;, one for each
household, and an investment decision for the CEQ, that jointly satisfy the following
constraints:

(a) Resource feasibility:
1 1
/ Widi =Y — 5[(2 — Wego, (29)
0

where W; denotes terminal consumption of each household i € [0, 1].
(b) Informational feasibility: For each household i, w; is contingent on the private signal
x; and the stock price P, for the CEO, K is contingent on P and 0f.
(¢) Near-rational feasibility: Each household i and the CEO commit a near-rational error

when forming their expectations about 0.

Definition 3 A constrained efficient investment allocation is a feasible allocation that
is not Pareto-dominated by any other feasible allocation, taking as given the utility-

maximizing portfolio choices for each household.

More specifically, I keep the information structure as before and allow the CEO to extract

information from the stock price to predict the productivity shock 6,. I restrict the

9The concept of constrained efficiency is also used in|Angeletos and Pavan| (2007)), |/Angeletos and Pavan
(2009)), and |Angeletos, Lorenzoni, and Pavan| (2010]).
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discussion to (near-rational) log-linear investment rules such that k = by +b;q+ b2 + .
Then the social planner chooses {bg, b1,b2} to maximize social welfare in . The

solution is described in the following proposition.

Proposition 2 The investment policy that maximizes social welfare is given by k =

bo + b1G + b20f + €, where

by = (; - (1 + gm) a1> (o2 + 0;2)71 (30)
by = —= (O'p_2 —a10;2> (a;2+0p_2)71 (31)

by = 1. (32)
Proof: See Appendiz[A.1.7

First, note that the social planner takes the households’ trading behavior as given. As
a result, the households’ weights on private and price information (o; and ay) are still
given by and (L7), respectively. It then follows that the choice of {by,b1,bs} does

not affect price informativeness o, 2,

Lemma 5 Price informativeness in the constrained efficient allocation is equal to that

in the competitive equilibrium.

Proof: See Appendiz[A.1.8,

Proposition states that the CEO efﬁcientlyﬂ uses his knowledge about 6 in equilibrium
as by = 1 in . However, and show the CEO allocates inefficiently high
values to By and [ in equilibrium. This allocation implies the CEO relies too heavily
on the price signal when forming his expectation about 6,. Figure [3| compares 5y and 51
to their constrained efficient counterparts, and the following proposition formalizes the

observations from the example in the plot.

Proposition 3 Relative to the constrained efficient investment rule, the CEO efficiently
uses knowledge about 07 but chooses inefficiently high values for By and Bi, namely,
Bo = bo, and By > by.

Proof: See Appendiz[A.1.9,

2ONote that whenever I use the term efficient, I refer to efficiency according to Definition [3] namely,
constrained efficiency.
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(a) Constant term. (b) Price information term.

Figure 3: The CEO’s weights in the capital investment policy: benchmark equilibrium vs. constrained
efficient allocation. Parameters: 0, = 05y = 0, = 1.

This result is surprising because the CEO’s terminal payoff is proportional to that of an
average agent. Thus, he maximizes the same objective function as the social planner,

just under a different information set 1]

Intuitively, the CEO chooses the weights in his investment policy that give him the
most precise estimate of the productivity shocks given the information set at ¢ = 1. For
households, however, the relevant welfare measure is their unconditional expected utility

at t = 0.

The basic reason for the distortion in the equilibrium is the CEO’s exposure to the
near-rational error €. Because of this exposure, the Bayesian weights in and
are not efficient, because they ignore the positive correlation between price information

(g) and the CEO’s individual near-rational error ().

Figure 3| plots the weights on prior and price information against o, the standard
deviation of the near-rational error. First, note that the weights chosen in equilibrium
converge to the constrained efficient weights as 0. goes to zero. Second, the plots recon-
firm the result in Proposition [3|that 5y and 3; chosen in equilibrium are inefficiently high

for any value of o..

The fact that the CEO chooses the weights in the capital investment decision in-
efficiently affects the ex-ante distribution of capital. The effects on Ey[k], Vp[k], and
Cov (0, + 05, k) are depicted in Figure . Note that from the definition of k, it follows

?INote that the social planner’s objective is proportional to Eo [Y — C], whereas the CEO’s objective is
proportional to Eceol[Y — C].

20



that these three moments (in the benchmark equilibrium) are given by

Eolk] = Bo (33)
R B 2

VE)UC] = m02+ <1+(1—O(2)> 0'?4—0']% (34)

Cov (8, +0f, k) = (161042)03 + JJ%. (35)

From , it then immediately follows that the CEO invests too much on average (com-

pared to the constrained efficient benchmark) because fy is too high in the competitive

equilibrium (see Proposition . Moreover, the fact that ; is inefficiently large increases

both the ex-ante variance of (log) capital investment and its covariance with the compos-

ite productivity shock.

Corollary 2 Relative to the constrained efficient investment rule, Eolk|, Vo[k], and

Cov (b, + 0y, k) are inefficiently large.
Proof: See Appendiz[A.1.10
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(a) Expected capital investment. (b) Variance of capital investment.
Cov[0,+6;,k]
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(c) Covariance of capital investment and 6, + 0.

Figure 4: Expected log capital investment, its ex-ante variance, and the covariance between k and both
productivity shocks in the equilibrium vs. the constrained first-best. Parameters: o, = 0y = 0, = 1.
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From (B4)), one can see that the CEO’s near-rationality affects Vy[k] in two ways. (i) It
immediately renders k& more volatile because the CEO’s expectation is directly exposed
to €. Because o, is assumed to be small (in the sense that agents are near-rational),
this channel is relatively unimportant in equilibrium. (ii) The CEQ’s near-rational error
is correlated with the equilibrium stock price and therefore with ¢. This correlation is
reflected in the term (15710[2) in Thus, the CEO’s near-rational error is amplified and
renders capital more volatile. This amplification is particularly strong if the CEO and

all households rely heavily on price information, that is, if 51 and «as are close to one.

Figure {4 plots Ey[k], Vo[k], and Cov (k, 0, + 6) against o, for one set of parameters.
Two interesting observations can be made. (i) The differences between the competitive
equilibrium (blue line) and the constrained first-best (orange line) are sizeable for larger
values of o.. (ii) The distortion vanishes as 0. converges to zero, that is, as all agents

become fully rational.

Note that the CEQO’s inefficient use of information is solely related to his own near-
rational behavior. In other words, if the CEO became perfectly rational such that he made
his investment decision under the fully rational expectation operator, the equilibrium

outcome would be constrained efficient.

Proposition 4 If the CEO becomes fully rational, the equilibrium outcome is constrained
efficient.
Proof: See Appendix|A.1.11].
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Figure 5: Household welfare in a setting with a fully-rational CEO, the constrained first-best, and the
benchmark equilibrium. Parameters: 0, = 0y = 0, = 1.

Figure |5 plots household welfare against the standard deviation of the near-rational error.

The blue line corresponds to the setting where the CEO behaves fully rational. The
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orange line describes the constrained efficient allocation, and the green line represents
the benchmark equilibrium. The vertical distance between the green and the blue line
equals the total social cost associated with the CEQ’s near-rational behavior as plotted
in Figure This cost consists of two components: (i) the presence of € in the CEO’s
investment decision (difference between blue and orange) and (ii) the CEO’s inefficient

use of information (difference between orange and green).

3.4 Constrained First-Best: Limited Discretion

In the following, I explain how a different compensation mechanism can improve welfare.
Therefore, I extend the CEO’s compensation contract in the benchmark economy with
an additional component. This additional component ensures the CEQO’s evaluation does
not deviate too far from the market’s evaluation (i.e. the firm’s stock price) of the firm’s
prospects. As a result, the CEO’s terminal compensation is a function of both the
terminal dividend D and the current stock price P (or, equivalently, ¢). For parsimony,

I use the following functional form@
Wepo = D+ (exp (60 + 017+ v (0o +05)) — exp (0, + 0f)) K. (36)

As before, the CEO chooses capital investment K to maximize his expected wealth Wego.

Then, optimal log capital investment is given by
k =00+ 061G+ (Bo+ p1g+e+0f), (37)

where {fy, 1} are given in and (21)), and {do, 61,7} are constants (from the CEO’s
perspective) chosen by the households at t = OE

Intuitively, the expression in shows the CEQO’s capital investment is a combination
of two components: (i) Sy + 517 + € + 6y, that is, his optimal investment under full
discretion, and (ii) do + 01q, that is, a fixed investment rule that depends only on the

stock price. The constant v determines the relative weight of these two components.

The functional form for & nests two special cases: (i) the benchmark equilibrium

with parameters 09 = 6; = 0 and v = 1, and (ii) the constrained first-best under full

22In this section, I assume the CEO’s compensation payment is negligibly small compared to the terminal
firm value such that the firm’s terminal dividend is equal to D =Y — C.

23Note that all households are identical at t = 0. As a result, no heterogeneity exists across households
regarding the optimal values for {do, d1,7}.
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discretion with parameters 6y = by — By, 01 = by — 51, and v = 1. Thus, it is obvious that
limited discretion weakly dominates both the benchmark equilibrium and the constrained

first-best under full discretion in terms of welfare.

At t = 0, the firm’s initial owners (the households) can determine the optimal com-
bination of managerial discretion and the fixed investment rule. Therefore, the weights
{7, 80,91} are chosen ex ante to maximize social welfare Ey[IV;] given all agents’ private
information, near-rationality, and equilibrium policies at t = 1. The optimal compensa-

tion structure is presented in the following proposition.

Proposition 5 The optimal values for {7, g, 01} are

- ala Uf + o7 (UJ% - alag) (38)
alo? (O'f + ag) + o002
or + 07— Volk] = 0o

b = 5 (39)

56 (a102 _ gf) +alolo ((al +1)oz - 012‘)

& = (40)

4
€

(a202 + 02) (a}o2 + 02) ( 202 (U]% + Jg) + 0?03) ’

where Vylk] denotes the ex-ante variance of log capital investment given explicitly in the

Appendiz.
Proof: See Appendiz[A1.13

The above system of equations implicitly defines the optimal weights {~, dp, 01} given the
agents’ equilibrium expectations, namely, {aq, as, B9, 51}. Equation shows that the
share v dedicated to discretionary investment is equal to 1 if and only if o0y — oo. In
this particular case, the CEO’s private information about 0y is extremely valuable such
that (combined) aggregate capital investment should fully depend on the CEO’s choice
of K. As oy decreases, the importance of 6 declines and more weight is allocated to the
fixed rule component; that is, v decreases. This result is formally stated in the following

corollary.

Corollary 3 The weight attached to discretionary investment increases in the standard

deviation of 0;:

vy
?q > 0. (41)
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Proof: See Appendiz[A.1.13
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Figure 6: Parameters: 0, = 0, = 1 and oy € {1,8/10}.

The numerical values for v and 07 are depicted in Figure[6] for different parameter values.
The first panel plots v for two different values of o¢. It becomes apparent that (i) more
weight is attached to discretionary investment if ¢ is more volatile (blue line) and (ii)
~ is decreasing in o.. The second effect can be explained as follows: as the agents’
near-rational error becomes more volatile, the efficiency loss resulting from discretionary
investment increases such that capital investment should be less exposed to the CEO’s
decision. From the second panel in Figure [6] one can see that the weight on price
information in the fixed-rule component is also decreasing in .. Moreover, this weight

can even be negative if o is sufficiently volatile.

Figure [7] plots Ey[k], Vo[k], and Cov (6, + 0, k) against o.. It can be seen that under
the optimally designed combination of discretion and the fixed rule, expected capital
investment is higher than in the benchmark equilibrium. At the same time, capital

investment is less volatile and also has a lower covariance with the composite productivity

shock.

Figure[8|plots household welfare for the optimal investment rule in and —
for different parameter values (orange line). Again, the blue line corresponds to the case
in which the CEQO invests fully rationally, whereas the green line represents welfare in the
benchmark equilibrium. For all three cases, welfare is decreasing in o. and it converges
to the (unconstrained) first-best as . goes to zero. Furthermore, it can be observed that
the optimal combination of discretion and the fixed rule can reduce some of the social

cost that the CEO’s near-rational behavior causes.
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Figure 7: Expected log capital investment, its ex-ante variance, and the covariance between k and
both productivity shocks in the equilibrium vs. the optimal combination of discretion and the fixed
rule. Parameters: 0, =0y = 0, = 1.
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Figure 8: Household welfare in a setting with a fully rational CEO, the optimal combination of
discretion and the fixed rule, and the benchmark equilibrium. Parameters: 0, = 0y = 0, = 1.

4 Quantitative Model

In this section, the effects studied in the static model are quantified. For that purpose, I

use a de-centralization of the model by (2014)) as in |Hassan and Mertens| (2014b).
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4.1 Setup

Technology is characterized by
Y = K& (e N;)' ™, (42)

where Y; represents output of the consumption good. The productivity shock a; has a

long-run component w and a short-run component Lp,@
Aary1 = fla + wt + 41, (43)
where the long-run component follows an autoregressive process:
Wy = pwi_1 + ;. (44)

As in the static model, I decompose the shock to long-run productivity into two indepen-
dent components: ; = 0,;+0;;. Both of these shocks are normally distributed with zero
mean and variances Xag and (1 — X)ag, respectively, such that the parameter x € [0, 1]

controls the importance of inside (f) and outside information (HG)E

The firm accumulates capital according to the following law of motion:
K1 = (1 =0 + Gy) Ky, (45)

where §j, is the rate of depreciation. Convex adjustment costs to capital occur following

Jermann| (1998)):

1%} It 17%
G, = 2yt 46
t= ot 1—% (Kt> (46)

where {1, 11} are positive constants and ¢ determines the equilibrium elasticity of the
capital stock with respect to the CEO’s private marginal q.

A representative firm purchases labor services from households. As a result, labor is

Yy
Ny

paid its marginal product such that the equilibrium wage is equal to w; = (1 — «)

Households own the stock of capital and rent it to the firm in return for the periodic

dividend (per unit of capital) D; = a% — 1% As a result, the return per unit of capital

24For simplicity, I ignore the short-run component in the following; that is, I set the variance of ¢ to
Z€ro.

2’Note that, for example, x = 0 implies that only inside information (8 ) determines variation in 6,
whereas x = 1 implies that only outside information (6,) determines variation in 6.
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is given by

(1= 0x + Gy1) Qg1 + Dipa

0, (47)

Ry =

The CEO is endowed with a fixed fraction of the firm’s shares initially. He therefore
receives a periodic payment proportional to the firm’s dividend. For simplicity, I assume
this periodic compensation is negligibly small such that it does not affect economic ag-
gregates. As a result, he maximizes the expected stream of future dividends using his
stochastic discount factor Mg ++1. I solve for the firm’s optimal investment in Appendix

but note that the CEQO’s optimality condition for investment requires that

gCEO,t [MCEO,t+1RtI+1 = 17 (48)

where Ecpo ¢+ denotes the CEO’s near-rational expectation operator and R! 41 denotes the

return on investment.

I assume the CEQ’s investment decision at date ¢ depends on date t — 1 information.
This assumption is important because it allows the CEO to have superior information
about future productivity vis-a-vis the households. Without this assumption, the house-
holds could infer the CEQ’s inside information from his (publicly observable) capital
investment decision. Intuitively, I assume that the CEO’s investment decision is made

one instant before the private signals are realized and the stock price is determined.

An individual household 7 € [0,1] has [Epstein and Zin (1989)) preferences over the

consumption bundle é’it:

~1-¢ 1— % v
Ui = | (1= )y © = wba) + 0&u U] , (49)

where the parameters 1) and v measure the household’s intertemporal elasticity of substi-
tution and relative risk aversion, respectively. 7(b;) is a small penalty for holding bonds
that ensures a well-defined portfolio choice at the deterministic steady state as in [Judd
and Guu (2001). The consumption bundle Cy is a CES aggregate of consumption and

leisure:
1
~ 1- ﬁl 1—L1 1-L
Civ = <oq.t D (1= o) (¢ (1 — nyp)) ) o (50)
where leisure is multiplied by aggregate productivity to ensure the existence of a balanced
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growth path.

At the beginning of every period, each household receives a private signal about g ¢ 1

which is a part of the composite shock to long-run productivity:
Tit = Oq 141 + Vit, (51)

where v;; is independent across households and normally distributed with zero mean and
standard deviation o,. As in the static model, I assume the CEO does not receive a

private signal about 6,1 but observes 0,,1 without noise at date ¢.

All agents observe the state of the economy at time ¢ and understand the structure of
the economy as well as the equilibrium mapping of dispersed information into prices and
economic aggregates. The rational expectations operator conditional on all information

available at time ¢ is
Eyl-] = E |z, wy, Dy, Ry, Py, Yy, Ny, Gy, Ky, Iy w1, Ecro,e—1[04]] - (52)

The only two sources of uncertainty are thus 6,1, the shock to long-run productivity, and
Ecro,t|0r+1], the manager’s date t expectation of this shock (which affects firm investment
at t + 1). In the following, I show that at date ¢, all agents can infer information about
;41 from economic aggregates (e.g. the stock price). Furthermore, the households have

to predict the CEO’s date t expectation to forecast his capital investment decision next
period@

As in the static model, I assume every agent in the economy makes a small correlated

error when forming his expectation about 6, ;41:
Eitlbai+1] = Eit[0ais1] + &, (53)

where, again, ; ~ N (0,02).

Given x; and their knowledge about the state of the economy, households maximize
their lifetime utility by choosing a time path for consumption and labor, and their stock

and bond holdings {é’it,nit, ki, bit }520. Each household’s optimization is subject to a

26Without loss of generality, I assume the households observe the CEQ’s past expectations about 6.
This additional source of information does not affect the households’ equilibrium policies because it
does not convey useful information about future productivity.
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budget constraint:
Pikjpr1 + bip = Py Rikiy + (1 + 14-1)biy—1 + Hip — Cip + wingy, (54)

where P; is the stock price at date t, H; are transfers from state-contingent claims

discussed below, and w; is the wage rate.

The market-clearing conditions are given by

1
0
1
/ budi = 0 (56)
0
1
/nitdi = Nt (57)
0

The payments from contingent claims H;; allow me to ignore the wealth distribution
across households. At the beginning of each period (and before receiving their private
signal), households can trade claims contingent on the state of the economy and on
the realization of noise in their private signal v;;. These claims are in zero net supply
and pay off at the beginning of the following period. Because they are traded before any
information about 6, ;1 is known, their prices cannot reveal any information about future
productivity. This trading thus completes markets between periods, without affecting
households’ signal-extraction problem. In equilibrium, all households choose to hold

these securities with net payoff:
Hy =P 1Ry — P_1Rikyy — (1 + 1r4—1)bir—1, (59)

such that all households enter each period with the same amount of wealth. It then

follows immediately that these claims are in zero net supply:

1
/ Hydi = 0. (60)
0

Definition 4 Given a time path of shocks {04, 01+, €, {vitVi} }520, an equilibrium in this
economy is a time path of quantities {{Cy, bit, nit, kitVi}, Cp, Niy Ky, Y, Ity Gy ag, wi 152,

signals {x;Vi}32,, and prices { Py, e, Ry, wi }32 with the following properties:
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1. {Cit, bit, nit, kie } 72 maximize households’ lifetime utility given the vector of prices

and the random sequences {e¢, Vit }520;

2. The demand for labor services solves the representative firm’s maximization problem

given the vector of prices;
3. {1}y mazimizes the CEO’s lifetime utility;

4. {wi}2, clears the labor market, {P;}:° clears the stock market, and {ry};°, clears

the bond market;

5. {Y1}i2, is determined by the production function, Ry from the definition of the stock
return, and {w;}320, {a}520, {K1}520, and {Gi}32, evolve according to {43), (44),
, and (@, respectively.

6. {Ct, Nt} are given by the identities Cy = fol Ciudi and Ny = fol ndi.
4.2 Solution

I use the solution method developed in Mertens| (2011)) to transform the equilibrium
conditions of the model into a form that I can solve with standard techniques. The key
to this approach is to show that all prices and economic aggregates are functions of the
usual macroeconomic state variables of the model Sy = { Ky, w;—1, 0, Ecroi—1[04]} as well

as of the households’ average expectation of 6;1:

1
7 =/0 Eit [Or41] di. (61)

Lemma 6 A recursive equilibrium exists satisfying the system of equations in Definition

[4) with the following properties:

1. A household’s optimal behavior depends on the current (commonly known) state
of the economy, S, the households’ conditional expectation of the next period’s
innovation to productivity, £4[0:+1], and the average expectation of this innovation
G:- The conditional expectation, in turn, depends on the private signal xy as well

as qz. I can thus write the set of state variables that determine individual behavior

31



as

Zit = % (St7 @)git[0t+1]) 2 =6 N, k? b (62)

2. All prices and economic aggregates depend on the current state of the economy and

Zy=72(S,q),Z=C,N,PrR. (63)

Proof: See Appendiz[A1.1])

Given this lemma, I am able to use standard perturbation methods to solve for the
households’ equilibrium policies as a function of {S, G, Ex[0i+1]} and for all economic
aggregates as a function of {St, ¢;}. Thus, I can separate the solution of the non-linear
dynamic model from the information microstructure by simply taking &;[0;11] and @

as state variables. The final step of the solution is then to solve for £;[0;11] and ¢ =

fol EitOr1]di.

Condition 2 The equilibrium stock price P; or at least one other economic aggregate or

price is a strictly monotonic function of q;.

A direct consequence of Lemmal[f]is that all prices and economic aggregates have the same
information content. Given Condition [2] ¢; is simply a monotonic transformation of P,
that allows the households and the CEO to infer ¢ from observing the equilibrium stock
price. Learning from the stock price is then just as good as learning from its monotonic
transformation ¢;. Although I cannot solve for the mapping of ¢; into P; in closed form,

I can easily check for monotonicity using the numerical solution of the model.

Lemma 7 The agents’ (rational) equilibrium expectations of 6,41 are independent of the
aggregate dynamics of the model and can be written as E;[0i11] = axi + oGy with

0—2

T
a1 = 64
02 +0;2+ o302 (64)
2 2
aqo,
Qg = ﬁ> (65)
Oy +a105
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and for the CEO as Ecpot[0i+1] = B1Gr + Of141 with

(1-a)  ofo?

p1 = (66)

o (072 +ajo?)

Proof: See Appendiz[A1.15

Therefore, the agents’ equilibrium expectations take the same form as in the static model.

4.3 Results

Parameter | Value || Parameter | Value
Q 0.34 O 0.06
) 0.96 ~ 10
7 0.018 ) 2
0 0.20 £ 4
p 0.95 og 0.015

oe/0g 0.001 0z/009 1

& 1 “YcEO 3

Table 1: Calibrated Parameters. Note: «a: capital share; dx: capital depreciation rate; d: subjective
discount factor; «y: relative risk aversion; p: average productivity growth; 1: intertemporal elasticity
of substitution; o: consumption share; £: adjustment cost parameter; p: auto-regressive coefficient
long-run component; oy: standard deviation of 6;; o.: standard deviation of near-rational error; o,:
standard deviation of noise in private signal; &: consumption bundle elasticity; ycro: CEQO’s risk-
aversion coefficient.

Table [1] lists the parameters used to evaluate the quantitative model. I set all the
standard macroeconomic parameters equal to the values used in |Croce (2014). For in-
stance, « is calibrated to match the capital income share and d; to match the annualized
depreciation rate in the US economy. The average annual productivity growth rate p
is 1.8%. I set the relative risk-aversion coefficient v to a moderate level of 10 and the
IES to a value of 2. The annualized subjective discount factor § is set to a value of
0.96. Moreover, the parameters {vp, 11} in the adjustment-cost function are set such
that at the deterministic steady state, Gy — I% = 0 and 9G;/0 (I;/K;) = 1. Therefore,
vy = (1%5) (0+et—1)and vy = (6 + et — 1)% I set the standard deviation of the shock
to long-run productivity growth to og = 1.5%. The consumption bundle elasticity & is

set to 1 as in |Hassan and Mertens (2014b) and Croce (2014). The CEQO’s risk-aversion

coefficient is set to 3, a value consistent with other studies on CEO risk taking@

[ calibrate the values for the three remaining parameters {o,, 0., x} and check for

2TFor example, see (Glover and Levine| (2014a) and |Lewellen| (2006). Moreover, I assume this value
corresponds to the inverse of the CEO’s IES coefficient ¥cgo.
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robustness in section [4.4] The calibrated values for these three parameters are described
in turn: (i) I set o, equal to oy. (ii) The standard deviation of the near-rational error
is set to 1/1000 times the standard deviation of 6; capturing the underlying idea that
the individual cost of the near-rational error is negligibly small. (iii) The parameter x

determining the importance of inside versus outside information is set to 0.25.

Table[2]shows the results for the benchmark calibration presented in Table[I] Tanalyze
the welfare losses and macro/financial quantities in three settings: (i) the competitive
equilibrium (CE), (ii) the constrained first-best (CFB), and (iii) the economy where the
CEO is forced to ignore price information (NPI)E

Data Model

Estimate Std. Err. CE CFB NPI
51 0.99 0.36 0
X 0.25 0.25 0.25
Welfare Loss 0.55 — 0.46
Elres] 4.71 2.17 4.07 4.04 4.10
o[Trex] 21.21 1.33 12.44 11.41 12.39
E[rf] 0.64 0.34 0.79 1.29 1.07
olrf] 3.82 0.46 2.47 2.09 2.34
oldy] 3.34 0.39 2.47 2.08 2.34
o[di] 14.86 0.44 9.48 6.07 8.80
oldd] 2.17 0.04 2.69 2.81 2.80
Corr(de, res) 0.25 0.12 0.01 0.16 -0.07
ACF|dc] 0.51 0.14 0.69 0.55 0.59
ACF[req) 0.05 0.11 0.25 0.25 0.22
ACF[rf] 0.7 0.08 0.55 0.13 0.19

Table 2: Notation: CE: competitive equilibrium; CFB: constrained first-best; NPI: no price infor-
mation; (1: weight on price information in three cases; x: relative importance of inside vs outside
information; re,: log excess stock return; rf: log risk-free rate; dy, di, dc: first difference in log output,
investment, and consumption; ACF: first-order auto-correlation. Data values based on annual US data
1929-2008. All values in the second panel are in %.

Just as in the simple model, the CEO excessively uses price information in equilibrium.
This distortion can be inferred from the first row where I present the weight 5, attached
to price information. This weight is approximately equal to 99% in equilibrium, whereas
the social planner reduces this weight to 36% in the constrained first-best to maximize

household welfare. The CEQ’s excessive use of information translates into a loss of 0.55%

28Gee Appendix for details on the construction of the constrained first-best. The computation of
the welfare loss is explained in Appendix @

34



of permanent consumption relative to the constrained first-best. The model performs well
on matching the empirical moments. Regarding the excess return, one can see that both
its expectation and standard deviation are lower in the constrained first-best. Hence, the
CEOQ’s inefficient use of price information leads to higher and more volatile stock returns.
Similarly, output growth is more volatile in the competitive equilibrium. The effect is
particularly strong for investment growth, which is roughly 1.5 times more volatile in the

competitive equilibrium.

The last column shows the corresponding results in an economy where the CEO is
forced to ignore price information. In that case, the welfare loss relative to the constrained
first-best is given by 0.46%. Interestingly, this loss is smaller than that in the competitive
equilibrium. This finding implies that if households can choose between this scenario
and the competitive equilibrium, they would rather have the CEO ignoring information

revealed by the stock price.

4.4 Robustness

In this section, I conduct comparative statics with respect to x and o,. Table |3| shows
the model-implied moments for xy € {0.15,0.35}. One can see that the three important
results from the benchmark calibration survive: (i) too much weight on price information,

(ii) sizeable welfare loss, and (iii) excessively volatile returns and investment growth.

The same pattern can be observed in Table |4} which displays the results for o, /oy €

{1/5,5}.
5 Conclusion

This paper analyzes the efficiency of stock-based compensation in the presence of noisy

but informative stock prices.

In my model, each household receives a private signal about future productivity. If
all agents behave fully rationally, the equilibrium stock price aggregates this information
without noise such that capital is allocated perfectly. In this case, rewarding the CEO
with stock-based compensation is efficient because it aligns his utility with that of the
average household. However, if I allow for the possibility that all agents make a small

correlated error when forming their expectations, stock-based compensation does not
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Model (y = 0.15) Model (y = 0.35)

CE CFB NPI CE CFB NPI
51 0.99 0.36 0 0.99 0.36 0
X 0.15 0.15 0.15 0.35 0.35 0.35
Welfare Loss 0.55 — 0.50 0.55 — 0.42
Elres) 2.67 2.64 2.69 5.47 5.45 5.52
o[rex] 12.58 11.48 12.55 12.26 11.33 12.20
E[Tf] 2.76 2.79 2.75 1.25 1.28 1.24
olrf] 0.80 1.29 0.98 0.79 1.29 1.15
U[dy] 2.48 2.12 2.41 247 2.06 2.28
o|di] 9.41 6.06 9.00 9.55 6.06 8.59
oldd] 2.74 2.85 2.80 2.64 2.78 2.81
Corr(de, Tez) -0.02 0.17 -0.06 0.03 0.13 -0.09
ACFIdc] 0.71 0.57 0.65 0.69 0.54 0.54
ACF[rey) 0.26 0.27 0.25 0.25 0.24 0.21
ACF|rf] 0.59 0.16 0.33 0.53 0.10 0.09

Table 3: Notation: CE: competitive equilibrium; CFB: constrained first-best; NPI: no price infor-
mation; Bi: weight on price information in three cases; x: relative importance of inside vs. outside
information; r..: log excess stock return; rf: log risk-free rate; dy, di, dc: first difference in log output,
investment, and consumption; ACF': first-order auto-correlation. All values in the second panel are in
%. All model parameters except x are taken from Table

prevent the CEO from committing this error: his private cost of investing near-rationally

is orders of magnitude smaller than the implied social cost.

I show that the CEQO’s exposure to this near-rational error leads to an inefficient use of
information. Conditional on the CEO behaving near-rationally, the social planner would

like to limit his weight on price information.

In the dynamic model, T implement this mechanism into a production-based asset
pricing model. I show that the main conclusions from the static model remain valid.
In particular, the CEO overuses price information in the competitive equilibrium, which
leads to a sizeable welfare loss of over 0.5% of permanent consumption. Moreover, both
excess returns and investment growth are excessively volatile. Interestingly, in my pre-
ferred calibration, households are better off if the CEO fully ignores price information in

equilibrium.
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Model (o;/09 = 1/5) Model (o5/0p = 5)

CE CFB NPI CE CFB NPI
b1 0.99 0.36 0 0.99 0.36 0
X 0.25 0.25 0.25 0.25 0.25 0.25
Welfare Loss 0.55 — 0.46 0.51 - 0.45
Elres) 4.07 4.05 4.11 4.11 4.07 4.11
o[Tex] 12.52 11.50 12.47 12.17 11.14 12.11
E[rf] 2.41 2.44 2.39 1.15 1.17 1.13
olrf] 0.79 1.29 1.07 0.85 1.31 1.07
o[dy] 2.47 2.09 2.34 2.45 2.09 2.35
odi] 9.51 6.08 8.80 9.19 6.12 8.80
oldd] 2.69 2.81 2.80 2.71 2.83 2.81
Corr(dc, res) 0.01 0.15 -0.08 0.00 0.17 -0.04
ACF|dc] 0.70 0.55 0.59 0.68 0.55 0.60
ACF[req) 0.25 0.24 0.21 0.29 0.31 0.28
ACF|rf] 0.57 0.18 0.18 0.44 0.13 0.21

Table 4: Notation: CE: competitive equilibrium; CFB: constrained first-best; NPI: no price infor-
mation; B1: weight on price information in three cases; x: relative importance of inside vs. outside
information; r.,: log excess stock return; rf: log risk-free rate; dy, di, dc: first difference in log output,
investment, and consumption; ACF': first-order auto-correlation. All values in the second panel are in
%. All model parameters except o, /0p are taken from Table
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A Technical Appendix

A.1 Proofs

A.1.1 Proof of Lemma I

First note that the market-clearing condition can be written as

Pr(&[D] < P) =2~ (A.1)

Next, the expected dividend can be written as &[D] = (1 — wero) (&[Y] — 3&E[K?)).
Because the households do not use their private signal to forecast K, no heterogene-
ity in &[K] exists, such that I write £[K] in the following. Moreover, the conditional

expectation of Y can be written as

e = e (&l +3ill) e (&l + fo+ B+ 5Vill) (A2

. 1
= exp <q+am + Bo + g + 2%[@/}) :

Then, plugging the expression for &[Y] back in the market-clearing condition gives

w—1

- Pr (eXp ((1 +B1)q + cqvi + Bo + ;Vl[y]) < ﬂKz}) (A.3)

U—w — 1 — wego 2

Next, note that o, 'v; is standard normally distributed with CDF @ (-), which implies

that
“1p-1 (@=1 S 1 1 2
exp (oo, @70 (25 )+ Bo+ (1 + A1)+ 3 Vily]) — 2€[K7
pP= ( (£2) il - , (A.4)
1 — weko
where Vi[y] = Vi[0] + 407 + 02 and E[K?] = exp (2 (Bo + £1q) + 2 (0}% + 052)).
As a result, the equilibrium stock price can be written as
P exp (ko + (1 + (1)) — %exp (k1 + 2619) (A5)

1 — wero

It then follows that P is strictly increasing in ¢ if the following sufficient condition is

fulfilled:

. . | w — 1 1 1 1 9
@ ) - : A6
1% (OJ—W> 2 (OG_Q +0,2 0.240;%+0,72 T o: (A.6)

Here the left-hand side is increasing in @ while the right-hand side does not depend on

w. Hence, @ has to be sufficiently large.
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A.1.2 Proof of Lemma [2

The expression for SWF follows from the fact that Ey[W;] is proportional to Ey[Y — C].

The rest follows from plugging in the expressions for Y and K derived before.

A.1.3 Proof of Proposition

If all agents become perfectly rational, the aggregate source of noise in the average ex-
pectation, ¢, vanishes. As a result, § = 6, and all agents can infer the realized value of
0, from q or equivalently P. It then immediately follows that the CEQO’s optimal capital
investment decision is given by K, = exp (0, + 0f). Plugging Ky, into the expression
for social welfare leads to SW Fy, = 1 exp (203 + 20?).

A.1.4 Proof of Corollary

Without information asymmetry (i.e., ¢ = 0), the CEO’s optimal choice for K is identical

to Ky, such that the resulting value for SWF' is identical as well.

A.1.5 Proof of Lemma [3

First note that the CEO’s optimal capital investment (under full and near-rationality) is

given by

R = Bo+ Big+ b5 (A.7)

ENE = Bo + B1q + ¢ + 0y, (A.8)

respectively. Then plugging &% and &V into the CEO’s expected utility gives

F; [Ué%EO] Weroh {exp (9a + 05+ kR) — %exp (QkR)

(A.9)

E, [U(ﬁ:@] = wWepo Bl {exp (Ha + 05+ k‘NR> - %exp (QkNR) , (A.10)

where F1[-] is conditional on all information available at t = 1. Then, using the fact that
ENE = kR + ¢ and dividing By [UYE] by Ey [UE,,] leads to the expression provided in

Lemma [3
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A.1.6 Proof of Lemma [4]

The expression for S;I[//VI;ZR simply follows from the definition of SW F' together with the

expressions for k% and kN, respectively.

A.1.7 Proof of Proposition

This follows from plugging in the log linear investment rule into the SW F' and maximizing

with respect to {bo, b1, ba}.
A.1.8 Proof of Lemma [5l

This immediately follows from the fact that o7 in the constrained efficient economy is

equal to that in the benchmark equilibrium and the expression for price informativeness,

0,2 =alo %

A.1.9 Proof of Proposition

This immediately follows from the expressions for {fy, 51} in — and {bg, b1} in

B9-BD-
A.1.10 Proof of Corollary

First note that log capital investment in the constrained first-best is given by k = by +

b1G + b2 + €. As a result, the following three moments follow:

Eolk] = bo (A.11)
Volk] = (albl >202 + (1 L h >202 + 202 (A.12)
0 1-— (6%) a 1— a9 € 27 '
b
Cov(ba + 07, k) — ( by )03+b20]%. (A.13)
1-— (65

Next, I prove the three claims in the corollary:

1.) The result that Ey[k] is inefficiently high immediately follows from the fact that

Bo = bo.
2.) The result that Vj[k] is inefficiently high immediately follows from the fact that

B1 > by.
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3.) The result that Cov (6, + 6¢, k) is inefficiently high immediately follows from the fact
that 51 2 bl.

A.1.11 Proof of Proposition

This result can be easily shown by maximizing social welfare subject to k = by + b1q +
B20 ¢ + € with respect to {bg, b1, ba} under the assumption that the CEO uses the rational

expectation instead of the near-rational expectation.

A.1.12 Proof of Proposition

This follows from plugging the functional form for k = vkp + kg into the social welfare

function and maximizing with respect to {~, do, 1 }.
A.1.13 Proof of Corollary
al(a1+1)a;‘;a§(a%og+a§)

This follows from the expression for v in Proposmon As a result, 007 = (ata3(o2 ro?) tata?)?

0.

>

A.1.14 Proof of Lemma

First, the set of individual state variables contains the commonly known state variables
Si. Moreover, the households build beliefs about the next period’s productivity shock
using their private signal and the market stock price. As a result, any individual choice y;
is a function of the state space: y(S;;) with S;; = {St, ¢, Eit[0i+1]}. Then, the equilibrium

conditions result in the following form:

91(Sit) = Eit [gr (Sit+1)] - (A.14)

Next, I show that given the structure of the right-hand side, the left-hand side is a

function of the state space S;;. Replacing the g, () by its Taylor series,

¢;(Sit) i i e o
~ _ J\=e Ji, ,J20J3  ©J4 5 ©J6
gr (Kis1, Wi, 0141, Eomo ts Qi1 Eir1) = E 1 (K1 — Ko)” wi*0/11E8k0 10151 €1

J

where Ky denotes the capital stock in the deterministic steady state, ¢;(S;) denotes
the coefficients in the Taylor series, and j = (j1, jo, J3, ja, Js, j6¢) is @ multi-index for the

expansion.
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Next, I take the expectation conditional on z;; and ¢. All terms except ;11 and

Ecro, are known at date ¢ such that

o= Cik (Sity, K1, pwi—q + 0 ,
it [9r(Sitr1)] = ZZ s (S t;rllk'p =l t)c‘:it [%Eovtefﬂ] (A.15)
§=0 k=0 A

= 4q (Kt,wtflyHtagCEO,tflvatvgit) 3
where the terms c¢j;(-) collect all the terms depending on K;,q and w;. Establish the
second equality requires some explanation.

First, note that ;1 and Eqgo+ are independent such that the conditional expectation
can be split in two parts. Next, note that all higher moments of 6,11 and Eqgo ¢ are
constant and known. Moreover, the conditional expectation (at date t) of Ecpoy is just
proportional to ¢y, which implies the conditional expectation &; {SéEOJHfH} is just a

function of ¢ and &;.

Note that aggregate quantities depend on known state variables as well as the average

expectation about 61 across households. Therefore, consider an aggregate variable:
Z(Sy) = /zi(Sit)dz = /Z ]—j' (K; — Ko)* wf_lﬁf’Séﬁao’t_qugffdz. (A.16)
= J!

Because [ &udi = @ by definition, it holds that aggregates depend on the state of the

economy S; and the average expectation ;.

A.1.15 Proof of Lemma [T

Given Lemma |§|, it follows that household ¢’s conditional expectation about 6;,1 takes

the following form:
Eir [9t+1] = 5[9t+1|$it, St] = 5[9t+1|5€it, qt], (A-17)

where §; = [y Ei[0r41]di.

Similar to the procedure in the static model, I can then guess that £;[0i11] = a1z +
aaqy + €¢. The integrating over all households gives ¢; as a function of 6;1 and ;. The

Bayesian weights o1 and as then simply follow from the projection theorem.

For the CEO, the conditional expectation about 6;; is also identical to that in the

static model for the same reason.
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A.2 Explicit Solution for o,

Here, I provide the explicit solution to the implicit expression for a; in equation ([16)).
—2

Solving o = 7 i’z+ —= for oy gives
0q “toz "+ajo;
P1/3 91/3 (=2 2
ap = _2Po+oyT) (A.18)
3 % 21/305—2 @1/3

where ® = 270204 + \/108(0, 2 + 0,2)30-6 + 7290, 40 8.
B Appendix to Section

B.1 Deriving the Equilibrium Conditions

In this section, I derive four equilibrium conditions for the quantitative model.

1. The marginal rate of substitution between consumption and labor is given by

1—o0 Oz
o (1—mny)

= w;. (B.1)

2. The optimal choice of stock holdings is determined from the standard asset pricing

equation:
Eit M1 Riq] =1, (B.2)

where the stochastic discount factor is given by:

1 i
N N o . v
M1 =19 <Cg,+1> (Cg+1> UZHI — ) (B.3)
NG \a )™
3. Similarly, bond holdings are determined from
7T/ bl
ElMirs)(1+77) — ( ;) ! (B.4)
o1-6)(1-%)C; "Cy
4. Firm investment follows from
1 Yigin Lt 1-0+Gi
@ = 50E07t71 [MCEO,t+1 (aKt—H - E + T ) (B.5)

ol

r_ 1 (L
where G} = - (Kt> .
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—
The CEO’s stochastic discount factor is given by Mcgo t+1 = dcro ( ) CEO.

B.2 Details on the Constrained First-Best in Section [4]

To compute the constrained first-best in section [} I let the social planner choose the
coeflicients in the CEQ’s expectation of # to maximize ex-ante household welfare. 1
restrict the analysis to linear expectations of the following form: Eggpot [0r41] = do +
901Gt + v (bo + b1Gr + et + 05+). Here, by and by are the equilibrium weights chosen by the
CEO. The tables in section [4 then report the combined weight on price information; that
is, 1 = 01 + vb1. To keep the model tractable, I assume the households can write the
CEO a contract enforcing the resulting investment policy. As a result, the CEO still

receives the equilibrium compensation per period.

B.3 Programming Guide

First of all, I use the following functional form for the penalty function for bond holding@

1 -1 bz 2
m(bi) = §7rAt_fb (Attl) . (B.6)

Next, I define the following normalized variables:

= for X =Cy, Ky, I, Cit, kit byt (B.7)
A

and‘/%:b"/;t: i
o Cit

I can then combine the four equilibrium conditions from above together with the

individual budget constraint, and the four market-clearing conditions to solve for

{Ct, Cit, g, Mg, Ky, kit+1a bt+1, T, Qt}-

I then use perturbation methods to solve the model numerically. This procedure ap-
proximates the solution to the quantitative model around the deterministic steady state.
Therefore, I first solve for the deterministic steady state of the model in which all shocks’
standard deviations are equal to zero. I then construct higher-order approximations for

both, the deterministic and the stochastic system.

Next, I provide more details about the welfare calculations used to construct the

constrained first-best in the quantitative model. Note that the share increase in lifetime

2In the numerical solution, I set this penalty equal to 7 = 1/1000.
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consumption that renders a household indifferent with respect to the implementation of

a given policy experiment at time 0 can be written as

- log 170 — log Uy
0 )

(B.8)

where Uy denotes the unconditional expected utility under the respective policy. Table
then displays the values for A, where the two possible policies are either the benchmark
equilibrium and the constrained first-best or the policy without price information and

the constrained first-best.

C Extensions of the Simple Model

C.1 Multiple Firms

Assume the setup from section [2| with the extension that a continuum of firms indexed
by j € [0,1] now exists. Each firm is run by an individual CEO that gets compensated

in proportion to the firm’s terminal payoff Y; — C;, where now

Ot |, (C.1)
1

¢ = K7 (C2)

As before, households get a noisy private signal about 6,, and each CEO perfectly observes
the firm-specific shock ;. Here, 0; = 0; +¢;, where 0y ~ N ((), 0]20) and e; is i.i.d. across

2

firms with zero mean and variance o;.

As before, each CEO’s optimal choice of k; = log K is given by
1
kj = gj[ea] + 5‘/;[0@} + ef + €j, (03)

where £;[0,] + 1V;[0.] = Bo + 14 + € as before.

Note that because households do not have private information about (the iid) firm-
specific shocks, the asset price for all firms is identical and conveys the same information
about 0,. As a result, all agents in the economy can learn about 6, from observing the

market price P = fol P;dj.
The combined welfare of all households and all CEOs is given by
SWF = Ey[Y — (], (C.4)
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where Y = fol Y;dj and C = fol Cjdj. Then, plugging in the expression for K; from above
leads to an expression for the social welfare function identical to the expression in section
Moreover, the individual cost for each CEO to commit ¢ is still equal to the expression
in Lemma [3] Therefore, the two main results from the simple model carry over to this
alternative setup: (i) the CEOs’ private costs of near-rational investment are lower than
the social costs, and (ii) they overuse price information when forming their expectations

about 6,.
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