Review of Economic Dynamics 51 (2023) 16-38

: : . . "
Contents lists available at ScienceDirect
Econor’mc
Dynamics

Review of Economic Dynamics

journal homepage: www.elsevier.com/locate/red

Agency frictions, managerial compensation, and disruptive n
innovations *

updates

Murat Alp Celik**, Xu Tian"

4 229 Max Gluskin House, 150 St. George Street, University of Toronto, Toronto, Ontario, M5S 3G7, Canada
b 620 South Lumpkin Street, Department of Finance, Terry College of Business, University of Georgia, Athens, GA 30602, United States of
America

ARTICLE INFO ABSTRACT
Article history: Whether a manager leads the innovation efforts of a firm in line with shareholder
Received 26 May 2022 preferences is key for firm value and growth. This, in turn, influences aggregate productivity

Received in revised form 9 November 2022

: ) growth and welfare. Data on US public firms reveals that (i) firms with better corporate
Available online 25 November 2022

governance tend to adopt highly incentivized contracts rich in stock options and (ii) such

Dataset link: https:// contracts are more likely to lead to disruptive innovations - patented inventions that
ideas.repec.org/c/red/ccodes/22-118.html are in the upper tail of the distribution in terms of quality and originality. Motivated

by these empirical results, we develop and estimate a new dynamic general equilibrium
]EEZLOCIHSSiﬁCGinHI model of firm-level innovation with agency frictions and endogenous determination of

executive contracts. The model is used to study the joint dynamics of corporate governance,

gig managerial compensation, and disruptive innovations, as well as the consequent aggregate
implications on growth and welfare. Better corporate governance can reduce the influence
Keywords: of the manager in determining the compensation structure. This leads to more incentivized

Agency frictions contracts and boosts innovation, with substantial benefits for the shareholders as well

Corporate governance as the broader economy through knowledge spillovers. Removing agency frictions leads
Innovation to contracts richer in stock options, boosting growth by 0.51pp, and welfare by 7.3% in
Managerial compensation consumption-equivalent terms. These findings are robust to incorporating short-termism.
Short-termism Short-termism itself is also detrimental, the removal of which increases welfare by 1.5%.

Alleviating both frictions at the same time leads to amplified gains in growth and welfare.
Crown Copyright © 2022 Published by Elsevier Inc. All rights reserved.

* We would like to thank David Lagakos and our anonymous referees, as well as Philippe Aghion, Ufuk Akcigit, Yan Bai, Mark Bils, Nick Bloom, Nicolas
Crouzet, Peter Cziraki, Andrea Eisfeldt, Brent Glover, Jeremy Greenwood, Shiyang Huang, Maurizio lacopetta, Narayana Kocherlakota, Oliver Levine, Di
Li, Gustavo Manso, Jose Mustre-del-Rio, Serdar Ozkan, Dimitris Papanikolaou, Pietro Peretto, Adriano Rampini, Diego Restuccia, Richard Rogerson, Juan
Sanchez, Lukas Schmid, Stephen Terry, Xuan Tian, Stijn Van Nieuwerburgh, Gustavo Ventura, Yong Wang, Toni Whited, Shengxing Zhang, Xiaodong Zhu, and
other participants at the ISET Workshop on Innovation and Entrepreneurship, Rochester Stockman Conference, FRB Philadelphia MATS conference, Peking
University CNSE Seminar, Sabanci University, Midwest Macro Conference, Computing in Economics and Finance 2018, China International Conference in
Macroeconomics, 2018 SED Annual Meeting, China International Conference in Finance, University of Montreal, Queen’s University, FRB Atlanta, University
of Guelph, University of Connecticut, Bank of Italy-CEPR-EIEF Conference, Princeton Growth Conference, SKEMA, and SFS Cavalcade North America for
their helpful comments and discussions. Celik gratefully acknowledges financial support from SSHRC Insight Development Grant (503178). Tian gratefully
acknowledges financial support from the Business, Systems, and Technology Innovation Research Grant from the Terry College of Business at the University
of Georgia.

* Corresponding author.

E-mail addresses: murat.celik@utoronto.ca (M.A. Celik), xu.tian@uga.edu (X. Tian).

https://doi.org/10.1016/j.red.2022.11.004
1094-2025/Crown Copyright © 2022 Published by Elsevier Inc. All rights reserved.


https://doi.org/10.1016/j.red.2022.11.004
http://www.ScienceDirect.com/
http://www.elsevier.com/locate/red
http://crossmark.crossref.org/dialog/?doi=10.1016/j.red.2022.11.004&domain=pdf
https://ideas.repec.org/c/red/ccodes/22-118.html
https://ideas.repec.org/c/red/ccodes/22-118.html
mailto:murat.celik@utoronto.ca
mailto:xu.tian@uga.edu
https://doi.org/10.1016/j.red.2022.11.004

M.A. Celik and X. Tian Review of Economic Dynamics 51 (2023) 16-38

1. Introduction

Innovation is the primary engine of economic growth in economies at the technological frontier, and a path to higher
profits and growth at the firm level. Companies such as Apple, Alphabet, Microsoft, and Amazon which dominate the list of
top US public firms by market capitalization can dispel any doubts to the contrary. A firm’s manager plays a crucial role in
directing and overseeing its innovation efforts. This, however, creates a tension: The interests of the shareholders and those
of the manager might not be perfectly aligned with each other, opening the door to agency frictions. In turn, these frictions
can result in suboptimal investment in innovation, leading to losses in firm value for the shareholders, and low economic
growth and welfare for the broader economy.

Better corporate governance can help align the interests of the managers and the shareholders, and thus alleviate the
negative impact of agency frictions. Recent empirical studies confirm the significance of corporate governance in the growth
process (see Nicolo et al. (2006), Claessens and Yurtoglu (2012), and Bloom and Van Reenen (2007) among others). A recent
report by OECD (2012) summarizes this body of evidence by arguing that “corporate governance exerts a strong influence
upon innovative activity and entrepreneurship. Better corporate governance, therefore, should manifest itself in enhanced
corporate performance and can lead to higher economic growth.”

Despite the substantial strands of literature on corporate governance, agency frictions, and firm innovation, little work has
been done to quantify the effects of agency frictions between shareholders and managers on firm innovation, managerial
compensation structure, economic growth, and social welfare. In this paper, we model the agency frictions between the
manager and the shareholders of a firm regarding corporate investment, where the managerial compensation structure
is endogenously determined, and affected by the quality of corporate governance. We nest this agency problem within a
rich dynamic general equilibrium framework with endogenous productivity growth that can tractably accommodate firm
heterogeneity. This novel framework allows us to shed light not only on the micro-level implications of agency frictions on
managerial compensation structure and firm innovation, but also on the much less investigated macroeconomic implications
of these micro-level frictions on economic growth and social welfare.

To achieve our purpose, we document motivating facts that shed light on the mechanisms through which corporate
governance influences firm innovation. One popular method employed by US public companies is increasing the share of
stock options in manager compensation. We find that firms with better governance (as proxied by high institutional own-
ership) tend to adopt executive compensation contracts with a higher share of stock options. The convex payoff structure
of state-contingent stock options provides incentives to the managers to engage in risky innovative activities, thereby con-
tributing to firm value and economic growth. We combine micro-data on patented inventions from the United States Patent
and Trademark Office (USPTO) with data on US public firms from Compustat and executive compensation information from
Execucomp databases for 1990-2004. Unlike the majority of papers using similar data, our focus is on the quality, not the
quantity, of innovations. To this purpose, we employ three scale-independent measures of disruptive innovations: (i) aver-
age citations received by the patents of a firm, (ii) the fraction of a firm’s patents that make it to the top 10% in terms of
patent quality, and (iii) the average originality of the patents — a measure which captures the variety of distinct technology
classes that the new innovation is combining and building upon. Consistent with previous literature, the stylized facts can
be summarized as follows:

1. Higher institutional ownership is positively associated with disruptive innovations.

2. Higher institutional ownership is positively associated with more incentivized CEO contracts, which contain more stock
options and restricted stock grants relative to the total compensation.

3. More incentivized CEO contracts are associated with more disruptive innovations.

4. The positive association between institutional ownership and disruptive innovations appears to be realized largely
through the mechanism of more incentivized CEO contracts.

How much do agency frictions between managers and shareholders matter for innovation, firm growth, firm value, and
economic growth? To what extent can the inefficiencies caused by agency frictions be alleviated through better corporate
governance and more incentivized executive compensation contracts? Are there systematic differences in the degree of this
inefficiency across time? Answering these questions in a purely empirical setting is challenging. First, agency frictions are
not directly observable. To assess their impact, we must observe what would have happened in a parallel, counterfactual
world in which there are no agency frictions. Evaluating this counterfactual is difficult, because it is hard to find exogenous
shocks that eliminate agency frictions. Even if there were such a shock, it is likely to be limited in scope, raising concerns
about external validity. Overall, it is unclear how to quantify the effect of agency frictions without a model.

We overcome these challenges by developing and structurally estimating a new dynamic general equilibrium model with
firm-level innovation, and endogenously determined managerial compensation contracts. This tractable theoretical model
and its quantification are our primary contributions. In the model, the firm’s board determines the CEQ’s compensation
contract. Taking the contract as given, the CEO makes the innovation decisions. The board, however, does not fully represent
the preferences of the shareholders. The CEO’s compensation structure is the product of a tug-of-war between the CEO
and the shareholders. The CEO has some influence over the board’s final decision, and his preferences enter the board’s
objective function along with those of the shareholders. Consequently, the agreed-upon compensation contract deviates
from the shareholder-optimal contract that would maximize firm value. Better corporate governance acts to reduce the
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CEO’s influence, enabling the board to choose contracts with a higher fraction of stock options. This in turn motivates the
manager to allocate more resources to innovation.! Better corporate governance thus leads to a higher rate of innovation and
more knowledge spillovers, thereby increasing long-run productivity growth and social welfare. Despite this complex setting
with rich dynamics, the model remains highly tractable and computationally feasible, where most of the relevant quantities
admit closed-form solutions. Thus we can largely avoid the problem of a “black box” model with many indistinguishable
moving internal parts. This facilitates a better understanding of the key mechanisms at play.

On the quantitative front, the model successfully replicates the above-mentioned stylized facts, and the measured corre-
lations play a significant role in disciplining the quantitative implications of the estimated model. Using simulated method
of moments (SMM), the model parameters are estimated to best fit a wide-ranging set of facts about US firms, such as
the aggregate output growth rate, share of research and development (R&D) expenditures, ratio of CEO compensation to
market capitalization, and the correlation structure between firm innovation, corporate governance, and the share of stock
options in the CEQ’s total compensation. Using the estimated parameters, we document the model’s implications for the US
economy by conducting a series of counterfactual experiments. Through these experiments, we quantify the importance of
the agency frictions between the CEO and the shareholders not only on micro-level observations such as firm innovation,
but also their macroeconomic impact on aggregate productivity growth and social welfare. An experiment in which we
remove agency frictions by shutting down CEO influence results in an increase in firm innovation by 26.6% of its value. The
equilibrium output growth rate increases by 0.51% on top of its targeted value of 2.00%. This leads to a significant welfare
gain of 7.3% in consumption-equivalent terms.” Another quantitative experiment that attempts to gauge the impact of FAS
123R, a change in accounting standards introduced in December 2004 which discourages firms from using stock options in
employee compensation, reveals that it might have slightly reduced long-run economic growth while concentrating R&D in
firms with better corporate governance. The overall effect is a fall in social welfare by 0.84%. We also investigate whether
preferential taxation of stock options can alleviate the agency frictions. However, the welfare gain from not taxing stock
options is a modest 0.91%.

The general equilibrium property of our framework matters for the precise assessment of the counterfactual implica-
tions of how agency frictions affect innovation, productivity growth, and welfare. Ignoring the endogenous responses of the
wages, the interest rate, and the knowledge spillovers across firms would significantly exaggerate how firms would change
their innovation policies. In particular, we demonstrate that ignoring the general equilibrium effects would increase the
welfare impact of shutting down agency frictions from 7.3% to 13.7%, highlighting the importance of using a general equi-
librium framework to quantify the impact of agency frictions. Our model’s ability to tractably cast an agency problem with
endogenous compensation structure in a dynamic general equilibrium model with endogenous growth helps in this respect.

A recent paper by Terry (2017) finds that short-term pressure on CEOs to meet earnings targets can force them to
decrease investment in R&D. Motivated by this finding, we enrich our analysis by incorporating short-term earnings pressure
on CEOs in our baseline model. We document new evidence on how short-termism is a more relevant problem for firms
with high institutional ownership. In the extended model, CEOs are punished if they miss the short-term earnings target.
This leads to a reduction in R&D spending and innovation especially for innovative firms when they face a low productivity
shock. We find that this extension does not change our quantitative results significantly. Removing short-term pressure
also leads to gains in growth and welfare, albeit at one quarter of the magnitudes achieved through shutting down CEO
influence. Finally, the model predicts amplified gains if both frictions are alleviated simultaneously.

This paper is related to the literature exploring the effects of agency frictions and executive compensation on managerial
risk-taking and investment decisions.> Glover and Levine (2015) provide evidence that managerial incentives, shaped by
compensation contracts, help to explain the empirical relationship between uncertainty and investment. Glover and Levine
(2017) find that the average CEO compensation contract incentivizes overinvestment in physical capital by 1.3 percentage
points per year. Albuquerue and Wang (2008) develop a dynamic stochastic general equilibrium model to study asset pricing

! The model imposes no priors on whether the agency frictions are large, small, or even absent. In the model, the CEO can under- or over-invest in
innovation depending on parameter values. Under the estimated parameter values, it turns out that the shareholders prefer more innovation than the CEOs
on average. This is guided by the direction of the correlation patterns between firm innovation, corporate governance, and the share of stock options in
executive compensation.

2 This number is an upper bound, since we attribute all economic growth to firm innovation. In Online Appendix A.12, we relax this assumption where
50% of the observed productivity growth is exogenous, which halves the welfare gain.

3 Morellec et al. (2012) develop a dynamic trade-off model to examine the importance of manager-shareholder conflicts in the choice of capital structure.
They find that adding agency cost helps resolve the low leverage puzzle and the time series patterns of leverage ratios. They also find that the variations in
agency costs are sizable, and the level of agency conflicts is correlated with commonly used proxies for corporate governance. Coles et al. (2006) argue that
CEO compensation that features high sensitivity of CEO wealth to stock price volatility implements riskier policy choices such as higher R&D expenditures
and leverage. Edmans et al. (2012) study optimal CEO compensation in a dynamic framework and find that the optimal contract can be implemented by
escrowing the CEQ’s pay into a “dynamic incentive account.” Ederer and Manso (2013) find that compensation based on the pay-for-performance principle is
effective in inducing managerial effort and productivity. Dittmann and Maug (2007) calibrate a static structural model to find the best mix of straight equity,
stock options, and cash compensation that keeps CEO effort at the same level while decreasing the costs to the firm. Eisfeldt and Rampini (2008) argue
that substantial bonuses are required to incentivize managers to declare capital must be reallocated under information asymmetry. Eisfeldt et al. (2020)
show that ignoring equity-based income causes incorrect measurement of the returns to high-skilled labor, with substantial effects on macroeconomic
trends. Panousi and Papanikolaou (2012) maintain that compensation with stock options can mitigate the negative impact of managerial risk aversion
on investment. Page (2018) estimates a dynamic model of CEO compensation and effort provision. He finds that variation in CEO attributes explains the
majority of variation in compensation and removing CEO influence increases shareholder value.
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and welfare implications of imperfect investor protection. Nikolov and Whited (2014) develop and estimate a dynamic model
to study the impact of agency frictions on firm cash holdings. Despite the substantial literature on corporate governance
and agency frictions, what is less well understood is the joint dynamics of agency frictions, managerial compensation, and
firm innovation, as well as its aggregate implications. Our paper aims to shed light on this by developing and estimating a
new dynamic general equilibrium model. Different from this strand of literature, which often treats executive compensation
as exogenously given, we study the joint determination of managerial compensation, firm innovation, and economic growth
in a united dynamic framework. Our general equilibrium framework offers significant value-added compared to what is
previously done in the literature, given that taking the effect of knowledge spillovers into account, as well as the endogenous
response of the firms to their competitors’ innovation choices are key to assess the true welfare cost of managerial agency
frictions.

The dynamic general equilibrium model featuring endogenous productivity and output growth links this paper to the
literature on endogenous growth, pioneered by Aghion and Howitt (1992), Lucas (1988), and Romer (1990).# In terms of the
particular model used in this paper, the closest two papers are Akcigit et al. (2016) and Celik (2022). The firm-level inno-
vation decision determines the probability of a successful innovation, which results in a permanent increase in the firm'’s
productivity. The increase in productivity benefits from Romer-type productivity spillovers, resulting in under-investment in
innovation from a social planner’s point of view. Firms have an incentive to invest in costly R&D to improve the innovation
probability, since their profits are linearly increasing in their relative productivity compared to the average productivity in
the broader economy. This model differs from these two papers in that the CEO of a firm chooses the innovation probability
under an endogenous contract determined by the board, subject to CEO influence. Due to the misalignment of incentives
between the firm’s CEO and its shareholders, the CEO might under- or over-invest in innovation depending on how his con-
tract is structured. Therefore, the agency frictions between the CEO and the shareholders generate an additional mechanism
through which the innovation in a competitive equilibrium might be further below the value in the Pareto efficient allo-
cation. Another closely related paper is Greenwood et al. (2022), which focuses on how the monitoring frictions between
venture capitalists and the start-ups they support can influence economic growth and welfare. In their setting, the venture
capitalists play a similar role to that of the institutional owners in our current model. lacopetta and Peretto (2018) show
that modest differences in corporate governance can account for large income differences across countries using a growth
model with governance distortions and resource diversion. Our framework also adds to the broader endogenous growth
literature with firm dynamics, such as Peters (2020), Akcigit et al. (2021a), Akcigit et al. (2022), and Ates and Saffie (2021).
We contribute by embedding a complicated agency problem where the endogenous compensation contract is the result
of a tug-of-war between the manager and the shareholders without abstracting away from rich firm dynamics, or losing
tractability.

This paper adds to a growing strand of literature studying the impact of corporate governance on firm innovation. Francis
and Smith (1995), Eng and Shackell (2001), and Aghion et al. (2013) find that greater institutional ownership is associated
with more innovation. Our paper is related to Aghion et al. (2013). We show that the effect of institutional ownership is
realized chiefly through the channel of managerial compensation.” Balsmeier et al. (2016) investigate the impact of board
independence on innovation. We find that their metric is positively correlated with our measures of disruptive innova-
tion. Chemmanur and Tian (2018) find that anti-takeover provisions and institutional ownership spur corporate innovation.
lacopetta and Peretto (2018) provide evidence that better corporate governance can lead to economic growth through inno-
vation in a cross-country setting. Although a large strand of previous literature documents the positive impact of corporate
governance on firm innovation, relatively less is known about the channel through which it operates. This paper aims to
provide a micro-foundation to shed light on the mechanisms that underlie these empirical facts. Moreover, the existing lit-
erature mostly focuses on the quantity rather than the quality of innovation, as discussed earlier. We use scale-independent
measures, and focus on highly cited disruptive innovations instead, as these are more likely to represent new ideas that
result in significant knowledge spillovers and fuel economic growth.®

This paper is also related to a large strand of literature studying how institutional investors affect the executive compen-
sation structure. Smith (1996) and Gillan and Starks (2000) report that public fund managers often voice the opinion that
managerial compensation should be linked to corporate performance. Hartzell and Starks (2003) and Chidambaran and John
(2008) document that institutional ownership is positively related to the pay-for-performance sensitivity of executive com-
pensation. Consistent with the existing literature, we also find that firms with higher institutional ownership tend to adopt
compensation contracts with high pay-for-performance sensitivity, owing to a high fraction of stock options. We structurally
quantify the impact of agency frictions on managerial compensation. We also move one step further to study the impact of
executive compensation on firm innovation, productivity growth, and social welfare in a novel dynamic general equilibrium
framework with endogenous productivity growth.

The paper is organized as follows. In Section 2, we develop a general equilibrium framework with endogenous growth
and managerial compensation contracts to study the joint dynamics of corporate governance, managerial compensation, and

4 See Aghion and Howitt (2009) and Acemoglu (2009) for literature surveys.

5 In an extended model with a direct effect of institutional ownership on innovation (i.e., through mechanisms other than managerial compensation),
the estimate of the parameter that governs the strength of this mechanism is revealed to be very low, consistent with the empirical evidence as shown in
Section 3.

6 The results are robust to considering scale-dependent innovation quantity measures. See Section B.4.
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firm innovation. In Section 3, we summarize stylized facts on the relationships among institutional ownership, executive
compensation contracts, and disruptive innovation. In Section 4, we estimate the model and document its implications for
US firms by carrying out a series of counterfactual experiments. In Section 5, we extend the analysis by incorporating
short-term earnings pressure on the CEO. Concluding remarks are offered in Section 6.

2. Model

In this section, we develop a new dynamic general equilibrium model with firm-level innovation, and endogenously
determined managerial compensation contracts which can be distorted by agency frictions. Time is discrete and denoted by
t€{0,1,2,...}. There are three types of agents: the representative household, the firms, and their CEOs. The representative
household supplies labor in exchange for wages, and owns all the assets in the economy. There is a continuum of firms
with measure one, and each firm has a CEO. At time t =0, the contract between the firm and the CEO are determined
endogenously. Given the contract, the CEO chooses the production inputs and the innovation probability of the firm he
is managing. If corporate governance is not perfect, the CEO can influence the determination of the structure of his own
compensation and distort the contract he is offered away from the contract that would be optimal for the shareholders.
Consequently, the firm can end up under- or over-investing in innovation as a result of the agency frictions.”

2.1. Representative household’s problem
The representative household is infinitely lived. It supplies labor L =1 inelastically and receives the wage rate w;. It can

freely borrow and save at the real interest rate r;. There are no aggregate fluctuations in the model, so the representative
household’s problem is deterministic. The decision problem is stated as:

oo C]*(J)
max Zﬂt t , such that (1)
C.A 1—-w
t=0
Ce+ A1 (M +r1)Ar +we,VEeN (2)

with C = {C}%, and A= {At}f24, given Ag. The Euler equation of this standard problem is
Cr® =B +res1)CY (3)
2.2. Static profit maximization

There is a continuum of firms with measure one. A firm can produce the final good in the economy under perfect
competition according to the production function

Ve =2z k<L (4)

where z; is the firm-specific productivity, I; is the labor input, and k; is the capital input. We impose ¢ € (0, 1), « € (0, 1),
A €(0,1),and ¢ +x + X =1.Since x +A < 1, there are decreasing returns to scale, and therefore the firm has positive profits
that are increasing in productivity z; which is shown below. The static profit maximization of the firm can be written as:

max [zf KT — (e + 8)ke — wtlt] (5)
ke, 1e>0

Define the average productivity of all firms at time t as z;. In the Appendix, it is shown that the static profits of a firm

along a balanced growth path are given by

_ Zt
n(zt,lt)—ﬂm (6)
t
where 7 is a time-invariant constant. For now, denote the static profits as I1(z, ®) where ® denotes all the relevant state
variables for the aggregate economy.

7 The model imposes no priors on whether the agency frictions are large, small, or even absent. We let the data tell us how much the contracts are
distorted, and in which direction through our structural estimation. For any set of parameters, there exists a threshold CEO disutility parameter v above
which the CEO wants to over-invest, and below, under-invest.
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2.3. Dynamic profit maximization without agency frictions

First, we state a firm’s dynamic profit maximization problem where it can choose its own innovation rate. In the next
subsection which introduces agency frictions, the firm’s CEO will take on this decision, and maximize his own utility subject
to his contract instead of the value of the firm.

The firm can increase its productivity z; over time through innovation. Innovation is stochastic. If the firm is successful
in innovation, its new productivity becomes z;11 = z; + Y Z;, where y > 0 is a scale parameter. If the firm fails to innovate,
its productivity remains as is (z¢+1 = z¢), but its relative productivity falls due to growth in average productivity z; along
the balanced growth path. Let i € [0, 1] denote the probability of succeeding in innovation. To generate a probability i of
successful innovation, the firm must incur R&D costs given by

Cli.7) = Ci z 7
(i,2) = (l)m (7
where @(i) = —x(In(1 — i) 4+ i).% The parameter x > 0 is the scale parameter that governs how efficient the firm is in

coming up with new innovations, with a lower value of x indicating a more innovative firm. Given these components, the
dynamic profit maximization of the firm (without any agency frictions) can be written as follows:

_ i _ 1—i
Vif(z, ©) = max 111(z,0) — C(i,2) + —— V(2 + yZ, O) + ——Vie(z, ©") (8)

ic[0,1] 1+4+r 1+4+r
The subscript “nf” stands for “no (agency) frictions.” The first expression denotes the static profit of the firm that depends
on the firm’s own productivity z, and the aggregate state of the economy ©. The second term denotes the R&D costs the
firm incurs so that it can successfully innovate to improve its productivity in the next period by yz. The third term denotes

the continuation value of the firm conditional on a successful innovation, discounted by the real interest rate. The final term
is the continuation value of the firm conditional on a failed innovation attempt.

Theorem 1. Along a balanced growth path equilibrium, the value function of the firm without agency frictions takes the form:
Vai(z.2) = vz + vz (9)
5 z 5 _ z nf nf . . .

where z= ST and z = ST whereas v and v, are time-invariant constants.

Proof of Theorem 1. This is shown as a part of the proof of Theorem 2 in Appendix A. O

Corollary 1. The optimal innovation policy i in the dynamic profit maximization problem of the firm without agency frictions must

satisfy
0CG.2) 1 [ aciy vy
s nf, ~ 1
ons Y 10
9i 1+r["”’z]© 9 d+r (10)

This equation pins down the shareholder-optimal innovation rate i that maximizes firm value. Note that it does not
depend on the firm’'s productivity z, the aggregate productivity z, or time.

2.4. Preferences and compensation structure of the CEO

Next, we introduce agency frictions to the setting. Each firm in the model has a CEO who chooses the level of production
inputs k and I, as well as the probability of successful innovation i. A CEO has standard time-separable constant relative risk
aversion (CRRA) preferences over consumption, and receives disutility from exerting effort to oversee the firm’s innovation
efforts.” The preferences are represented by:

1-w

[e.¢]

> 2 C L ~1—

UCD=E|Y p' ({0 vz (11)
t=0

8 Any function that is increasing and convex with C‘(O) =0 and lim;j_q ﬁ(i) = oo would serve the same purpose. The first derivative of this function is
X155

9 Note that we do not require the CEO to desire less innovation than the shareholders. This will be determined through the estimation of the R&D cost
parameter of the firm, x, and the innovation disutility parameter of the CEO, v. In practice, a CEO can desire a higher i than the shareholders due to empire
building or prestige concerns (see Jensen and Meckling (1976) and Jensen (1986) among others). These would imply a lower value for v in estimation.
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with ¢ = {c:}32,, i= {it}2g, B €(0,1), and w # 1 is the CRRA parameter.'® The term v(i) captures the disutility from
overseeing innovation'' and is given by:

v(i) = —v(n(1 — i) 4+ 1) (12)

where v is the scale parameter which determines the efficiency of the CEO in overseeing innovation, with a lower value of
v indicating a more innovative CEO.!?

CEO compensation consists of two components: salary, which is not state-contingent, and stock options, which have a
state-contingent payoff.!> Define the strike price of the firm at time ¢, as in Glover and Levine (2015):

S(zt, Or) = V(z, Or) — [T1(z¢, O) — Cie, Z0)] (13)

where V(z, ®) denotes the value function of the firm with agency frictions.!* CEO compensation in period ¢ is written as'>:

€ =S¢zt + 0, max {0, V(z¢, ©r) — (1 +10)S(z¢—1, O—1)) (14)

In this equation, s; denotes the salary (normalized by output) received by the CEO, whereas o; denotes the share options
granted to the CEO as a fraction of the total shares of the firm. The second term has a positive value if the value of the
firm in the next period exceeds the strike price this period, and is zero otherwise.'® Therefore, the option part of CEO
compensation is convex in the future value of the firm.

We should highlight that this compensation structure is much more general than it first appears. Consider an arbitrary
Markov Perfect compensation scheme that delivers (cq, cy) € Ri where the CEO is paid ¢y contingent on a failed inno-

vation I =0, and ¢, contingent on a successful innovation I = 1. Then, (s,0) with s=cy4 and 0 = (¢, — cd)% exactly

implements (cq, ¢;;) as shown in Theorem 2. In other words, directly targeting innovation in CEO pay is already within the
contract space our formulation spans.'’

2.5. CEOQ'’s decision problem

Given a compensation structure, the CEO of the firm chooses the level of production inputs k and I, as well as the
probability of successful innovation i. The CEQ’s contract is time-invariant, that is s; =s, ¥Vt and o; = o, Vt.'"® Note that
choosing the optimal levels of capital k and labor [ is costless for the CEO. Therefore, he will choose the optimal levels
in the static profit maximization problem. That only leaves the decision for the innovation rate i. Theorem 2 establishes
intuitive closed-form results for the CEO’s innovation policy i(s, 0) and the associated balanced growth path equilibrium.

Theorem 2. Given a contract (s, 0) for the CEOs, the following are true for a balanced growth path equilibrium'® where the average
productivity level z grows at the constant rate g,:

10 The multiplicative term Z[’"" is included to make sure that the disutility from the innovation effort does not shrink over time along the balanced

growth path. This can be thought of as the value of time spent on leisure increasing in tandem with aggregate productivity.

1 This term captures the effects of mechanisms that might affect the innovation chosen by the CEO such as the “quiet life hypothesis” in Bertrand and
Mullainathan (2003) and Ikeda et al. (2018), future career concerns studied in Holmstrom and Costa (1986) and Holmstrom (1999), and empire building or
prestige concerns as in Jensen and Meckling (1976) and Jensen (1986). The model is flexible enough to generate both over- and under-investment.

12 Any function that is increasing and convex with v(0) =0 and lim;_,; v(i) = oo would serve the same purpose.

13 Qur focus on salary and options is motivated by the empirical evidence in Section 3. We find that it is primarily the stock options that are highly
positively correlated with innovation. Salary, on the other hand, is negatively correlated. An alternative model with state-contingent salary would therefore
be rejected by the data, while state-incontingent salary is consistent with empirical observation. Additionally, our contract structure is much more general
than it appears, and can implement any arbitrary Markov Perfect compensation scheme as discussed below.

14 See Appendix A.13 for the detailed derivation of the option exercise value.

15 Note that we do not model manager savings in the baseline model. However, the extended model with manager savings does not lead to significant
differences. This is because we have infinitely-lived agents and focus on the stationary equilibrium. Along a BGP, the savings of all managers start near their
long-run wealth target, and there is only a small amount of ergodic movement around the target (failure to innovate marginally increases innovation effort
due to the income effect, and vice versa). We opt for a simpler setting in the baseline model which helps maintain tractability.

16 The (1+r;) term that appears in this equation is the relative price of period t — 1 final good in terms of period t final good.

17 We thank our anonymous referee for bringing this alternative compensation scheme to our attention.

18 Time-invariance of the contract is an equilibrium outcome without the ability to credibly commit to future actions given renegotiation. Time-varying
contracts would require exogenous restrictions on the action set to maintain sequential rationality, or strong labor market frictions must exist such that
self-enforcing contracts are feasible. Time-varying contracts would also violate the balanced growth path property, which is necessary given our focus on
aggregate productivity growth. Such commitment problems are more suited to be studied in a microeconomic setting with partial equilibrium, and remain
outside our focus. In Section 4.7, we show that ignoring the general equilibrium effects would nearly double the estimated impact on innovation, growth,
and welfare, highlighting the importance of using a general equilibrium framework to quantify the impact of agency frictions.

19 A balanced growth path equilibrium and an associated stationary (relative) firm size distribution exist despite growth rate heterogeneity. This is due to
the additive spillover term in the law of motion for productivity, which ensures that the firms that innovate at a higher rate do not completely break away
from the less innovative firms. More innovative firms are larger on average, but the laggard firms grow faster conditional on success, whereas the leader
firms grow slower conditional on success, and this keeps all firms together. For the details of the proof, see Akcigit et al. (2016).
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1. Static profits of a firm with productivity z are given by T1(z, Z) = wZ where 7 is a time-invariant constant.
2. The CEO’s optimal innovation decision i(s, 0) is a time-invariant constant and solves the equation:

; (5+ %(1 —i))liw sI=@  joyvy o0y vy @
V(i) =BG, — T (s+ c. (1—i)> (15)
It does not depend on the firm’s productivity z or the average productivity level Zz.
3. For a given time-invariant innovation decision i, the value function of the firm takes the form
V(i,z,2) =viZ+ va(i)Z (16)

where v1 is a time-invariant constant, and v, (i) is a functﬁon of i.

4. The growth rate of the average productivity level is g, = yi(s, 0).

5. The aggregate variables output Y, household consumption Cy, capital stock K;, aggregate R&D spending X;, aggregate manager
consumption Cp ¢ and the real wage rate w, grow at the constant gross rate G, = (1 4 g, O+0)  The real interest rate r is
time-invariant.

2.6. Determination of CEO compensation

Ideally, the CEO’s compensation would be directly chosen by the shareholders. In reality, CEOs have some influence over
the determination of their compensation; hence, they can distort the compensation structure to suit their own preferences
as opposed to those of the shareholders.2’ To model this in a simple way, the objective function used in the determina-
tion of CEO compensation will put some weight on both the utility of the CEO and the utility of the shareholders.?! In
Section A.10 of the Theory Appendix we microfound the inverse relationship between institutional ownership and CEO in-
fluence in detail.? Let 5 € (0, 1) denote the weight of the CEO’s preferences, and 1 — 1 denote that of the shareholders. The
compensation determination problem is written as:

o0 1—w o0
_max 0k ;ﬁf e R ™) |+ (1= E vmwm—éﬁ (17)
¢t =5z +omax {0, V(z, ) — (1 +1¢)S(ze—1, Or_1)}, Vt (18)
i =1i(s,0), Vt (19)
T | g - (20)
ST A +rr)

The first term in the objective function represents the CEQ’s influence in the determination of his compensation structure
between salary s and stock options o, which is increasing in 7. The second term in the objective function represents the
shareholders’ influence, where their preferences are simply the expected value of the firm at time t =0 minus the present
discounted value of the expected payments to the CEO. The first set of constraints is the CEO compensation at different
periods. The second set of constraints recognizes what level of innovation i; the CEO will choose given his compensation
structure (incentive compatibility). The last constraint requires the present discounted value of the expected payments to
the CEO to be equal to U.??

Theorem 3 establishes that the problem can be further simplified, where all terms and constraints admit closed-form
solutions, and the only relevant choice is the amount of stock options o which lies in a compact domain.

Theorem 3. The compensation determination problem can be rewritten as follows:

s1-w 2 2 1-w ~ 1—w

Z i(s,0 oyvi(l—i(s,o0 1—i(s,0))s N
max nZy : (s,0) sS4 yvi( (s,0)) +( (s,0)) — (. 0))
0€[0,1] 1— ﬂcg—w 1-w G 1-—

20 see Bebchuk and Fried (2003) for an overview.

21 This objective function can be thought of as the board’s objective function. Higher CEO influence manifests as the board favoring the CEO. This is in the
same spirit as Page (2018).

22 The model in Section A.10 describes an endogenous economic mechanism where the size distribution of shareholders affects the composition of the
board, and thereby board independence and CEO influence. This creates an endogenous link between institutional ownership and CEO influence.

23 We consider three alternative specifications for the compensation determination problem and their differences in Section 2.9.
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+(1 = mva(i(s, 0)Zo ] , such that 21
_ 1+r 0y Vvis 8 -
U= p—e [s+ c, i(s,0)(1 1(3,0))] Zo (22)

Solving this problem allows the computation of a balanced growth path equilibrium of the economy given parameter
values. In Online Appendix A.11, we provide some comparative statics results showing how the innovation decisions of the
firms, the compensation structure, output growth rate, and social welfare react to changes in the parameter values.

2.7. Introducing firm and CEO type heterogeneity

In the model described thus far, the only difference across firms is firm-specific productivity z. The value of z only
influences static profit maximization (the choice of k and I), whereas it has no influence on the dynamic decisions (the
choice of i by the CEO, or the choice of s and o by the board at time t = 0). The CEOs are completely homogeneous. We
will now generalize the model to allow for firm and CEO type heterogeneity.

Let there be a finite number of firm types indexed by m € {1, 2, ..., M} and a finite number of CEO types indexed by
ne{1,2,..., N}. For simplicity, we can define firm-CEO pair types indexed by j={1,2,..., J} where ] =M x N. From this
point on, we refer to a firm-CEO pair type as a firm type for brevity. The firms are allowed to differ from each other in the
cost of R&D x;, productivity gain from successful innovation y;, and CEO influence®* parameter 7 j- The CEOs are allowed
to differ from each other in disutility from innovation v;, and expected present discounted value of future compensation
U;. Hence, each firm type j can be summarized by a five dimensional vector (x;, vj, 11}, vj, gj)_zs

Despite the richer environment, solving for the balanced growth path equilibrium of the economy remains the same
except for a few changes which are discussed in detail in Section A.2 of the Appendix. In essence, introducing firm and CEO
type heterogeneity is a matter of solving ] similar problems side by side. The interaction between the firm types comes
through the general equilibrium effects on the real wage rate w, the productivity distribution Z(z), and the growth rate
of its mean, g;. Let ; € [0, 1] denote the fraction of firms of type j in the economy, such that Z}:] wj=1. The average
productivity level for all the firms in the economy is the weighted sum of average productivity levels for particular firm
types, that is, z; = 211'21 o jif . Consequently, the growth rate of the average productivity level z along a balanced growth
path equilibrium is given by:

J
2= Wjvjij (23)
j=1

2.8. Competitive equilibrium and the social planner’s solution without agency frictions

To assess the impact of the agency frictions that arise as a result of CEO influence over the board’s decision, one can com-
pute the competitive equilibrium allocation where the firms can choose the quantities that are optimal for the shareholders.
However, even the economy with no agency frictions does not attain the first-best, since the firms do not internalize the
positive spillovers of their own innovation to the rest of the economy, which happens through their positive effect on the
average productivity level z. To compute the first-best allocation, one needs to solve the social planner’s problem where the
effects of innovation are internalized. The balanced growth path equilibria for the competitive equilibrium with no agency
frictions, and the social planner’s problem and solution are presented and calculated in Section A.3 of the Theory Appendix.

2.9. Alternative specifications for determination of the CEQ’s contract

Section 2.6 introduced the compensation determination problem where the board assigned the weight n to the CEO’s
utility, and (1 — 1) to that of the firm’s shareholders. Beyond the standard incentive compatibility constraint, the board
was required to provide a certain present discounted value of future compensation to the CEO. It is important to consider
whether alternative specifications of this particular section of the model can influence the qualitative and quantitative
implications one can derive.

We consider three alternative specifications for the compensation determination problem, which can be found in the
Theory Appendix. Section A.4 drops the present discounted value of CEO compensation constraint. In this flexible compen-
sation specification, the board can choose both the composition and the level of the CEO’s compensation (as opposed to only
the composition in the baseline model). Section A.5 replaces the same constraint by another one which promises the CEO a
certain level of utility instead. Consequently, the CEO’s influence parameter 1 loses its meaning, and the board’s problem is

24 Hence we introduce heterogeneity in corporate governance quality, which is inversely related to CEO influence.
25 Note that we could also introduce heterogeneity in CEO time discount factor 8 or CRRA parameter o if needed following the same idea.
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reduced to a standard principal-agent problem where the principal’s utility is equal to that of the shareholders.?® Section A.6
takes another approach and considers the problem where the CEO and the shareholders are both risk-neutral agents. In this
setting, it is possible to get simpler closed-form solutions, and the present discounted value of future compensation becomes
equivalent to the individual rationality constraint of a principal-agent problem.

3. Motivating evidence

In this section, we summarize the empirical evidence which motivates our model and disciplines the structural estima-
tion. In particular, we are interested in the relationship between institutional ownership, managerial compensation structure,
and innovation. This information is used to discipline the same elasticities in our model through indirect inference. For
brevity, the details of the empirical analysis are relegated to Online Appendix B.

We combine information from USPTO Utility Patents Grant Data, Compustat North American Fundamentals, Execucomp,
and Thomson-Reuters Institutional Holdings database to construct our sample. The three main measures of innovation we
use are average patent citations (corrected for truncation and technology class bias as in Hall et al. (2001)), tail innova-
tions (Acemoglu et al. (2022)), and average originality (Hall et al. (2001)). The three measures of CEO compensation are
option/income ratio, share/income ratio, and the sum of the two, called deferred ratio. We use the fraction of shares held by
institutional owners to capture the positive effect of institutional ownership on corporate governance through the reduction
of CEO influence. We establish the following stylized facts:

1. Higher institutional ownership is positively associated with disruptive innovations (Table B1).

2. Higher institutional ownership is positively associated with more incentivized CEO contracts, which contain more stock
options and restricted stock grants relative to the total compensation (Table B.2).

3. More incentivized CEO contracts are associated with more disruptive innovations (Table B3, Columns 1, 4, and 7).

4. The positive association between institutional ownership and disruptive innovations appears to be realized largely
through the mechanism of more incentivized CEO contracts, and especially option/income ratio (Table B3, Columns
2-3, 5-6, and 8-9).

5. The positive effect of institutional ownership on more incentivized contracts and disruptive innovations remains signif-
icant even when using instrumental variables proposed by Aghion et al. (2013) and Hartzell and Starks (2003), lending
credence to the hypothesis that the effect might be causal. (Table B4).

The rest of Online Appendix B discusses various robustness checks, such as dividing the sample into high-tech versus
low-tech industries, excluding pharmaceuticals, using different fixed effects, excluding non-patenting firms or years with
no patents, adding more control variables, using alternative innovation variables, and controlling for option vesting and
distance-to-default.

4. Quantitative analysis
4.1. Estimation

The computation of the equilibrium requires assigning values to the parameters, and choosing the number of distinct
firm types. In our baseline estimation, we introduce firm heterogeneity in terms of the CEO influence parameter n - that
is, the firms in the model differ from each other in terms of firm-specific productivity z, and the quality of corporate
governance which is inversely related to CEO influence. This is accomplished by assuming a discrete uniform distribution
over 7, with the upper bound 7, and the lower bound 5y, & 0.>7 Under this specification, eleven parameter values must
be determined: w, 8, ¢, k, A, 8, ¥, V, X, Nup, and U. Some common parameters are chosen from existing studies, whereas the
rest are structurally estimated following a simulated method of moments approach as in Erickson and Whited (2002). We
discuss the sources of the externally estimated parameters below:

1. CRRA parameter: The constant relative risk aversion parameter is taken to be w = 2.00, consistent with the estimates
listed in Kaplow (2005).

2. Discount factor: We pick the discount factor to be 8 =0.9815, a standard value for annual real business cycle models.

3. Factor shares in production: Corrado et al. (2009) calculate the shares of tangible capital, labor, and intangible capital to
be k =0.25, A =0.60, and ¢ = 0.15 respectively. The share of intangible capital calculated is mapped to a firm’s share of
productivity in generating output in the model. Alternatively, the markup over average cost in the economy, ¢/(1 — ¢),
is consistent with the values used in Midrigan and Xu (2014) and well within the range of other values commonly used
in the literature.

26 In this alternative model, the CEO influence 7 is absent from the problem. This is because fixing the CEQ’s utility to U removes any possibility of
negotiating a compensation structure that favors the CEO. Consequently, the board always chooses a contract that implements the shareholder-optimal
contract, and the agency friction is assumed away. This is the reason why we opt for our baseline framework.

27 Adding nyp to the set of internally estimated parameters also results in 1y, ~ 0 being picked by the estimation routine.
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Table 1
Baseline model parameters and target moments.

A. Parameter estimates

Parameter Value (stde) Description Identification

External Estimation
8 0.069 capital depreciation rate US NIPA
< 0.150 productivity share in production Corrado et al. (2009)
K 0.250 capital share in production Corrado et al. (2009)
A 0.600 labor share in production Corrado et al. (2009)
w 2.00 CRRA parameter Kaplow (2005)
B 0.982 discount factor risk-free rate

Internal Estimation
y 0.398 (0.0114) innovation productivity increase output growth rate
v 203.55 (0.7156) CEO disutility B(innovation, optionratio)
X 0.800 (0.0289) R&D cost scale parameter R&D intensity
Nub 0.0013 (0.0001) upper bound of CEO influence B(innovation, inst own), B(optionratio, inst own)
U 0.338 (0.0119) PDV of CEO compensation mean option ratio, CEO pay/market cap

B. Moments

Target Moments Data Model
B(innovation, inst own) 0.048 0.037
B(innovation, optionratio) 0.025 0.038
B(optionratio, inst own) 0.029 0.033
R&D intensity 2.91% 2.77%
CEO pay/market cap 0.31% 0.32%
Output growth rate 2.00% 2.00%
Mean option ratio 36.16% 36.10%

Notes: The estimation is done with the simulated method of moments, which chooses model parameters by matching the moments
from a simulated panel of firms to the corresponding moments from the data. Panel A reports the estimated parameters. Panel B
reports the simulated and actual moments. All correlations are standardized correlation coefficients (betas), i.e. the variables are
standardized by subtracting their mean and dividing by their standard deviation, both in the model and the data. See Section 4.1 for
details.

4. Depreciation rate for capital: The annual depreciation rate of physical capital is chosen as 6.9%, which is consistent with
the US National Income and Product Accounts.

4.2. Targeted moments and identification

Five parameters remain to be determined: the productivity increase parameter conditional on successful innovation y,
the CEO disutility parameter v, the R&D cost parameter yx, the upper bound of the distribution of CEO influence across firm
types nup, and the present discounted value of managerial compensation, U. All these parameters are jointly estimated to
match the following targeted data moments:

1. Long-run output growth: Since 1945, the aggregate output in the US has grown at about 2% per year. The parameter
y determines the increase in productivity a successful innovation generates and, hence, it plays the foremost role in
determining the output growth rate in the model.

2. R&D intensity: To discipline the R&D spending in the model, we target the ratio of R&D expenditures to GDP in the US.
Akcigit et al. (2021b) report this number to be 2.91%. This target plays the largest role in pinning down the R&D cost
parameter x in the model.

3. Mean option ratio and CEO compensation over market capitalization: In the model, the parameter U determines the expected
total CEO compensation under the optimal contract. We discipline this parameter by targeting two moments. The first
target is the mean option ratio, which is calculated by dividing the value of option compensation by total compensation
for each CEO. This number is 36.16% in our sample. The second moment is the average ratio of CEO compensation to
the market capitalization of the firm. In our data, this ratio is calculated to be 0.31%.

4. Correlation between innovation and option ratio: The disutility parameter of the CEO v largely determines the response of a
CEOQ’s innovation decision to the option to income ratio implied by his contract. To discipline this elasticity, we require
the correlation?® between the innovation outcome and option/income ratio in the model to match the correlation
between tail innovations and option/income ratio in the data, which has the value 0.025.%° In this regression, as well

28 All correlations are standardized correlation coefficients (betas); that is, the variables are standardized by subtracting their mean and dividing by their
standard deviation, in both the model and the data. Furthermore, the correlations from the data are calculated after the effects of all control variables are
removed, as in Section 3, to make the quantities comparable.

29 This choice maps a successful innovation realization in the model to highly cited patents in the data (top 10%), whereas an unsuccessful innovation
realization is linked to low-quality patents that receive few citations. Note that the R&D expenditure is a deterministic input, whereas the innovation
realization is a stochastic output. In both the model and the data, we focus on the latter. Using average citations, originality, or patent value metrics
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Fig. 1. Marginal cost and benefit of innovation for the CEO. Notes: This figure displays the marginal cost and marginal benefit of innovation for the CEO
under different option and salary values.

as the ones discussed below, we use the same controls as in the empirical section. Doing so helps purge out the effects
of factors left out of the model, as in Li et al. (2018).

5. Correlation of institutional ownership with innovation and option/income ratio: In the model, CEO influence 7, which is
inversely related to corporate governance quality, directly affects the option to income ratio in the optimal contract,
and indirectly influences the innovation rate chosen by the CEO. In our empirical analysis, we focus on institutional
ownership as our prime measure of corporate governance. To estimate the upper bound of CEO influence 1,;, we target
the correlation of institutional ownership with the innovation outcome and the option/income ratio, where we impose
the model counterpart of institutional ownership to simply be 1 — 1.3 The values of the two correlations in the data
are 0.048 for innovation, and 0.029 for option/income ratio.

The detailed estimation procedure is illustrated in Section A.14. Panel A of Table 1 reports the values of the parameters
and the associated standard errors in the case of internally estimated parameters, whereas Panel B provides an overview
of the values of the targeted moments in the data and the estimated model. The model tightly matches the seven data
moments. While the estimation routine only targets pairwise correlations between successful innovation, institutional own-
ership, and option ratio, the model does a good job in matching the overall nonlinear relationship between the three
variables, as shown in Fig. 3 in Section 4.5. The Jacobian matrix of the model moments with respect to the model parame-
ters in percentage terms is displayed in Table C4.

4.3. Marginal cost and marginal benefit of the CEO’s innovation decision

To better visualize the trade-offs the CEO faces in choosing the innovation probability under different contracts (s, 0), as
shown in equation (15), we plot the marginal cost and marginal benefit of innovation for the CEO in Fig. 1. The marginal
cost of the CEO is the disutility from innovation, and depends solely on the disutility parameter v of the CEO. The left panel
depicts the marginal benefit curve under three different levels of stock options: low, medium, and high. Holding salary
constant, an increase in stock options in the contract shifts the marginal benefit curve up, inducing the CEO to choose
a higher rate of innovation in equilibrium. Similar to the previous exercise, the right panel depicts the marginal benefit
curve under three different levels of state-noncontingent salary: low, medium, and high. Holding the stock options constant,
increasing the level of the salary component results in an income effect. Since the CEO is now wealthier, an increase in the
salary reduces the CEO’s incentives to engage in disruptive innovation.

4.4. Board objective function and innovation decision rule

We plot the board objective function and the CEQ’s innovation policy function for firms with n = n,,/2 in Fig. 2. The
left panel depicts the board objective as a function of the stock options offered to the CEO. The right panel plots the CEOQ’s
innovation decision as a function of the stock options as well. The board objective function is maximized at the amount of
stock options marked by the dashed line. Given the stock options (and the implied salary) chosen by the board, the manager
chooses the innovation level that maximizes his own utility under the contract.

developed in Kogan et al. (2017) instead of tail innovations does not lead to significant changes in the targeted moments or the resultant parameter
estimates.

30 Note that the value of 1 has no cardinal interpretation in the model, since the preferences of the CEO and the shareholders are ordinal - for instance,
multiplying the CEO’s utility function by 2 would reduce the estimated value of 7, to half of its value. Therefore, any inverse relationship is acceptable.
We only care about 7’s influence on the observables, which the estimation correctly captures.
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Fig. 2. Board objective function and innovation decision. Notes: This figure displays the board objective function and the CEO’s innovation decision as a
function of options o.
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Fig. 3. Corporate governance, CEO compensation structure, and disruptive innovations. Notes: This figure displays the relationship between corporate gov-
ernance, option/income ratio, and innovation in the model and the data.

In the right panel of Fig. 2, we plot the innovation level chosen by the CEO as a function of options o in the contract
with the blue curve. In this particular example, the contract-implied innovation level (denoted by the red star) is lower than
the shareholder-optimal innovation level, which is the one the firm would have chosen under the no agency frictions case
(the dashed red line). Therefore, Ai* < 0 captures the under-investment in innovation. Alternatively, one could also think of
a scenario where the CEO chose to over-invest in innovation compared to the shareholder-optimal innovation level. The blue
dot denotes such an example, where Ai** > 0 captures the over-investment in innovation.

The green dashed line in the right panel depicts the optimal innovation that would be chosen by the social planner.
Since the social planner also internalizes the positive externalities resulting from knowledge spillovers, the social planner’s
optimal innovation rate is much higher than that of the decentralized economy, which implies that there is room for policy
intervention such as R&D subsidies. For details on the calculation of the social planner’s allocation, see Section A.3 of the
Theory Appendix.’!

4.5. Key relationships: model vs. data

The left panel of Fig. 3 depicts the relationship between the option ratio and corporate governance in the model and data.
To measure corporate governance in the data, we first divide firms into 100 quantiles based on their institutional ownership
fraction. Then for each governance quantile, we calculate the average option ratio in the CEO compensation contract. We
centralize the measure by demeaning it and then dividing it by its standard deviation. Each blue dot in the figure represents
the value of the mean option ratio for a corporate governance index quantile. Similarly, the mean option ratio is calculated
for different values of CEO influence parameters in the model and is plotted as the red dashed curve. In both the model
and the data, we observe a positive correlation between firms’ corporate governance and disruptive innovation. The model
tightly matches the elasticity between corporate governance and the option ratio. In both the model and the data, contracts
adopted by firms with better corporate governance tend to have a higher fraction of stock options.

The right panel of Fig. 3 depicts the relationship between innovation and corporate governance in both the model and the
data. For firms in each governance quantile in the data, we calculate their average tail innovation. We centralize the measure

31 Note that even a uniformly diversified shareholder would not internalize all of the spillovers to the rest of the economy since shareholders aim to

maximize firm value (i.e., the profits) rather than aggregate output (which also includes labor and capital income).
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Table 2
Counterfactual experiment I: the impact of reduced agency frictions.
Baseline Reduced CEO Reduced CEO Reduced CEO
Influence (25%) Influence (50%) Influence (100%)
Output growth rate 2.00% 2.10% 2.21% 2.51%
R&D intensity 2.77% 3.07% 3.46% 4.70%
Mean option ratio 36.10% 39.69% 43.96% 54.13%
Mean innovation probability 26.21% 27.49% 29.06% 33.17%
Consumption/output 0.79 0.79 0.78 0.77
Welfare change - 1.5% 3.3% 7.3%

Notes: This table displays the effects of reducing the CEO influence parameter 7.

of innovation by demeaning it and then dividing it by its standard deviation. Each blue dot in the figure represents the value
of the mean option ratio for a corporate governance index quantile. Similarly, the mean innovation ratio is calculated for
different values of CEO influence parameters in the model and is plotted as the red dashed curve. In both the model and
the data, we observe a positive correlation between firms’ corporate governance and disruptive innovation. The model also
tightly matches the elasticity between corporate governance and firm innovation. In both the model and the data, firms
with better corporate governance tend to come up with more disruptive innovations.

4.6. Welfare analysis

To calculate welfare, we need to compute the consumption stream of the representative household. Two components are
required for this: the growth rate of consumption G, — 1 and the initial consumption level Co.%? In a balanced growth path
equilibrium, social welfare is given by

o0 1-w 1-w
G Co

w=) g = (24)
; -0 (1-w0)1-6°)

Welfare comparisons between different economies are conducted by comparing the balanced growth path equilibria.>?
To make two different economies A and B comparable, both economies are started at the same average productivity level
A

Zy = Zg =1. Let x > 0 be the scalar such that multiplying the representative consumer’s consumption in economy A by x

results in a welfare number equivalent to the one in economy B. Simple algebra reveals that x is given by

x=(WB/wh /- (25)

where W# and W8 denote the welfare in economies A and B respectively. The welfare gain or loss of a move from economy
A to economy B provides in consumption-equivalent terms is given by x — 1. This welfare measure is used in all quantitative
exercises.

4.7. The impact of reduced agency frictions

To quantify the economic significance of the agency frictions between the CEO and the shareholders, we undertake a
counterfactual experiment where the impact of agency frictions is successively reduced. This is accomplished by reducing
the CEO influence n by the same ratio in all firms in the economy. This is equivalent to increasing the quality of corporate
governance in all firms.

The results of this counterfactual experiment are summarized in Table 2. Table 2 presents the impact of reduced agency
frictions on the output growth rate, R&D intensity, mean option ratio, mean innovation probability, consumption/output
ratio, and implied consumption-equivalent social welfare change. The first column reports the results from the baseline
model. The second column reports the results of a counterfactual economy with the upper bound of CEO influence 7, set
to 75% of its baseline value, keeping the value of the other parameters the same as in the baseline model. The third column
reports the results of the model with the upper bound of CEO influence 7,, set to 50% of its value. The last column shuts
down frictions completely by setting n =0 for all firms.

The reduction in CEO influence n results in CEO contracts that are richer in options being adopted by the boards of
firms in the economy. The mean option ratio increases from its baseline value of 36.10% to 39.69% in column 2, 43.96%
in column 3, and 54.13% in column 4. These highly incentivized contracts encourage the CEOs to increase the innovation

32 See Section A.7 for the derivation of the initial consumption level C.

33 Hence, this analysis ignores the welfare effects of the transition to the new steady state. However, the bias is downwards, not upwards: In experiments
where the growth rate is increased, the steady-state capital stock is lower than the baseline economy. For instance, when we shut agency frictions down,
the steady-state capital stock falls from 2.85 to 2.53. This means taking the transition into account would further magnify, not diminish, the positive effect
on social welfare, since there would be further gains from consuming the excess capital stock.

29



M.A. Celik and X. Tian Review of Economic Dynamics 51 (2023) 16-38

success probability they pick, increasing the mean innovation probability in the economy from 26.21% to 27.49% in column
2, 29.06% in column 3, and 33.17% in the last column. As the CEOs choose higher rates of innovation, more resources are
allocated to R&D, increasing the overall R&D intensity in the economy from 2.77% to 3.07% in column 2, 3.46% in column 3,
and 4.70% in column 4. The increased spending on R&D reduces the fraction of the output consumed by the representative
household, slightly reducing it from 79% to 78% in column 3, and 77% in column 4.

If there were no impact on the rate of economic growth, the drop in consumption would reduce welfare. However,
increased innovation results in significant gains in economic growth. The output growth rate increases from its baseline
value of 2.00% to 2.10% in column 2, 2.21% in column 3, and 2.51% when the frictions are completely shut down. The
positive impact of increased economic growth dominates the negative impact of reduced consumption. The consumption
equivalent welfare gain of the representative household is 1.5% in column 2, and 3.3% in column 3. Shutting down all
agency frictions lets boards choose a contract that implements the shareholder optimal innovation rate, which results in a
quite sizable welfare gain at 7.3%.34

We should highlight that whether one uses a partial equilibrium or general equilibrium model to assess the impact of
agency frictions leads to significant differences. If we had used a partial equilibrium framework (i.e. ignored the general
equilibrium impact on the real wage rate, the interest rate, and the knowledge spillovers between firms), the estimated
impact of removing CEO influence would be much larger. In such an experiment, firms would ignore the effects of their
peers on the knowledge spillovers and prices, and the mean innovation probability would be 39%, and the calculated welfare
impact would be much larger at 13.7%. The general equilibrium framework dampens the reaction of the firms to the change.
As the overall increase in innovation speeds up aggregate productivity growth, firms forecast that their competitors will also
become more productive, and will compete more fiercely in the labor market, which drives up the wage. Any relative
productivity advantage they obtain will revert back to the mean at a faster pace, reducing its contribution to firm value,
and lowering the incentives to innovate. Coupled with the increase in the real interest rate that increases the cost of capital
and firms’ discount rate, taking the general equilibrium forces into account significantly reduces the welfare impact from
13.7% to 7.3%. This shows the importance of studying the agency conflict between managers and shareholders in a general
equilibrium framework if one wishes to quantify its impact on firm innovation, aggregate productivity growth, and welfare.

Also note that the significant welfare results depend in part on our assumption that firm innovation is the only source
of aggregate productivity growth. In Online Appendix A.12, we relax this assumption where 50% of the observed produc-
tivity growth is exogenous. Consequently, the welfare gain of shutting down agency frictions is further reduced to 3.5%.3°
Therefore, our baseline welfare numbers should be considered as an upper bound.

Our baseline results suggest that agency frictions between the managers and shareholders do not only reduce firm
innovation, but also are quite significant for the long-run economic growth rate and social welfare. How can the negative
effects be alleviated? First, we can think of understanding why some firms have better corporate governance. In Online
Appendix A.10, we develop a microfoundation where better-informed investors can help reduce CEO influence. This is
by no means the only potential explanation. Preliminary analysis suggests that different types of institutional owners are
heterogeneous in their effectiveness in promoting innovation. Further investigations in this direction have the potential to
elicit best practices to reduce CEO influence.

Second, given the importance of managerial compensation structure through which corporate governance affects firm
innovation, it is possible to think of policies that change the optimal contract chosen in the presence of agency frictions. In
practice, these policies can be more cost-efficient than trying to improve corporate governance. In the following subsections,
we first investigate the effects of a policy that was issued in December 2004 and analyze its effects, and then consider
preferential taxation of stock options.

4.8. The impact of FAS 123R

In December 2004, the Financial Accounting Standards Board (FASB) changed reporting requirements with the issuance
of FAS 123R, making option compensation relatively less attractive.>® Prior to this change in accounting standards, firms
were not required to expense equity compensation to their employees in their financial statements. After issuance of FAS
123R, firms were required to expense stock options offered to their employees at their fair value, reducing the reported
profitability of firms that relied heavily on equity compensation compared to those that did not. US public firms reacted
to this change in accounting standards by substantially lowering the stock options they offer to their CEOs, from 35.86% of
total compensation in 2003 to 31.06% in 2005, an overall reduction of 13.4% in the frame of two years.

How did issuance of FAS 123R affect long-run economic growth and social welfare? To answer this question, in the spirit
of Glover and Levine (2017), we model the change in the accounting standards as an increase in the cost of paying a CEO
in stock options. A wedge t, € [0, 1] is introduced between what the company pays as option grants to the CEO, and what
the CEO receives. The equations for the shareholders remain unchanged, whereas CEO compensation takes the form:

Ct =5¢Zt + (1 — ©o)og max {0, V(z, ©) — (1 4+11)S(zt—1, ©r_1)} (26)

34 To put this number into context, this welfare gain is equivalent to subsidizing R&D by 49%.
35 This time, the welfare gain is equivalent to subsidizing R&D by 37%.
36 See Financial Accounting Standard Board FAS 123 (Revised 2004) (http://www.fasb.org/pdf/fas123r.pdf) for details.
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Table 3
Counterfactual experiment II: the impact of FAS 123R.
Before FAS 123R After FAS 123R
Growth rate 2.00% 1.95%
R&D intensity 2.77% 2.63%
Mean option ratio 36.10% 31.05%
Mean innovation probability 26.21% 25.53%
Consumption/output 0.79 0.79
Welfare change (the difference is removed from the economy) - -0.84%
Welfare change (the difference is transmitted to the consumer) - -0.71%

Notes: This table displays the effects of the issuance of FAS 123R.

Section A.8 of the Theory Appendix details how the closed-form solutions change as a result of introducing this wedge.
We can assume the resource difference that is generated by the wedge is removed from the economy or transmitted to
the consumer. We calculate the welfare under both assumptions. To simulate the effect of the issuance of FAS 123R, we
calculate the value of 7, which reduces the mean option ratio in the economy by 13.4% of its value to mimic the change
observed in the data. Other parameters remain unchanged.

Table 3 presents the impact of FAS 123R on the output growth rate, R&D intensity, mean option ratio, mean innovation
probability, consumption/output ratio, and implied consumption-equivalent social welfare change through the lens of our
model under the two assumptions. The first column reports the model moments in the baseline estimation. The second
column reports the results from a simulated economy, where the wedge 7, = 0.275 causes a drop in the mean option ratio
from 36.1% to 31.1%.

The output growth rate of the economy falls after the issuance of FAS 123R, dropping from 2.00% to 1.95%. This is
because the mean innovation probability in the economy drops from 26.2% to 25.5%.>” The ratio of R&D expenditures to
output decreases from 2.77% to 2.63%, but the consumption gains are virtually nonexistent at 0.1%. The negative welfare
effect of decreased output growth rate dominates the positive effect of increased consumption, which results in a 0.84%
drop in social welfare in consumption equivalent terms if the difference is removed from the economy, and 0.71% otherwise.
The welfare impact is quite substantial for a simple change in accounting standards. While we acknowledge that our model
abstracts away from potential gains from more transparent financial reporting as a result of FAS 123R, we find that these
unmodeled gains must be quite significant to overcome the negative effects on innovation and long-run economic growth.

Beyond the implications for the aggregate economy, the reform has heterogeneous implications for firms that differ in
their quality of corporate governance. The left panel of Fig. 4 presents the innovation rate chosen by firms before and after
the reform according to their corporate governance percentile, ranging from the firms with highest CEO influence n = ny
to firms with perfect corporate governance n = 0. In the right panel of Fig. 4, the dashed line depicts the percentage change
in innovation due to the reform, whereas the straight line depicts the average decrease in innovation for all firms. One can
see that firms with worse corporate governance decrease their innovation more than the economy average. At the same
time, most firms with better corporate governance experience a limited reduction. In fact, the top 10% of firms actually
increase their rate of innovation, picking up the slack generated by other firms thanks to the general equilibrium effect
of the growth rate. Overall, the issuance of FAS 123R makes innovation more concentrated in firms with better corporate
governance. Since R&D costs are convex in the innovation probability i, this results in more resources being spent on R&D
to generate the same success probability, which is one reason behind the lackluster gain in the level of consumption. Hence
the growth effect dominates the level effect, leading to a sizable drop in social welfare.

4.9. Taxation of stock options

Thus far, we have established that the composition of manager compensation plays a crucial role in firm innovation. One
natural policy experiment to consider is differential taxation of salary versus stock options. In the US there are two different
types of stock options in terms of how they are taxed: incentive stock options (ISOs) and non-qualified stock options (NQs).
Income from ISOs is treated as capital income, whereas income from NQs is considered personal income. Since capital
income taxes are lower than personal income taxes at income levels faced by the average CEO, ISOs have the potential to
be more lucrative for the managers. However, ISOs are quite rare compared to NQs, which is primarily due to an annual cap
of $100,000 on the value of the stock at the grant date.

Given the rarity of ISOs, we treat all stock options as NQs in the baseline specification. Therefore both salary and options
are taxed as personal income at the top marginal rate of 37%. The collected tax revenues are remitted to the representative
consumer. In our first experiment, we treat all stock options as ISOs, which means they are taxed at the top marginal capital
income tax rate of 20%. In our second experiment, we go further and make all stock options tax free. The results of the two
experiments are presented in Table 4. Treating all stock options as ISOs instead of NQs encourages the firms to rely more
on stock options, increasing the mean option ratio from 36.11% to 40.02%. Consequently, the output growth rate increases

37 This decline in innovation is consistent with the empirical findings in Mao and Zhang (2018) who note that both the quantity and the quality of

innovation have fallen in response to the issuance of FAS123R.
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Fig. 4. The impact of FAS 123R: innovation policy decomposition. Notes: This figure displays how innovation changes as a function of corporate governance
in absolute terms and in percentages in response to the issuance of FAS 123R.

Table 4
Counterfactual experiment IIl: changes in the taxation of stock options.
Baseline Tax Reduced Taxes No Taxes
(37%) (20%) (0%)
Output growth rate 2.00% 2.03% 2.06%
R&D intensity 2.77% 2.87% 2.94%
Mean option ratio 36.11% 40.02% 43.74%
Mean innovation probability 26.21% 26.65% 27.00%
Consumption/output 0.79 0.79 0.79
Welfare change - 0.40% 0.68%

Notes: This table displays the effects of changing the taxation of stock options.

by 0.03 percentage points, leading to a consumption equivalent welfare gain of 0.40%. Removing all taxes from stock options
results in increasing the output growth rate by 0.06 percentage points, with a higher welfare gain at 0.68%.

The results suggest that reducing the tax rate on stock options can deliver respectable increases in innovation, eco-
nomic growth, and welfare. However, given the welfare impact of removing CEO influence (7.3%) and the issuance of FAS
123R (-0.84%) presented earlier, these gains seem rather underwhelming. Our model suggests that taxing stock options at
lower rates can help increase innovation and welfare. However, quantitatively, this can only alleviate a small fraction of the
inefficiency caused by agency frictions between the managers and the shareholders.

4.10. Estimation with early and late subsamples

In our baseline estimation, we use the data from between 1991 and 2004 as a whole. However, there have been several
important changes throughout this period such as a significant increase in the share of stock options in manager compensa-
tion, and a slowdown in firm growth for US public firms coupled with an increase in R&D intensity. These call into question
how the intensity of agency frictions between the shareholders and the managers changes throughout the time period.

To answer this question, we split our data into early (1991-1997) and late (1998-2004) subsamples, and re-estimate the
model. The details of the estimation exercise are shown in Table C2. All data moments that are derived from micro-data
are obtained by using data from the subsamples only. For the aggregate growth rate, we pick 2.54% for the early subsample
and 1.54% for the late subsample, both of which are obtained by modifying the 2.00% target proportionally according to the
relative average firm growth in the two subsamples.

Inspecting the parameter estimates, one can see that the productivity increase from each successful innovation y goes
down over time, while the scale parameter of R&D cost x increases. This is in line with the productivity slowdown observed
in the early 2000s. At the same time, the ratio of CEO compensation to market capitalization increases, which pushes the
expected present discounted value of CEO compensation U higher. Interestingly, the distribution of CEO influence does not
change significantly between the two time periods.

We use the estimated models to repeat the CEO influence shutdown experiment so that we can measure the severity of
the agency frictions in the two subsamples. The results are presented in Table 5. The output growth rate increase is 21.4%
of the baseline value for the early period, and 24.0% for the late period. Despite the slightly higher growth rate increase
in the late period, the consumption-equivalent welfare change is higher for the early period at 6.94% compared to 5.94%
for the late period. This is because the gains from reducing agency frictions are potentially larger when innovation is more
productive (higher y and lower y). The results suggest that the agency frictions are more severe in the early period, but
the difference is not very sizable. The increase in stock options over time seems to have alleviated the problem to an extent,
but the equilibrium is still quite distant to the first-best.
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Table 5
Counterfactual experiment IV: reduced agency frictions in early and late subsamples.
Early Subsample Late Subsample
Baseline n=0 Baseline n=0
Output growth rate 2.53% 3.07% 1.54% 191%
R&D intensity 3.04% 4.69% 2.87% 4.65%
Mean option ratio 31.39% 47.33% 40.29% 56.61%
Mean innovation probability 29.70% 36.40% 23.44% 29.24%
Consumption/output 0.79 0.78 0.78 0.77
Welfare change - 6.94% - 5.94%

Notes: This table displays the effects of shutting down CEO influence in the early and late subsample estimations.
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Fig. 5. The bunching of firm profit forecast error above zero. Notes: Forecast errors are realized firm profits minus median analyst profit forecast from a
2-quarter horizon, scaled by firm assets and expressed as a percentage. The histogram represents a panel of 26,129 firm years, covering 1990-2004 for
5,454 firms. 68.2% of the sample lies within the bounds plotted above. Bin size is 0.01% of firm assets. Discontinuity or sorting is detected in the forecast
error distribution at 0 at the 1% level according to the McCrary (2008) statistic.

5. Model extension: the impact of short-termism

The composition of managerial compensation plays a considerable role in a firm’s innovation outcomes. However, there
can be other channels that influence a manager’s innovation decision. One such channel is the short-term pressure exerted
on CEOs to deliver high earnings in the short-run. As Terry (2017) documents, managers of US public firms try to hit
the earnings per share (EPS) targets forecast by stock analysts, because failing to do so can lead to a reduction in total
compensation. To increase earnings in the short-run, a manager can reduce R&D spending. This helps meet the target at the
cost of reducing innovation, which decreases the firm’s long-run profitability. Therefore, short-term pressure can deepen the
agency frictions between the manager and the shareholders regarding innovation.

Using analyst forecast data from the Institutional Broker’s Estimate System (I/B/E/S), we extend the empirical analysis in
Terry (2017) by focusing on our sample of firms and investigate the interaction between short-termism and institutional
ownership. Fig. 5 shows that the forecast error - the difference between the median EPS prediction of the analysts and
its realization - exhibits a considerable amount of bunching right above zero, consistent with our reasoning. In Table 6, a
local linear regression reveals that just falling short of the target results in a 9.21% decrease in total CEO compensation,
which is comparable to the 6.78% found in Terry (2017).2% We further split the firms into two subsamples based on their
institutional ownership fraction. Column 2 shows no statistically significant decrease in CEO compensation for firms with
lower institutional ownership. Column 3, on the other hand, exhibits a statistically significant effect at 8.63% for the firms
with a high fraction of institutional ownership. Since firms with higher institutional ownership are also more innovative,
short-termism might be a greater issue for exactly those firms that are crucial for aggregate productivity growth.

38 We should stress that the results in this table do not present any treatment effect, nor is it possible to claim causality. The local linear regression is
used as a detection device. The firms endogenously sort themselves to the region slightly above zero, which is consistent with firm behavior in our model
with short-term pressure. We rely on our structural model to infer the growth and welfare implications.
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Table 6
Local discontinuities at the zero forecast error threshold.
Sample Full Sample Low Inst. Ownership High Inst. Ownership
Observations 55,013 32,621 22,392
Dependent Variable CEO Total Income CEO Total Income CEO Total Income
Running Variable Forecast Error Forecast Error Forecast Error
Cut Point 0 0 0
Discontinuity 0.0921*** -0.0690 0.0863**
(0.0330) (0.0856) (0.0347)

Notes: The regression discontinuity estimation relies on local linear regressions and a uniform kernel, with bandwidth chosen via the optimal Imbens and
Kalyanaraman (2012) approach. Robust asymptotic standard errors reported in parentheses are clustered at the firm level. The second and third column
show the regression discontinuity estimates for subsamples of firms with low institutional ownership and high institutional ownership, respectively. The
full sample is divided into two subsamples based on the institutional ownership threshold obtained using the threshold estimation method in the spirit of
Cecchetti et al. (2011). We run a local linear regression where the indicator variable for non-negative forecast error is also interacted with another indicator
for belonging to the high institutional ownership group. We run this regression for all possible cut-off values of high institutional ownership, and pick the
one that delivers the highest fit as measured by adjusted R2. *** p<0.01, ** p<0.05, * p<0.1.

5.1. Extended model with short-termism

These empirical findings motivate us to extend our baseline model to include short-term pressure. Our aim in doing so is
to discover its interaction with our main mechanism of compensation composition, and to assess its quantitative importance.

To introduce short-termism into the model, we enrich the production technology with temporary productivity shocks. In
the model, the reason behind CEO short-termism is the pressure by investors for the firm to provide period dividends Dy
above a certain threshold Dy. This target is more difficult to hit when a low productivity shock is realized. If the CEO fails to
meet the dividend target, he or she experiences a punishment that will be calibrated to match the fraction of compensation
lost seen in Table 6.

The production technology is updated as

ye = ez ) kK1Y (27)

where €; is an i.i.d. temporary productivity shock with E[e€] = 1. We assume that the productivity shock is observed
before the labor, physical capital, and innovation decisions are made. Repeating the derivation of static profits in a stationary
equilibrium, we obtain:

etz

/G4 ) (28)

M(zt, €, 20) =7
Since E[et] =1, the expected profit before the realization of the temporary productivity shock is the same as before. The
updated preferences of the CEO are represented by:

0 1-w
UEH=E|Y 8 (1 — (vio +16) 2™ (29)
1-w
t=0
where ]Tt is an indicator which takes the value one if I1(z, €, Zr) — C(it, Zt) — StZr < D¢ (i, z¢, Ze, S¢) and zero otherwise.
D(, z, 7z, st) stands for the dividend target below which the investors punish the CEO, and £ is the parameter that deter-
mines the severity of the punishment. The dividend target is linearly increasing in the expected profits of the firm 7z, with
the factor A > 0 that captures how stringent the dividend target is.>° A higher A will translate into a larger fraction of firms
reducing innovation in equilibrium, in a larger amount. The remaining details of the model are discussed in Appendix A.9.

Fig. 6 shows how short-term pressure affects the CEO’s innovation decision. In the left panel the dashed curve depicts the
CEQ'’s utility under a positive productivity shock, and the non-dashed curve shows the same under a negative productivity
shock. When the productivity shock is high, so are period profits. Since the firm can still hit the dividend target under what
the CEO would have chosen without the short-term pressure, the innovation decision represented by the blue marker is
unaffected. However, when the productivity shock is sufficiently low, choosing the same amount would result in punishment.
Therefore, the CEO chooses to cut down the R&D spending such that the firm exactly hits the EPS target, reducing firm
innovation. On the other hand, this constraint does not need to bind for all firms. The right panel depicts such a situation,
where the CEO is not punished for choosing the interior solution regardless of the productivity shock realization.

Due to the positive relationship between institutional ownership and innovation in our model, firms with more institu-
tional owners choose a higher innovation rate i. Since productivity shocks are identically distributed for all firms, exactly
these firms end up having a sufficiently high innovation rate to be affected by the short-termism constraint. Consequently,
this prediction of our model matches the data patterns observed in Table 6.

39 Terry et al. (2022) propose that the CEOs can also manipulate information disclosure and report higher short-term profits. Introduction of a similar
mechanism into our setting would reduce short-term pressure which would be captured by a lower value for the parameter A.
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Fig. 6. The impact of short-termism on CEQ’s innovation decision. Notes: This figure illustrates how short-termism can affect a CEO’s innovation decision.

Table 7
Counterfactual experiment V: the impact of reduced agency frictions in the short-termism model.
Baseline Reduced CEO Reduced CEO Reduced CEO
Influence (25%) Influence (50%) Influence (100%)
Output growth rate 2.00% 2.08% 2.15% 2.39%
R&D intensity 2.76% 2.97% 3.21% 4.19%
Mean option ratio 35.48% 38.48% 41.83% 54.94%
Mean innovation probability 19.91% 20.66% 21.46% 23.97%
Consumption/output 0.79 0.79 0.79 0.78
Welfare change - 1.2% 2.4% 5.8%

Notes: This table displays the effects of reducing the CEO influence parameter 7 in the short-termism model.

5.2. Quantitative results with short-termism

We re-estimate the extended model with short-termism to conduct quantitative experiments. Table C.1 summarizes the
results of this exercise. The new parameters are the standard deviation of the productivity shock o, the cost of missing the
EPS target &, and the stringency of the dividend target A. We calibrate o, externally by matching the standard deviation
of profitability.*® & is estimated by matching the compensation loss from missing the EPS target in the model with that in
the data obtained from column 3 of Table 6. To discipline A, we target the share of firms in the sample that are affected
by short-termism. Firms with an institutional ownership share higher than 43% are affected, which constitute 40.7% of the
firms in our data.*! After estimation, the top 40% of firms in terms of institutional ownership are affected by short-termism
through binding EPS constraints, which tightly matches the data.

The first question we are interested in is whether taking short-termism into consideration influences the quantitative
results of reducing agency frictions that we discussed in Section 4.7. We repeat the same exercise using the extended
model. Table 7 presents the findings. Inclusion of the short-termism margin slightly dampens the gains from reducing CEO
influence. The increase in the output growth rate falls from 0.51% to 0.39%, resulting in a smaller welfare gain of 5.8% as
opposed to 7.3%. The reasoning behind this change is simple: Short-termism has a negative effect only when innovation is
sufficiently high, as shown in Fig. 6. Lowering agency frictions allows firms that were previously less innovative to increase
their innovation, which in turn subjects them to the short-termism problem. When agency frictions are completely removed,
the fraction of firms affected increases from 40% to the whole economy. The welfare gains from reducing agency frictions
are still substantial, which we interpret as our results’ robustness to inclusion of the short-termism mechanism.

A second reasonable question to ask is which of the two frictions we consider matters more for economic growth and
welfare. To answer this question, we successively reduce A to 80% of its value in the second column of Table 8, and reduce
it to zero in the last column. As a result, the fraction of firms that are affected falls from 40% to 15% and 0% respectively.
Removing short-termism increases the output growth rate by 0.11% and the consumption equivalent welfare gain is 1.5%.4?
The gains are quite significant, and the magnitudes for both are approximately one quarter of those we obtained by shutting

40 profitability is defined as operating income before depreciation divided by total assets; winsorized above and below at 5%.
41 In Table 6, we use the following methodology to split the firms into the high and low institutional ownership subsamples: We run a local linear
regression where the indicator variable for non-negative forecast error is also interacted with another indicator for belonging to the high institutional

ownership group. We run this regression for all possible cutoff values of high institutional ownership, and pick the one that delivers the highest fit as
measured by adjusted R?, which is 43%.

42 The growth gain of 0.11% we calculate is quite similar to the 0.10% found in Terry (2017).
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Table 8
Counterfactual experiment VI: the impact of reduced short-termism.
Baseline Reduced Reduced
Short-Termism (20%) Short-Termism (100%)
Output growth rate 2.00% 2.08% 211%
R&D intensity 2.76% 3.08% 3.20%
Mean option ratio 35.48% 36.78% 36.94%
Mean innovation probability 19.91% 20.74% 20.96%
Consumption/output 0.79 0.79 0.79
Welfare change - 1.2% 1.5%
Notes: This table displays the effects of reducing short-termism.
Table 9
Counterfactual experiment VII: the impact of reduced agency frictions in the short-termism model with lower A.
Baseline Reduced CEO Reduced CEO Reduced CEO
Influence (25%) Influence (50%) Influence (100%)
Output growth rate 2.08% 217% 2.28% 2.57%
R&D intensity 3.08% 3.34% 3.68% 4.82%
Mean option ratio 36.78% 40.07% 44.07% 54.06%
Mean innovation probability 20.74% 21.65% 22.77% 25.81%
Consumption/output 0.79 0.78 0.78 0.77
Welfare change - 1.4% 3.0% 6.9%

Notes: This table displays the effects of reducing the CEO influence parameter 7 in the short-termism model with lower A.

down CEO influence. We conclude that short-termism is also detrimental to growth and welfare, although the quantitative
impact is smaller compared to the managerial compensation channel as captured by our model.

Finally, we are also interested in whether the two channels interact; that is, whether there are any amplification effects
from reducing both frictions at the same time. This is found to be true. Table 9 presents the results of an experiment
where we first reduce A to 80% of its value, and then repeat the exercise of reducing CEO influence. The growth gain from
removing CEO influence increases from 0.39% to 0.49%, and the welfare gain increases from 5.8% to 6.9%. The amplification
is quite sizable, which means a reform that can alleviate both problems simultaneously would yield amplified benefits.

6. Conclusion

We examine the impact of agency frictions between managers and shareholders on the managerial compensation struc-
ture, firm innovation, and the consequent aggregate implications on economic growth and social welfare. Firms with better
corporate governance tend to adopt executive compensation contracts with a high fraction of stock options, which incen-
tivizes managers to engage in innovative activities, and thereby improve firm value and boost economic growth. First, we
develop a tractable quantitative framework to shed light on the key mechanisms that underlie these facts, and assess their
quantitative significance. We contribute to the literature by being the first to build a dynamic general equilibrium model
with endogenous CEO compensation and economic growth to study the joint dynamics of agency frictions, CEO compensa-
tion, and firm innovation. In the model, the CEO can influence the board’s decision such that the final compensation contract
deviates from the shareholder-optimal contract that would maximize firm value. Better corporate governance reduces the
CEO’s influence, thereby enabling the board to choose contracts that have a higher fraction of stock options, which moti-
vates the manager to allocate more resources to innovation. The model predictions are consistent with the stylized facts we
document regarding the correlation patterns of corporate governance, managerial compensation, and disruptive innovations.

Next, we estimate the model using comprehensive micro-data to discipline the sensitivity of the innovation decision to
the CEO compensation structure and corporate governance. We find that the impact of agency frictions on disruptive inno-
vation and output growth is quite sizable. Shutting down CEO influence can increase the average innovation rate by 26.6%
of its value, increase output growth by 0.51 percentage points, and improve consumption-equivalent welfare by around
7.3%. Another experiment that attempts to quantify the impact of FAS 123R issued by FASB in December 2004, a change in
accounting standards which reduced the incentives to pay CEOs using stock options, suggests that it might have reduced
long-run economic growth slightly by 2.5% of its value, while concentrating R&D spending in firms with better corporate
governance, which results in a 0.84% drop in social welfare, a quite sizable drop for a simple change in accounting stan-
dards. Extending the analysis by introducing short-term earnings pressure on the manager slightly dampens the quantitative
results. Shutting down short-termism by itself generates around one quarter of the effects of removing CEO influence. There
are amplified gains from reducing both frictions simultaneously.

We show that the general equilibrium property of our framework matters for the precise assessment of the counter-
factual implications of how agency frictions affect innovation, productivity growth, and welfare. Ignoring the endogenous
responses of the wages, the interest rate, and the knowledge spillovers across firms would significantly exaggerate how
firms would change their innovation policies. In particular, we demonstrate that ignoring the general equilibrium effects
would increase the welfare impact of shutting down agency frictions from 7.3% to 13.7%, highlighting the importance of

36



M.A. Celik and X. Tian Review of Economic Dynamics 51 (2023) 16-38

using a general equilibrium framework to quantify the impact of agency frictions. Our model’s ability to tractably cast an
agency problem with endogenous compensation structure in a dynamic general equilibrium model with endogenous growth
helps in this respect.

The quantitative findings suggest significant room for policy intervention to bring the economy closer to the efficient
allocation through the alleviation of agency frictions. While no magic recipe exists for improving corporate governance,
understanding how and why institutional investors pick the firms they do might be valuable as a future research avenue.
Another option is changing how various components of CEO compensation are taxed by the government, which can provide
more incentives for firms to increase the state-contingent parts of CEO compensation. Furthermore, the social planner’s
optimal rate of innovation is much higher than that of the decentralized economy, which implies that there is room for
subsidizing innovation. Reducing R&D costs, through an R&D tax credit or other subsidies, may improve the innovation level
and output growth. In particular, our paper implies that the optimal subsidy rates depend on the severity of agency frictions.

Despite the complex setting with rich dynamics, our model remains highly tractable and computationally feasible, where
most of the relevant quantities admit closed-form solutions. Thus we can largely avoid the problem of a “black box” model
with many indistinguishable moving internal parts. This facilitates a better understanding of the key mechanisms at play. We
intentionally keep the model as parsimonious as possible for tractability and clarity of the theoretical results. However, the
key mechanism of the model is likely to carry over to an alternative model with additional features. It would be interesting
to see how the main mechanism interacts with other channels, as we did for the case of short-term earnings pressure on the
manager. Another important direction for future research is to study the optimal managerial compensation contract while
also considering the synergy between the manager and the inventors - the economic agents who operate under the CEO to
come up with the disruptive innovations. We expect future studies along these lines to be both promising and fruitful.

Data availability

The data and computer code can be found online at https://ideas.repec.org/c/red/ccodes/22-118.html.
Appendix A. Supplementary material

Supplementary material related to this article can be found online at https://doi.org/10.1016/j.red.2022.11.004.
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A Theory Appendix

A.1 Proofs

Proof of Theorem 2. We use the guess-and-verify method. Start with the derivation of the value
function of the firm given a time-invariant innovation decision i. The value function of the firm can

be written recursively as:
. =\ =\ . o i . R 1 _i . _/
V(i,z,z) =11(z,z) — C(i,Z2) —|——1+rV(z,z—i—'yz,z)—i——lJrrV(z,z,z) (30)

For clarity, define G, = (1 + g.)*/(**% and G =(1+ g.)%/(*+%)_ Plugging in the guesses for the
value function and static profits, we get:

A Ne s AN i v, vy, N
vZ+um(i)zZ = n2—-Ci)zZ+ Ty [GAZ + G, Z+ Uz(l)ng:l
1—1 01 .
—2 Z 1
s {GAZ—sz(z)ng} (31)
U12—|—Uz(i)f — |:7T—|— Z)]] 24 |:—é(l) + ivl’Y Uz(i)G§:| 5 (32)
(1+7)Gy (1+7)Gy 1+
Hence:
1 -1
= (11— +—== 33
n = (i) .
. G\ ! iy AL
n(i) = <1_ 1—1—1’) ((1+r)GA —C(z)> B4
Note that the shareholder-optimal innovation rate must maximize v, (i), and the maximized value

f in Theorem 1, whereas v; = v;’f . Next, we turn to the CEO’s decision problem.

corresponds to v,
Before writing the problem explicitly, we show that the value of an option can be greatly simplified.
Consider the non-zero term V(z,®) — S(z_1,©_1). Let I_; be the indicator function for whether
the previous period’s innovation succeeded or failed. Consequently, we have z = z_1 +1_1yZ_;.

Plugging in the definitions and the guess for the firm’s value function, we get:

V(z,®) = (1+7)S(z-1,0_1) (35)
= V(Z, @) — (1 + 1") (V(Z_1,®_1) — [H(Z_1,®_1) — C(i_l,Z_l)]) (36)
= V(z,0)—(1+7) <1Z_+1YV(Z_1 +92.1,0) + 11__:;1 V(z_q, @)> 37)
= %2,1 + 1 101921+ Uz(i)z — <2121 +i101YZ 1+ Uz(i)f) (38)

A A
.01 .

= [M_q—iq]—=2 (39)
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Note that this term is greater than zero if and only if [_; = 1, i.e. if the innovation effort in the
previous period succeeded. Hence, an option will deliver a non-zero return if and only if last period’s
innovation was successful. Define x = max{0,1_; —i_1}. The lifetime utility of the CEO can be

o + O max{0, T,y —ip_1})1
Zﬁti}_“’ ((s e max{0,I; 1 —i;_1}) —v(it)>] 40)

= 1—w

written as:

Uue,i)=E

Determination of i completely pins down the values of ¢ In turn, the first order condition with
respect to i; is given by:

1-w
s+m(l—it)) l—w —w
1) — geol-w ( Gt _ S L0y 001,
v'(iy) = BG; 1w T Ce (S + G (1 1t)> (41)

Note that all the terms except i; are time-independent. The unique solution to this equation pins
down i(s,0). The first term is the utility from consumption at time ¢ + 1 conditional on successful
innovation. The second term is the same for the case where innovation fails. The last term captures
the fact that increasing i; actually reduces the payout of the option conditional on success, since the
payout is linear in (1 — ;).

Next, we show that I'1(z,z) = 7t2. The static profit maximization of a firm is stated as follows:

I1(z,0) = ;{r}%{zék"lA —(r+6)k —wl} (42)

. .. . x _ AY* x _ Ky*
First order conditions imply [* = =7~ and k* = /-5, hence we have

g () (A
r—+9 w
1/¢

(ria)K (2)1 : )

and the profits are simply equal to I1(z,®) = (y*. Let Z(z) denote the distribution of firm




productivities. From the labor market clearing condition, we get

L = / I*(2)dZ(2)

N 1/g
. < ) ( >] 2dZ(z) (44)
w

(% k2 z 45)

0 - ()" i
- A #c'#c 46
w = <r—i—5> Z (46)
w = /\< +5> ; 47)

where the last line is due to the normalization of the inelastic labor supply to L = 1. The identity
shows that the wage rate grows with the gross rate G, along the balanced growth path. The Euler
equation of the representative consumer pins down the time-invariant real interest rate r along the
balanced growth path. Since the consumption of the representative household grows at the gross
rate Gg, we have

r=G¢p -1 (48)

Plugging the expressions for the wage and the interest rate into profits yields
1/¢
K K )\ A
(53) )] - @
()"
T«
- ( —1+9¢ ) - 1
iz

(52)

I(z,®) = ¢

K

1—x

where 7 = ¢ (W) is a time-invariant constant. Since y* = %ﬁ, the aggregate output Y is

calculated as
Y = / 75472 z. (53)

This verifies that the aggregate output grows at the gross rate G;. Finally, since all firms choose the

same innovation probability , the average productivity level Z grows according to the law of motion

5

=z +iyz (54)
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which implies that the growth rate is g, = ivy. O

Proof of Theorem 3. First, note that given i; = i(s, 0), the expected utility of the CEO can be written
as

E

0 1-w
Y B (fL - _v(ngw)] =
t=0

2~ ~

2 1-w —w
— Y(pGl ey {z(s,o) <S+ oy (1 —l(s,O))> L a —i(s,0))s" v(f(s,o))] 1-656)

= 1-w G¢ 1-w
N ~ l1-w »
B 1 i(s,0) 0yv1(1 —i(s,0)) (1—1i(s,0))s'@ A d-w
= g {1w <s+ G + T o v(i(s,0)) | Z,"“(57)
4
Next, the expected utility of the shareholders becomes
=] ct
E V(Zo, @0) - (58)
t;O [T (1 +r7)
= 120+ 02(i(s,0))Z0 — U (59)

The first and third terms are independent of the choice of s or o; so they can be moved out of the
maximization. Note that the real interest rate is constant in the balanced growth path equilibrium.
Then:

(o]

Ct
Z (1 + r)t

t=0

U = E

1+7 0701 » 2 ~
= 1 _
e [ isaa-ison]a @)

Hence, choosing either s or o completely determines the other. Thus, the maximization problem has
a single relevant dimension. Since the domain of o is compact, it makes sense to search over the
values of 0 € [0, 1], which maximizes the objective function. Putting all components together, the

problem can be rewritten as follows:

Fl-w i(s,0 oyvy (1 —1(s,0 e —1(s,0))st~w .
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A.2 Introducing Firm and CEO Type Heterogeneity

The determination of CEO compensation structure for firm type j is given by:

~1— . Sy 1 P
s nizy Y ij (S. N ojyjor (1 — z]-)> « N (1—ij)s;~% i)
0;€l0] 1-gGy« |[1-w " Gg l-w M
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. G: \ [ ivom A
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In essence, this is nothing but solving | similar problems side by side. The interaction between the
firm types comes through the general equilibrium effects on the real wage rate w, the productivity
distribution Z(z), and the growth rate of its mean, g.. Let y; € [0, 1] denote the fraction of firms of
type j in the economy, such that 2]121 p#j = 1. Consider the law of motion for productivity of a type j
firm:

]

2., =2, + ;2] 69)

where 1I; is the innovation indicator function which equals 1 with probability i;, and zero otherwise.
Taking the unconditional expectation of both sides delivers the law of motion for the average
productivity of all firms with type j:

Z_{;Jrl = Z]t‘ + ’)/jztij (70)



The average productivity level for all the firms in the economy is the weighted sum of average
productivity levels for particular firm types, i.e. z; = Z]]-Zl ij]t. Consequently,

J .
Za = ) HiZig (71)
=1
] 1 .
= Loui (2 + i) 72)
=1
Lo L
= Y wE+E ) ppji; (73)
=1 =1

J
= Z <1 + Z ]/l]")/ji]'> 74)

=1

Therefore, the growth rate of the average productivity level Z along a balanced growth path
equilibrium is now given by:

J
gz = Y Hiviij (75)
=1

A.3 Competitive Equilibrium and the Social Planner’s Solution with No Agency
Frictions

A.3.1 Competitive Equilibrium with No Agency Frictions

First, we calculate the optimal innovation decision 7 for a firm with no agency frictions:

aC(i,z) 1 _
> = 1 [Vae(z + 72, 0") — Vie(z,0) ] (76)
i B v‘ff'y
=i T 1+nG 77
' Ulllf,), B Z)Illf,),
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g = i (82)



Initial consumption level C is calculated as:

n km(Gy—149)

el P

—C(i)| 2 (83)

A.3.2 Social Planner’s Solution with No Agency Frictions

The social planner seeks to maximize the lifetime utility of the representative consumer subject to
the production and innovation technologies. We will assume the initial value of the physical capital
to output ratio is equal to its steady-state level, and focus on balanced growth path allocations.
Let I(n,t) denote the indicator function which equals one if innovation effort at time ¢ in firm n
succeeds, and equals zero otherwise. The history of innovation realizations up until time ¢ is given
by hy = {[L(n, T)]nefo] {1, The problem can be stated as follows:

) 1-w
{[l(n,t),k(n,t),i(ng}i)ﬁ)yl],Ct,K,H,Xf}f":O {]E tZ:(:) ‘Bth—iw },such that (84)
Y, = / 2(n, )5k(m, £)1(n, ) dn, Vt, Vi 85)
K = / k(n, t)dn, ¥t, h; (86)
L = / I(n, t)dn, ¥t, Vhy 87)
X, = / C(i(n, t))zdn, Wt iy (88)
Ct+ K1+ Xy = Y2 +K(1-90),V¢t,Vhy (89)
z(n, t+1) = z(n,t)+9zd(n,t),Vn,Vt,Vh (90)

Similar to the competitive equilibrium case, all aggregate variables will turn out to be non-stochastic,
and the expectation operator will only be relevant for the choice of i(#,t), the innovation probability
chosen at time ¢ for firm #», as the realization of a successful innovation is stochastic at this level.

The Lagrangian is written as follows:

00 l1-w
L = E [ ) [ﬁt G + py (/z(n,t)gk(n,t)"l(n,t))‘dn + K — 5/k(n,t)dn —Ct— Kiy1 — Xt)

= l1-w
+;41<,t0<Kt — /k(n,t)dn) + ULt (Lt - /l(n,t)dn,Vt,Vht> T Xt (Xt B /C(i(n,t))ftdn> ”

We start with solving the static problem of choosing physical capital and labour to be used by each

firm n. The first order conditions with respect to k(n, t) and I(n, t) are:

oL N i ¢ K A - o

ok(n,t) k(n,t)z(”’t) k(n, t)"1(n,t) Ukt — My 0 = 0,Vn, Vit (91)
oL = P ph g I3 A .

al(f’l, t) - l(}’l, t)Z<7’l/ t) k(n; t) l(n, t) ULt = OIVn’Vt (92)



Therefore we have:

K A
St Ay(n, t
y(n,t) = z5 <};‘Z[(1:_5)) ( y& )> 93)
Myt Myt
K 1/¢
K A *
y(n,t) = T T z(n, t) 94)
Myt Myt

Define r; = ;’K'*

e and w; = % for convenience. Labor feasibility constraint implies:

A
Ly = /ay(n,t)dn (95)

¢

1/¢
A c \*/ A\
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T .o
oo A(ﬁa) L ©7)
O\ T
¢

where the last line comes from the normalization L; = 1, Vt. Next, consider the dynamic problem of
choosing how much physical capital to save for the next period. The first order conditions for C; and
K;,1 are given by:

0L B
a BICI Y —py; = 0,Vt (99)
oL
= —pyr+pyip1 + prie =0,V (100)
0K 11

Combining the two, we obtain the standard Euler equation:

BIC/Y = BHCLY +riptICLY, (101)
L _ p(Gn - (102)
T+r1 Ct ’

As mentioned, we are interested in a balanced growth path allocation. Assume that aggregate
variables grow at the gross rate G; = (1 + 2.)%/ (A% as in the competitive equilibrium case. Then
we have:

r=ry=p Gy -1Vt (103)



Hence, the output of firm n at time ¢t becomes:

A 1/¢
y(n,t) = ( +5> <Wt) ] z(n,t) (104)
- ( > _A/ €+)\ (105)
— (G a5 1_1+(5> 2(n,t) (106)
- %(n,t (107)

K

1—x

where 7 = <G2’[311(—1+5> is a time-invariant constant. Then aggregate output Y; is simply:

/—z n,t)dn = Eit (108)
4

We are left with the dynamic innovation decision. This is more delicate, as the choice of innovation
probability i(#, t) influences the allocation through its effects on z(n, t + T),VT € Z**. This, in turn
has two effects: (1) the direct effect on the future production of firm n, y(n,t + T),VT € Z**, and
(2) the indirect effect of positive technological spillovers due to increasing average firm productivity
Ziv1, VT € Z*+. We will first show that i(n,t) = i, Vn,Vt. From the law of motion of firm
productivity, we have:

T
Eiz(n,t+T)] = z(nt)+ vz [M(n,t)] + yE; 2 ] Vt,VT € ZTF  (109)
T
Eifz(n,t+T)] = z(nt)+vyzi(nt)+9E: | Y, zl(n, f)] NENVT e Z*TT (110)
f=t+1
OBz t+ T _ - v vr ezt (111)

di(n,t)

Note that the term does not depend on the value of z(n,t + T), but only Z;. This is due to the
additive structure of the law of motion. Now, focus on the direct effect on the future production of
firm n at time ¢ + T:

z(nt+T)
OB y(n, t+T)] _ o [ Z‘?l(“”}
di(n,t) N di(n,t)

m JEiz(n,t+T)]
- \ (113)
A/ (T+A)
Cz HTC di(n,t)
s "z
A (A
ez

(112)

(114)
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Then:

p) o o T .
mlﬂt L;l,uY,Ty(l’l,t‘FT) = quY'HTW’YZt (115)
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) s
Z)nf
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First, note that the term does not depend on n. Second, the expression is very similar to the marginal
benefit from innovation to a private firm in the competitive equilibrium. We have an additional
factor 1/, since we are looking at total output of the firm as opposed to its profits. Next, we
consider the costs of increasing the innovation probability i(n, ). The first order condition with

respect to X; delivers %ﬁ = —py;+pux: = 0,80 ux; = py,, Vt. Then we have:
J A - i(n,t ~
3i(n, 1) [—pxCi(n, 1))2] = —xl_(i(n)t)yy,tzt (121)

So the cost does not depend on # either; and it is multiplied by the same factor uy ;Z; as the marginal
benefit from innovation from the direct effect on production. Since the direct benefit, the indirect
benefit, and the cost are all independent of 1, we conclude i(n, t) = i;, Vn, Vt. Then we can write
the aggregate law of motion for average productivity level as:

Z_H-l =Z; + ’}’Ztit (122)
= 8zt = it (123)
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Along a balanced growth path, the growth rate is constant, so we have g, = yi. With all these
results, we can restate the social planner’s problem as follows:

1-w

max Co T , such that (124)

i€[0,1] (1—w)(1 ,BGg “)

7'L' 7T K A ~
G = (1+9i)¥M0 (126)
= ¢ L S . (127)
SR e

ro= BGY -1 (128)

All the constraints can be plugged into the objective function, so we have one equation to maximize by
choosing i € [0, 1] with no other constraints. As expected, the only difference of the social planner’s
allocation from the competitive equilibrium allocation is due to the social planner’s internalization
of the positive spillover effects of innovation. The physical capital and labor allocations between the
firms with different productivities are the same.

A.4 Determination of CEO Compensation with Flexible Total Compensation

In this section, we drop the last constraint that requires the present discounted value of the
expected payments to the CEO to be equal to U. Therefore both the composition and the level of the
payment are endogenously determined.

1 w )
t _ c\zl—w o . Ct
52&1)2)[%/1} { [Z B ( v(it)Z; > + (1 =1)E | V(z0, ©p) ;} m(}%%
s.t. ¢ = sZ;+omax{0, V(zt, Of) — (1 +74)S(z4-1,0-1) }, Vt (130)
iy = i(s,0) (131)

First, notice that given i; = i(s, 0), the expected utility of the CEO can be written as

Zﬁ ( o —o(in)g~ “’)] (132)

S ] —f e _f 1-w R
— tZ:(:)(,BGg*w)t {11(5’(2 <5+ 0701(1Gé (5,0))> L a 1(5;02))5 i ))] Ar13)
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= — ﬁlle {11(5/‘;)) <s + O’le(lG—gl(s,O))> L (1— 11(5;02))51 B z;(f(s,o))] 134
4
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Next, the expected utility of the shareholders becomes

[=S) c
E |V(z0,®) — ) —— (135)
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A 2 - - Ct
= 0120 +v2(i(s,0))Z0 — E — 136
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- 140 2 7 0 1+1’—G§ Gg 7 7 0

The first term is independent of the choice of s or o0; so it can be moved out of the maximization.
Notice that the real interest rate is constant in the balanced growth path equilibrium. The maximiza-
tion problem has two choice variables: s and o. Since the domain of o0 is compact, it makes sense to
search over the values of o € [0, 1] which maximizes the objective function. Putting all components
together, we have:

~l—w 2 2 1-w 2 1—
1z, i(s,0) 0yv1(1 —i(s,0)) (1—i(s,0))s7 =
528’;2%,1] {1 —IBGé_w 1—w <S+ Gé * 1—w U(Z(S,O))
1) (o20i5.0) — 1 s+ Tt o)1 - (5,00 ) (138)
1) v2(i(s, 0 pr—e s e i(s,0 i(s,0 20

Without loss of generality, set Zy = 1, which implies Zy = Z(l)_‘" =1.

Unlike a standard principal-agent problem, a unique solution to this maximization problem
always exists for any 7 € (0,1). However, unlike our baseline framework, the present discounted
value of CEO compensation approaches to zero as # — 0. This is an undesirable property, since
it implies that the no CEO influence counterfactual that we would like to consider results in an
unrealistic scenario where the shareholders fully exploit the CEO, paying him virtually nothing, yet
still providing incentives that implement the shareholder-optimal innovation rate. This is one reason
to prefer the baseline framework over this alternative specification.

A.5 Determination of CEO Compensation Using Standard Principal-Agent Framework

In this section, we change the last constraint that requires the present discounted value of the
expected payments to the CEO to be equal to U with a CEO utility constraint instead.*> As a result of
this, the solution set of the problem becomes equal to the solution set of a standard principal-agent
problem, which is shown to assume away the agency friction due to CEO influence 7.

43If we write the CEO utility constraint as an inequality, two scenarios are possible. When the constraint binds, the
solution set is the same as what we will discuss in this section. When the constraint does not bind, this time the solution
set is identical to that obtained in the flexible total compensation specification which is already calculated and discussed
in the previous subsection (Section A.4).
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U=E
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This turns the first term in the objective function into a constant 7 U; so it can be moved out of
the maximization. Likewise, the factor (1 —#) > 0 in front of the expression for shareholder utility
also becomes inconsequential, and it can be moved out of the maximization.

First, note that given i, = i (s,0), the expected utility of the CEO can be written as

E

00 1-w
y B (ffw - v(it)z}wﬂ (143)
t=0

[ee]

i(s,0 oyuy (1 —1i(s,0 e —1i(s,0))st~w A
= ;}(,BGé_w)t 1(—,a)) <s+ 7 1(1G§ (s, ))> + (1= ils,0)) —o(i(s,0)) | 25(144)

2 Py 1-w n
1 1(s,0) 0yv1(1 —i(s,0)) (1—i(s,0))st . L
1-BGIY |1-w <S+ G ) T —0(i(s,0)) | Z5 €145)

Since the expected utility of the CEO must equal U, choosing either s or o completely determines the
other. Next, the expected utility of the shareholders becomes

) ct
E|V(z0,00) — Y —/——F—— (146)
t;() Hthl(l +77)
. 2 - - Ct
= 0120+ 02(i(s,0))% — E ;) a3y (147)
= 120+ 0a(i(s,0))50 — — T s+ 2% 0)(1 — i(s,0)) | 2 (148)
— 140 2 s 0 1 Tr— Gg Gg s s 0

The first term is independent of the choice of s or 0; so it can be moved out of the maximization. Note
that the real interest rate is constant in the balanced growth path equilibrium. The maximization
problem has two choice variables: s and o, but since choosing one completely determines the other,
we can restrict the attention to choosing o only. Since the domain of o is compact, it makes sense
to search over the values of 0 € [0,1] which maximizes the objective function. Putting all the
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components together, we have:

~ 1+r O’)’Ul/,\ ~
— 1— h th 1
Orél[g}} {vz(z(s,o)) TFr=C; [s—l— Ce i(s,0)( z(s,o))] },suc that (149)

~

2 s 1-w
_ 1 i(s,0) 0yv1(1 —1(s,0)) (1—1(s,0))st« .
U = 1—ﬁGé_“’ I—w (S—I— 1 e ) + 1o —o(i(s,0)) 235@)

Without loss of generality, set Zo = 1, which implies Z; = Z(l)_‘“ =1.

As noticed, the CEO influence # is absent from the problem. This is because fixing the CEO’s
utility to U removes any possibility of negotiating a compensation structure that favors the CEO.
Consequently, the board always chooses a contract that implements the first-best for the shareholders.
In other words, the agency problem is assumed away. This is the reason why we opt for our baseline
framework over this alternative.

If formulate a standard principal-agent problem from the get-go, it is stated as follows:

E (V(z9,®9)— Y ————| ¢,s.1. 151

52532)[5,1] { (20, €0) t;o [Tr— (14 77) } (s
¢ = sZr+omax{0,V(zy,0;) — (1 +7-1)S(zt-1,01-1)}, Vt (152)
iy = i(s,0),Vt (153)
U < E iﬁt G o(iy)z ¢ (154)
Y = = 1—w t) 4t

After algebraic derivations, it becomes:

max 02(1(s,0)) — _ 1+ |:S + 2% i(s,0)(1—i(s 0))] such that (155)
5>0,0€[0,1] 2 1+r-Gg G ’ ’

2 P 1-w P

o 7 7 1—w .

U < 1 _ i(s,0) - 0yv1(1 —1(s,0)) N (1—1i(s,0))s~“ o(i(s,0))| 21
1—[5Gg“’ 1—w Gg 1—w

Note that the IR constraint is a weak inequality at the outset. However, since the principal’s utility is
decreasing in total compensation, the constraint must bind with equality.** So the solution set of
this standard principal-agent problem is equal to the solution set of the problem:

4 Suppose not. Then, for any (s,0) with U < U(Z,i(s,0)), 3(s’,0") with U > U(&,i(s’,0’)) which delivers the same
innovation i(s/,0") = i(s,0) with lower compensation cost to the principal, while still delivering the same v;(i(s,0)).
All contracts (s,0) with U < U(C,i(s,0)) are thus dominated, which contradicts that the constraint does not bind with

equality.
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Orél[g/)ﬁ {vz(f(s,o)) ~ 7 4—1r+—rGg {s + ngl i(s,0)(1— f(s,o))] }, such that (156)

_ 1 i(s,0) (S+ 0y01(1 —f(SIO))>1_w+ (1= i(s,0))s™™ —0(i(s,0)) | €457

Y 1_[3(;%*“’ 1-w G¢

Since (156)-(157) are equivalent to (149)-(150), the solution sets are the same.

A.6 CEO’s Decision Problem with Stocks and Taxes (Risk Neutral)

In this section, we consider the decision problem of a risk neutral CEO with a richer contract
structure. Each firm in the model has a CEO who chooses the levels of production inputs k and I, as
well as the probability of successful innovation i. The CEO is risk-neutral in terms of consumption,
discounts the future at rate f, and receives disutility from exerting effort to oversee the firm’s
innovation efforts. The preferences are represented by:

U(E,i) =E

i B (et — U(it)ft)] (158)

with ¢ = {¢;}30g, 7 = {it}32, B € (0,1), and v(i) captures the disutility from exerting effort
(@'(i) > 0,9"(i) > 0).%

CEO compensation consists of three components: Salary s; which is not state-contingent, dividend
payments from stocks d; which depend on the productivity of the firm z; and the aggregate state of
the economy ©®;, and stock options o; which have a state-contingent payoff. These three sources of
CEO income are taxed at the linear rates, 15, 75, and 7, € (0,1) respectively. CEO compensation in

period t is written as:*°

¢ = (1 — 7182 + (1 — 14)ds (T1(z,0) — C(i)2) + (1 — T,)0or max {0, V(z, ®;) — (1 +74)S (21, O;_1)§159)

In this equation, s; denotes the (normalized) salary received by the CEO, whereas d; denotes the
fraction of the firm’s dividends that are paid to the CEO as a result of his stock ownership. Finally, o;
denotes the share options granted to the CEO as a fraction of the total shares of the firm. The third
term has a positive value if the value of the firm next period exceeds the strike price this period, and
is zero otherwise. Therefore, the option part of the CEO compensation is convex in the future value
of the firm.

Assuming the value function of the firm given a time-invariant innovation decision i is given by
V(i,z,z) = v12 + v2(i)Z, the lifetime utility of the CEO along a balanced growth path equilibrium is

45The multiplicative term Z; is to make sure that the disutility from the innovation effort does not shrink over time
along the balanced growth path. It can be thought of as the value of time spent on leisure increasing in tandem with
aggregate productivity.

46This equation assumes non-negative dividends.
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given by:

0701

U(E,ﬁ =E ioﬁt ((1 — TS)SZt + (1 — Td)d(ﬂ'ft — C(Z)Zt) + (1 — To)Gig max{O, ]It—l — it—l}ft — U(it)2t> ]|160)

The first order condition with respect to i; is given by:

R @ B\T
(1 —71)dC (i) +'(iy) = [(1 — Td)dn'ng (G/\> + B(1 = 1)oyv1(1 — Zit)] (161)

(1—71)dC (i) + 7' (i) = [(1 — 1)dmty + B(1 — 1) oyvy (1 — 21})} (162)

p
Gy— B
Notice that all the terms except i; are time-independent. The unique solution to this equation
pins down 7. On the left-hand side, the first term originates from the R&D cost of increasing
innovation that the CEO internalizes due to his stock holdings, and the second term comes from the
disutility of innovation effort. On the right-hand side, the first term is the effect of increasing the
firm’s productivity: Since the productivity increase is permanent, the CEO enjoys increased future
dividends, but this positive impact tapers off as the average productivity in the economy grows over
time and the contribution of the one-time jump to the relative productivity of the firm diminishes.
The second term originates from the stock options granted to the CEO, delivering a positive payoff
only when the innovation succeeds.

Next, we consider the problem of how the CEQ’s compensation structure is determined. As
before, let 7 € (0,1) denote the weight of the CEO’s preferences, and 1 — # denote that of the
shareholders. The compensation determination problem is written as:

szo,del[r(},ell]),(oe[o,l} {W]E gﬁt (et —ov(i)zr) | + (1 —n)E | V(z0,09) — ;) l_[tT:1(Cf+VT) }(163-)
¢ = (1—1)s% + (1—15)d(I1(z;,0;) — C(i)%)
+(1 — 1)omax {0, V(z;,Or) — (14 1¢)S(zt-1,0¢-1) } (164)
§ = sz +d(T(z,0;) — C(i)2:) + omax {0, V(z;,0) — (1 +74)S(z-1,0:1) X165)
ii = 1i(s,d,0) (166)
© 8

Y !

- 167
ST (1) (167)

The first term in the objective function represents the CEO’s influence in the determination of his
compensation structure between salary s, dividends from stocks d, and stock options o, which is
increasing in #. The second term in the objective function represents the shareholders’ influence,
where their preferences are simply the expected value of the firm at time = 0 minus the present
discounted value of the expected payments to the CEO. The first set of constraints give the CEO
compensation at different periods. The second set of constraints provide accounting identities which
show the cost of the CEQ’s compensation to the firm is higher than the net compensation received
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by the CEOQ, due to the taxes T, 74, and 7,. The third set of constraints is to recognize that the
CEO will choose the level of innovation #; given his compensation structure. Therefore the level of
innovation is equal to the policy function associated with the CEQ’s decision problem, i(s,d,0). The
last constraint requires the present discounted value of the expected (gross) payments to the CEO to
be equal to U (individual rationality).

First, note that given i, = i (s,d,0), the expected utility of the CEO can be written as

IE i ﬁt (Ct - v(it)zt) (168)
t=0
= i(ﬁGé)t (1—-1)s+ 1= TO)Ogvli(l —) - U(D] Zo
=0 7
+(1 — 14)dE iﬁ (I1(z;, ©) — azt)] (169)
=0
= 1_1[8G€ (1 — Ts)s + (1 — To)ogg)li(l - i) — Z)({) Zo + (]- - Td)d (vl 20+ U§N Q)Z({)70)

where the arguments of i(s, d, 0) are suppressed for clarity, and vXN and v¥N (i) are given by:*’

otV = (1 — ﬁ) B s (171)
1 Ga
o) = (-por) ! (FE - co) a72)
Next, the expected utility of the shareholders becomes
E | V(z0,00) — i # (173)
=0 [Tr=1 (1 +77)
= 120+ v2(i(s,d,0))2 — U (174)

The first and third terms are independent of the choice of s, d or 0; so they can be moved out of the
maximization. Note that the real interest rate is constant in the balanced growth path equilibrium.
Then:

c 1+7r 0701 » »
U=E L —_— ,d,0)(1—1i(s,d,
U=E\ X a0y 176 | T G (&d0)—ilsd o))
+d(v120 + v2(i(s,d,0))Z)) (175)

Hence, choosing two of s, d, and o completely determines the third. Thus the maximization problem
has two relevant dimensions. Since the domains of 0 and d are compact, it makes sense to search

47This is obtained by replacing %Jrr with B and following the same steps as in Theorem 2.
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over the values of (d,0) € [0,1]> which maximize the objective function. Putting all components
together, the problem can be rewritten as follows:

n (1 —1)oyv1i(1 — 1) ~ | -
(d,g?[())(w {1 e (1—1)s+ Ce —o(i)| Zo+n(1 —14)d ( N2y + 0% Dzo)
+(1— n)vz(ﬂio},such that (176)
_ 1+7r 0Y0120 | 5 X A ~
U=91"¢ e [s Ce i(1 D] Zo + d(v120 + vz(DZO) (177)

where the arguments of i(s,d,0) are suppressed for clarity. Note that unlike the specifications
without dividends, this problem depends on the normalized productivity of the firm at time zero, 2.

A.7 Initial Consumption Level

To calculate welfare, we need to compute the initial consumption level Cy. From goods market
clearing, we have:

Y = Ci + G + Xe + I (178)

where the terms on the right-hand side are aggregates for the consumption of the representative
household C;, consumption of the managers C,, ;, R&D spending X;, and investment in physical
capital I; respectively. In order to calculate C;, we need expressions for C;, X, and I;. In a
balanced growth path equilibrium, aggregate physical capital stock grows according to K;;1 =
G¢K;. By definition, aggregate investment at time f is I; = K;;1 — Ki(1 — 6). Hence we have
It = K¢(G; — 14 9). To calculate I;, we need K;. Recall that the first order condition with respect to
capital of the firm’s static profit maximization yields k(z;,z;) = ﬁy(zt, Z;). Hence, we have:

I;: = /]’;Z‘;’Z;dz@):rié (179)
G;—1+6
=5 = Yth(G 1+(5)=K7T(§(";+5)+ )zt (180)

For aggregate R&D spending, we have
X = C(i)z (181)

For aggregate consumption of the managers, we have:

Cm,t = E[Ct] = ( Oz;zl (1 — 1)) t (182)
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Hence, the initial consumption level Cy is given by:

[ km(Gg—=1+46) A Y01, )] -
Co = 7 21 0) C(i) <s+ G i(1 1))}20 (183)

A.8 CEOQ’s Decision Problem with Taxes

In this section, we consider the decision problem of a risk averse CEO, where each component of
the compensation can be taxed at different rates. CEO compensation consists of two components:
Salary s; which is not state-contingent, and stock options o; which have a state-contingent payoff.
These two sources of CEO income are taxed at the linear rates, ;, and 1, € (0,1) respectively. CEO

compensation in period t is written as:
Ct = (1 — Ts)Stft + (1 — Tg)ot max {O, V(Zt, ®t> — (1 + T’t)S(Zt_l,@t_l)} (184)

In this equation, s; denotes the (normalized) salary received by the CEO, whereas o; denotes the
share options granted to the CEO as a fraction of the total shares of the firm. The second term has a
positive value if the value of the firm next period exceeds the strike price this period, and is zero
otherwise. Therefore, the option part of CEO compensation is convex in the future value of the firm.

Assuming the value function of the firm given a time-invariant innovation decision i is given
by V(i,z,2) = v12 4 v2(i)Z, The lifetime utility of the CEO along a balanced growth path can be
written as:

(1 —1)s + % max{0,I;_1 —i;_1})1"¢

1—w

uEi)=E|y p'zv —o(iy) (185)
t=0

Determination of ?completely pins down the values of ¢. In turn, the first order condition with

respect to i; is given by:

(1— s+ 0wy )7
U,(it) _ ﬁcéfw [ < G > _ <(1 5) )

1—w 1—w

_i#(1 —T)orm ((1_TS)S+(1_TO)OW(1—1})> ] (186)
Gg G¢

Note that all terms except i; are time-independent. The unique solution to this equation pins down 7.
The first term is the utility from consumption at time f + 1 conditional on successful innovation. The
second term is the same for the case where innovation fails. The last term captures the fact that
increasing i; actually reduces the payout of the option conditional on success, since the payout is

linear in (1 — i;).
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A.9 Extended Model with Short-Termism

In this section, we present the details of the extended model with short-termism introduced
in Section 5. The change in the preferences given in equation (29) affects the CEQ’s innovation
decision. Given the contract (s,0), the sequential problem of the CEO can be written as:

) + % 0,11 —i_ 1-w
E‘Bt,z}_“’ ((S & max{0,I; 1 —i;_1}) —U(it)—ﬁtg>] (187)

= 1—w

max [E
i

The objective is no longer guaranteed to be continuous since 1; has a discrete jump at IT(z;, €/, ) —
C(it, zt) — st = Dy(i, zt, 21, 5¢). Call the value of i; that solves this equation i}, and suppose for now
that i} is independent of z;, Z;, and s;. If there is no i} € [0, 1] that can solve the equation, then there
is no discontinuity, and the CEO’s innovation decision can be found by using the first order condition
as before. Now consider the case where i} € [0,1] exists. In the set [0,1] \ {i} }, there exists a single
local maximum which solves the equation:

1-w
i) e .
Ly el ( G; s iy 0V .
v'(it) = BG; - - G <s + Ce (1 1t)> (188)

Call the value of i; that solves this equation i;*. The CEO will choose either i} or i;* depending on
which one attains a higher value when plugged into

S+0701(1_i)>1—w e
& : F(1-ip)s
1w

—U(it) — ﬁtg + IBG%_w it ( (189)

1—w

where the first two terms are the total utility cost of choosing innovation i; (disutility from overseeing
innovation and potential punishment), and the last term is the utility gain from compensation next
period. Denote the policy function of the CEO as i;. There are three economically meaningful cases:
(1) i;* < if, so the dividend target constraint does not bind and ft = i;*, (i) if* > i} and i} delivers
a higher value, so the CEO chooses exactly the amount of innovation that will deliver the dividend
target demanded by the investors which is i = i¥, and (iii) i}* > if but i** delivers a higher value, in
which case the CEO chooses the same innovation as he would have without the punishment, i; = if*.
The second case is the key one, where the binding dividend target constraint encourages the CEO
to cut down innovation in order to avoid punishment. In cases where the CEO is already choosing
a lower innovation rate compared to the shareholder-optimal one, short-termism further reduces
innovation, exacerbating the loss in innovation due to agency frictions.

To close the extension to the model, we need to pick a functional form for D; (i, z¢, 21, s¢). We
pick

Dt(it, Zt,Z¢, St) = ATL’ft — CA(lt)(Zt — 21}) — Stft (190)
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where A > 0 is the scale parameter that captures how demanding the investors are. The first term is
linear in the expected profits of the firm, which means the investors demand higher dividends from
more profitable firms. The second term is a technical one that eliminates a mechanical advantage to
the CEOs who lead larger firms.*® This term washes out on average since E[2; — ;] = 0. The third
term is the salary payment. Given the functional form, the equation that pins i} down becomes:

2

I1(z¢,€1,2¢) — Cliy, 2t) — se2r = Di(it, 2, 21, 5t)
etz — C

z
( ) — StZt = A7'L'2t — CA(it)<~t — ﬁt) — stit
m(e —A) = C(ir) (191)

Note that the equation is independent of z;, Z;, and s;, consistent with the assumption earlier. Since
the range of the function C(i;) is [0, ®), a solution i¥ exists if and only if ¢ > A. If a solution does
not exist, the optimal policy is glven by i; = i*.

The new innovation policy i i is now a function of s, o, and ¢;. Denote the cumulative distribution
function of €; as P(e;). By definition of €;, P(e;) = P(e;—1) = P(e), Vt. Given the new innovation
function, the expected lifetime utility of the CEO takes the form:

- t C}_w ‘\zl—w
;),B 1—w (it)Z

¢ ~ 1-w Py —w
_ Z(ﬁGE“’)t[/ i(s,0,€1-1) <S+0701(1—1(s,0,et_1))> n (1—1(s,0,€-1))s dP(e 1)

= 1-w G¢ 1-w

A

—/(U(f(s,o,et)) —1:(i(s,0,€),€)&) dP(er) | 2}

—w

. . 1- A

27 i(s,0,€) 0yv1(1 —i(s,0,€)) “ (1—1i(s,0,€))st™v

= ———a;—/ s+ +
1—pGle 1-—w G; 1-w

N

— (v(i(s,0,€)) — 14 (i(s,0,€),€)) ] dP(e)

Next, we need to rederive the value function of the firm given a time-invariant innovation
decision which is a function of the realization of the temporary productivity shock €. We use i to
refer to the function itself, and i(e) for the value of the function at e. The value function of the firm
can be written recursively as:

Viiz2) = [ [H(z,e,Z)—C(i(e),Z)+ .(_i)rV(i,z+'yZ,Z’)+11__;'(:)1/(1',2,2’) dP(e) (195)

48Consider the scenario where we do not have the second term, and Dy (iy, zt, 24, 8¢ ) = AmtZy — s4Z;. Then reorganizing
I1(zt, €1, %) — Clir, Zt) — s¢2r = Dy(iy, 21, 21, 5¢) leads to 7t(e€t — A)2 = C(iy), which means the cutoff at which the dividend
constraint binds, i}, is higher for firms with higher Z. We eliminate this advantage by adding the second term, which also
allows closed-form solutions.
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Guess a solution of the form V (i,z,2) = v12 4 v,(i)Z. To verify:

0+ oa(i)E = [neez—é(i(e))z+ f(j)r [gmgzwz(i)cgz}

11_+1(r) [gi%—vz(z)ng} dP(e) (196)
. nNs v . A i(e)vyy v2(i)G
0t +0y(i) = [mm}w[/ (—C(z(e))+(1+r)1GA> dP(e) + 1+r€ 1197)
Hence:
-1
v = (1—(1+1r)GA> n (198)
1 .

0(i) = (1— ﬁi) /(%—é(i(@)) dP(e) (199)

Given the value function of the firm, the expected utility of the shareholders becomes

[ee]

V(z0,®9) — Z

— (1 + TT>
= mZp+ Uz( )Zo U (201)

E (200)

The first and third terms are independent of the choice of s or 0; so they can be moved out of the
maximization. Note that the real interest rate is constant in the balanced growth path equilibrium.
Then:

[ee]

Z 1+r

_ (1+1)2 001 .
_1+r—cg/[s G [eoe)l 1(5'0'6))] dP(e)  (202)

Putting all components together, the problem can be rewritten as follows:

max
0€[0,1]

. . 1- .

nzyw i(s,0,€) oyv1(1 —1i(s,0,€)) ¢ (1—1i(s,0,€))st~w

17(‘]/ S+ +
1—-BG; 1-—w G¢ 1-—w

—0(i(s,0,€)) — 1;(i(s,0,€),€)&

dP(e) + (1 — n)vz(f(s,o))io},such that (203)

[oe]

Z 1+r

— 1(}:: Z)ZGOg / [S i 02;6’1 i(s,0,€)(1—i(s, 0,6))] dP(e)  (204)

A.10 Microfoundations of the Board Objective Function

In Section 2, CEO influence in the determination of the compensation structure is modeled in a
way similar to Page (2018), where the objective function assigns a weight # € [0, 1] to the CEO’s

23



utility and (1 — #) to the shareholders’ utility (the expected value of the firm minus compensation).
To link the CEO influence parameter 7 to the empirical results, we assume that 7 is decreasing in
institutional ownership. In this section, we offer microfoundations that provide a rationale for these
modeling assumptions.

What is the process through which CEO compensation is determined? A CEQ’s compensation is
ordinarily the result of bargaining and negotiations between the CEO and the board of directors. In
an ideal world, the board of directors would adopt the preferences of the shareholders and make
decisions accordingly. In practice, a CEO can have significant influence over the board members
(see Bertrand and Mullainathan (2001), Bebchuk and Fried (2003), Hwang and Kim (2009) among
others). Therefore, the composition of the board can affect CEO influence, where a board stacked
with dependent directors might put more weight on the CEO’s preferences compared to those of the
shareholders.

The next logical step is to consider how board members are appointed. In a world with perfect
information, the shareholders would not agree to appoint a candidate to the board if the candidate
is not independent. The more likely scenario is one where the shareholders are imperfectly informed
whether a candidate is dependent or independent. In such a setting, better-informed shareholders
— such as institutional investors — can help improve the composition of the board members by
increasing the likelihood of election of independent board members. In the following section, we
explicitly model this game in detail and establish an inverse relationship between institutional
ownership and CEO influence under very mild assumptions.

A.10.1 Model

There are N € Z*+ shareholders of the firm, denoted by i € {1, ..., N}. The shareholders vote
upon the appointment of a new director to the board. The candidate in question can have two
types, x € {I, D} where I stands for an independent candidate, and D stands for a dependent
candidate. An independent candidate assigns zero weight to the CEQO’s preferences and acts as a
perfect mediator of shareholder preferences. A dependent candidate assigns some nonzero weight
#up > 0 to the CEO’s utility and 1 — 7, to the shareholders’ utility. All shareholders share the same
preferences as they all want to maximize the value of the firm. They would prefer to appoint an
independent candidate over a dependent candidate, as the appointment of dependent candidates to
the board increases CEO influence which leads to a reduction in firm value as discussed in Section 2.
If they do not appoint a candidate, there is a small loss, as the spot on the board remains vacant and
must be filled eventually, and the problem is deferred but not resolved.

Table Al presents the payoff matrix of the shareholders. The value from appointing an indepen-
dent candidate is normalized to zero. Appointing a dependent candidate results in a value loss of 6.
Not appointing any candidate yields the deferral cost of 5. We assume 0 < ¢ < 6, i.e. the cost of
deferring the problem is smaller than the cost of appointing a dependent candidate.

Given the payoff structure, shareholders must decide to appoint or reject the candidate through
a majority vote. The type of the candidate, x € {I, D} is not perfectly observable. The shareholders
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TABLE Al: PAYOFF MATRIX

Independent Dependent
Candidate (x = I) Candidate (x = D)
Candidate is appointed 0 —0
Candidate is rejected -0 —0

receive a private and noisy signal regarding the true type of the candidate, and the quality of the
private signals are heterogeneous across shareholders. Given this information structure which is
public information, each shareholder i can vote in favor of or against the candidate, or abstain,
denoted by v; € {Y, N, 0} respectively. In the case of a tie, a fair coin toss determines the final
outcome.

The game we have described thus far is new in the context of corporate governance. However,
similar games have been extensively studied in the context of voting and voter turnout in public
elections. Our assumption of homogeneity in shareholder preferences places our game in the common
value elections branch of this literature. Some recent work includes Feddersen and Pesendorfer
(1996, 1999) and Krishna and Morgan (2011). The closest paper to our setting is McMurray (2013)
where the electorate must decide between two electoral outcomes where each voter receives a
private signal on which outcome is optimal, but the quality of the private signal is heterogeneous
across voters. The voters can vote for either policy or abstain. The ability of the voters to abstain
is crucial. While private signals are always informative, voters with worse signal quality might
rationally choose not to vote. This is because of the “swing voter’s curse” proposed in Feddersen
and Pesendorfer (1996): a citizen’s vote is most likely to be pivotal when he or she mistakenly
votes for the inferior outcome. In the context of our game, this means less informed shareholders
might choose to abstain in order not to overturn the votes of better-informed shareholders — such as
institutional investors — as they are more likely to be correct. In the rest of this section, we apply
the model in McMurray (2013) to our setting, discuss how institutional investors would differ from
other shareholders, and link the outcomes to our model in Section 2.

Without loss of generality, let the ex-ante probabilities of both types of candidates to be equal,
Pr(x = I) = Pr(x = D) = 0.5. Each shareholder i has private signal quality ¢; € [0.5,1], where
higher values correspond to more informative signals. This signal quality is drawn from a common
distribution F(q) and the draws are i.i.d. across shareholders. The associated probability distribution
function f(g) is assumed to be smooth and strictly positive on (0.5,1). The private signal of
shareholder i is denoted by s; € {i,d} where receiving signal s; = i is more likely when the true type
of the candidate is x = I, and signal s; = d is more likely when the true type is x = D. F is common
knowledge, but the realizations of g; and s; are private to shareholder i. Once the signal is observed,
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shareholder i’s belief is given by Bayesian updating:

0.5q,‘

Pr(i|lg;,x = I) = Pr(d|q;,x = D) = 0.59; +0.5(1 — g,) -

(205)

This means shareholder i assigns probability g; to her signal s; being correct. Therefore shareholders
with better signal quality are more confident. For instance, q; = 1 implies the shareholder is certain
that the signal is correct, and g; = 0.5 implies the shareholder learned nothing new from the signal.
Let 0 : [0.5,1] x {i,d} — {Y,N,0} denote a strategy which maps signal quality g; and observed
private signal s; to voting decision v;. The strategy ;" is a best response to opponent strategies if
it maximizes expected payoff. We consider the Bayesian Nash equilibrium of this game where the
strategy of each shareholder is a best response to other shareholders’ strategies. For convenience, the
number of shareholders N is assumed to be drawn from a Poisson distribution with mean »n, which
makes the equilibrium necessarily symmetric (Myerson (1998, 2000)). Therefore, the equilibrium
strategy profile is denoted as c*.

Definition 1. For any quality threshold T € [0.5,1], o7 is defined as a quality threshold strategy as
follows:
Yifs=Ilandg>T
o"(q,s)={ Nifs=Dandq>T (206)

0 otherwise

The quality threshold strategy is a very intuitive one. It specifies the shareholder to vote in
line with the private signal she receives, but this is done only if the shareholder’s signal quality g;
lies above a certain quality threshold T € [0.5,1]. As a consequence of this strategy, shareholders
with signal quality worse than T choose to abstain, allowing more informed shareholders to vote
(truthfully) according to their own private signals. T > 0.5 is the rational response to the “swing
voter’s curse” discussed earlier. Using this definition, we can characterize the set of Bayesian Nash
equilibria of the game:

Theorem 4. There exists a quality threshold T* € (0.5,1) such that ¢” is a Bayesian Nash equilibrium.

Furthermore, if 0* is a Bayesian Nash equilibrium, then it is a quality threshold strategy.

It can further be shown that the equilibrium is unique for well-behaved signal quality distributions
F. For the main result we are interested in, we assume the probability density function f to be
log-concave.* Let T} denote the equilibrium participation threshold for a game where the mean of
the population distribution is n.

Theorem 5. Assume f is log-concave. Then there exists a unique limit point TZ, such that for any
sequence of equilibrium participation thresholds, T,, — T%.

49Examples of log-concave distributions are the normal distribution, exponential distribution, uniform distribution over
a convex set, logistic distribution, and extreme value distribution.
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This result means that in large elections, F precisely determines the level of voter turnout
T =1 — F(T}), where shareholders with signal quality q; < T, choose to abstain. Abstention is still
non-trivial (a positive mass) even as the population goes to infinity. Finally, define the margin of
victory as a fraction of those who did not abstain as u = 2IE[g;|q; > T ] — 1.

Now we are ready to consider the effects of improved information on the equilibrium outcome.
Proposition 1 outlines two particular cases where the results are unambiguous.

Proposition 1. Let F and G be two distributions with log-concave probability density functions f and g.
Suppose G first-order stochastically dominates F. Then:

1. If g(q) = f(q),Vq > T} p, then T}, o = Ty, , Tc = Tp, and pig = pp.
2. If G(Ty p) = F(TSp), then T, o > T3, p, T < T, and pg > pr.

Proposition 1 considers the effects of improving signal quality where the new signal quality
distribution first-order stochastically dominates the old distribution. In particular, it highlights that
information is only useful if it improves the information of those who were already voting.

In the first case, only the signal quality of the former abstainers is improved. In this case, the
threshold TZ does not change, therefore the turnout, the margin of victory, and the probability
of following the superior policy (the probability of approval when the candidate is independent,
and the probability of refusal when the candidate is dependent) all remain the same. Additional
information does not change the realized election outcome, and provides no benefits.

In the second case, only the signal quality of former voters is improved. This time, the threshold
T% increases, which means more low signal quality shareholders choose to abstain. Consequently,
the turnout goes down, but the margin of victory improves, as well as the probability of following
the superior policy. As a result of better-informed shareholders at the right tail of the distribution,
the signal quality of the shareholders that vote improves not only due to the exogenous change in F,
but also as a result of less informed shareholders rationally choosing not to vote, in effect, deferring
to the judgment of shareholders that are better-informed. Since this is a common value election,
this improves the expected utility of all shareholders by increasing the probability of accepting
independent board member candidates, and decreasing the same probability for dependent board
member candidates. This leads to a board less stacked with dependent board members.

A.10.2 Interpretation

As Proposition 1 demonstrates, better information can improve board independence and thereby
reduce CEO influence precisely when signal quality is improved among the voting shareholders. This
allows less informed shareholders to abstain and benefit from the expertise of their better-informed
counterparts. We argue that institutional investors precisely fulfill this role. In particular, we posit
that institutional investors are better informed than shareholders that have a smaller stake in the
firm on average.
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The informational advantage of institutional investors can owe to many different reasons. First,
the firm might provide institutional investors with more information than what they provide to
individual shareholders. Institutional investors enjoy a degree of influence over the firm, not only
because they are large stakeholders, but also because other investors closely monitor the portfolio
allocation decisions of institutional investors. Second, institutional investors can have a better
information acquisition technology thanks to their specialization, or they might be familiar with
the board members in question from their activities in other firms where they served as a board
member, owing to the widespread portfolios of institutional investors. Third, in the context of costly
information acquisition, large stakeholders such as institutional investors would optimally allocate
more resources into information acquisition compared to individual shareholders with small or
transient investment in the firm. This is because the cost per share is lower for large investors.

All of these scenarios would link higher institutional ownership to a more independent board and
less CEO influence.”® In our model in the main text, we only require CEO influence to be decreasing
in institutional ownership. The board member appointment model under information frictions we
propose in this appendix provides one channel through which the inverse relationship between the
two can be justified. Capturing the specifics of shareholder voting in more detail such as costly
voting, costly information acquisition, and sharing information across shareholders might be good
avenues for further research.

A.10.3 Proofs

The proofs for Theorem 4, Theorem 5, and Proposition 1 can be constructed through minor
modifications of Theorems 1, 2, and 4, and Proposition 3 in McMurray (2013). The primary
difference is in the payoff matrix. In McMurray (2013), the voters must choose between two policies
A and B. Policy A is the superior policy if the true state of nature is & and the inferior policy
otherwise. The payoff when the superior policy is chosen is 1, and it is 0 otherwise. Choosing the
parameters of our model as § = 1 and 8 = 2 would make the incentives identical. However, it is
simple to show that the more general form with 0 < § < 6 would also work as the pivotal voters
would still strictly favor voting in the same direction regardless of the absolute values of § and 6.

A.11 Comparative Statics

In this section, we examine the innovation decisions of the firms, the compensation structure,
output growth rate, and social welfare provided that the firms and managers had different fun-
damental characteristics other than those implied by the parameter estimates from Table 1. This
is summarized in Figure Al. For each panel in each figure, we solve and simulate the model 20
times, each simulation corresponding to a different value of the parameter in question. For each of
these 20 simulations, we calculate the relevant moments. The first two rows of Figure A1 show the
comparative statics of the impact of changing the parameter that governs CEO influence, #. We find

50There is a positive correlation between institutional ownership and proxies of board independence. See Whidbee
(1997) and Arthur (2001) among others.
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that an increase in CEO influence reduces the fraction of stock options in the CEO compensation and
increases the fraction of state-noncontingent pay, salary, in the CEO compensation. CEO influence
has a negative impact on the firm’s innovation, which leads to a lower aggregate output growth rate
and consumption-equivalent welfare. We also plot the optimal innovation level of the shareholder
by the dashed red line in the innovation panel. The red line captures the firm’s optimal innovation
choice without agency frictions conditional on other firms in the economy still being subject to
agency frictions. When other firms suffer from the more severe distortion caused by increased
agency frictions, it becomes more attractive for the firm to carry out more innovation since the firm
can capture a larger market share and profit by increasing its productivity.

The third and fourth rows of Figure A1 show the comparative statics of the impact of changing
the parameter that governs the firm’s R&D cost, xy. We find that with higher R&D cost, the firm
chooses a contract that results in a lower innovation level. We plot the optimal innovation level of the
shareholders by the dashed red line in the innovation panel as well. The distance between the dashed
red line and the solid blue line represents the deviation of innovation from the shareholder-optimal
level. We find that the distortion caused by agency frictions is more severe for more innovative firms
(firms with lower R&D cost). If a firm is less efficient in innovation, it needs less innovation effort
from the CEO and, therefore, it would adopt a less incentivized compensation contract, featuring a
lower fraction of stock options and a higher fraction of salary. The equilibrium output growth rate
and social welfare decrease since the firm carries out less innovation.

The last two rows of Figure A1 show the comparative statics of the impact of changing the
parameter that governs CEO innovation disutility, v. When it becomes costlier for the CEO to oversee
innovation, the firm needs to adopt a more incentivized compensation contract to motivate the
manager to exert the same effort. Hence, the option ratio increases and the salary ratio decreases in
the CEO compensation. We also plot the CEO’s optimal innovation decision in the innovation panel.
The red dashed line captures the innovation the firm would choose if it were not subject to the agency
frictions while all other firms in the economy were subject to the agency frictions. When it becomes
costlier for all other firms’ managers to oversee innovation, the benefit for innovation increases since
the firm can capture a larger market share by increasing its relative productivity. Hence the optimal
innovation decision is upward sloping. Also, the gap between the optimal innovation rate and
innovation rate chosen by the CEO is smaller if it is less costly for the CEO to oversee the innovation.
In other words, the agency friction is less severe if the CEO is more innovative. The equilibrium
output growth rate and social welfare decrease in v since the firms carry out less innovation.

A.12 Exogenous vs. Endogenous Productivity Growth

In the benchmark model, productivity growth along a balanced growth path equilibrium is
completely driven by the endogenous innovation strategies of the firms in the economy. The
implicit assumption is that there are no other mechanisms at play that might change total factor
productivity between the two time periods. If there are other sources of TFP growth, such as a
reduction in unmodeled sources of inefficiency, this would mean that we would be attributing
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too much importance to the role of innovation in the determination of economic growth. To see
how much our quantitative results would change if we attribute a smaller role to innovation, we
introduce exogenous productivity growth to the model. To do so, we change the law of motion that
governs a firm’s productivity z;. In the modified model, if the firm is successful in innovation, its
new productivity becomes z;.1 = z; + 1Z; + yZ;, where ¢ > 0 is a parameter that determines the
free exogenous productivity increase. Therefore, even when the firm fails in innovation, its new
productivity becomes z;,1 = z; + 1Z; instead of remaining the same as in the baseline. One could
also think about this term as the productivity increase due to incremental innovations that do not
require CEO supervision.

Most of the model solution remains similar to the baseline. There are two main changes. First,
the value of v (7) in equation (34) changes to

A Gg - i1 101 A
o2(i) = <1_1+r> ((1+r)GA+(1+r)GA_C(Z)> (207)

Second, the growth rate of aggregate productivity changes to g, = vz + LZ.

To estimate this modified model, we require 50% of aggregate productivity growth to be due to
the 1 term. We choose its value to deliver exactly 1% output growth in the absence of firm innovation.
Then we re-estimate all the remaining parameters as before. The results of this estimation exercise
are presented in Table C3. Using this re-estimated model, we repeat the agency friction shut-down
experiment in Section 4.7. The results can be found in Table C5. As expected, both aggregate
productivity growth and social welfare become less connected to agency frictions. The welfare
impact of agency frictions goes down from its baseline value of 7.3% to 3.5%, which is approximately
half of the initial value. The welfare change numbers in other experiments are likewise halved when
we attribute half of the aggregate productivity growth to exogenous growth.

A.13 Derivation of the Option Exercise Value

In this section, we derive the option exercise value in our model. To simplify notation for the
present discounted values, assert the equilibrium result that »; = r,Vt in a BGP, which is due to the
Euler equation of the consumer’s optimization problem. Define V(z;, ®;) as the firm value without
CEO cash compensation at time {. Then:

V(zt,©) = V(z,,0) — s — 7;1 (15:_;:)7‘ (208)
The first term on the RHS is the firm value function at time ¢ which is the expected present discounted
value of all static profits minus R&D expenses from time ¢ onwards. The second term is the salary
payment to the manager at time t. The third term is the present discounted value of all salary
payments to the manager from time t + 1 onwards, which is deterministic. We can also write down
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the firm value function at time ¢ explicitly as follows:

. 2 I1(zi 7, © — ClitoT, 2
V(Zt/ ®f) = [H(Zt/ ®t) - C(lt/ Zt)] + ]Ef Z ( ol t—gf)_}_ T)T( s H_T) (209)
T=1

The first term is the static profits minus R&D expenses at time ¢. The second term is the expected
present discounted value of all static profits minus R&D expenses from time ¢ + 1 onwards.
Next, we write down the strike price (with salary payments explicitly shown) at time ¢ as:

g(Zt, @t) = V(Zt,®t) — [H(Zt,@)t) — C(it,Zt) — St] (210)

where the first term is the firm value without CEO cash compensation at time ¢, and the second term
is the cash flow to the shareholders at time ¢, which is equal to static profits minus R&D expenses
and salary payment to the manager at time t. Plugging equation (208) into equation (210), we get:

~ = s .
S(Zt, ®t) = V(Zt,®t) — St — 2 T — [H(Zt,®t) — C(zt,Zt) — St]

(147)T
S o
= Zt/ ®t Z 1 f:z: (Zt, @t) C(Zt,Zt)] (211)

where the positive and negative s; terms cancel each other out. Now, we can write down the value
from exercising a stock option (granted at time ¢t — 1 and exercised at time ¢) with salary payments

explicitly shown as follows:
V(zt,®) — (1+7)5(z¢-1,0-1)

2 s
= (V(Zt, @t Z 1 :Z:)T)

Mz

S .
L - [H(Zt*11®t71> - C(lt’l,Z_tl)])

_(1+1’) (V(Zt 1/®t 1 —|—7’)

= [V(zt,01) = (1+7)(V (ZH:@H) — [I1(z¢-1,0¢-1) — C(it-1,21-1)])]

+ (212)

where the last identity collects non-salary and salary terms in two separate groups. Note that the
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salary terms cancel each other out:

2 SiaT N Sp 14T
g, — T 4 (g ST
St 7;(1—{—7’)T+( +r>2(1—|—r)T

o Si4T St o Si 14T
= |=st— ) 77+ (1+7) + (147 ) —
Zl(l-w)T (1+r) TZ:Z(H-r)T

= t+T St+T

Therefore, we obtain the exercise value of an option in our model as:

V(Zt,®t) — (1 + 1’) (V(Zt_l, ®t—1) — [H(Zt_1,®t_1) — C(it_l,zt_l)])
= V(Zt,G)t) — (1 + V)S(Zt_1,®t_1) (213)

which concludes the derivation.

A.14 SMM estimation

The productivity increase parameter conditional on successful innovation v, the CEO disutility
parameter v, the R&D cost parameter ¥, the upper bound for the distribution of CEO influence across
firm types 7,5, and the present discounted value of CEO compensation, U. All of these parameters
are jointly estimated to match the following 7 moments: correlation between innovation and option
ratio, correlation between innovation and institutional ownership, correlation between institutional
ownership and option ratio, firm R&D intensity, CEO compensation to firm market capitalization
ratio, long-run output growth, and mean option ratio using simulated methods of moments (SMM),
which minimizes a distance criterion between key moments from actual data. SMM proceeds in the
following way: For an arbitrary value of parameter vector 6 = {+y, v, x, s, U}, the dynamic problem
is solved and the policy functions are generated. Then we use the policy functions to simulate a data
panel of (KN, T + 100) , where K is a strictly positive integer denoting the number of simulated
panel data sets, N is the number of firms in the actual data, and T is the time dimension of the
simulated data. The first 100 periods are discarded so as to start from the ergodic distribution.

Let x;; be the actual data vector, i € {1,..,N}, t € {1,..., T}, and let y;x(b) be the simulated
vector from simulation k, i € {1, ..., N}, t € {1,.., T}, and k € {1, ...,K}. The simulated data vector,
Vit (0), depends on a vector of structural parameters, 6. Define the moment conditions as:

K

EZ (1) — & L hly(6)) | = ¥4~ ¥5(0) (214)

z 1t= k—l

where h(y;(0)) is a vector of simulated moments and h(x;;) is the actual data moments. ¥4 =
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NT );tzh(xzt) TS( ) NTK ): Z Zh(yztk( ))
The simulated moments estlmator is defined as the solution to the minimization of:

0 = argmin [¥4 - ¥5(6)] W [¥4 — 95 ()] 215)
0

in which W is a positive definite matrix that converges in probability to a deterministic positive
definite matrix W. It is constructed by calculating the inverse of the variance-covariance matrix
of the data moments.>! Define Q) as the variance-covariance matrix of the data moments ¥4. Lee
and Ingram (2010) show that under the estimating null, the variance-covariance of the simulated
moments ¥°(0) is equal to +Q. Since ¥“and ¥5(0) are independent by construction, W =
[(1+3)Q] 1. Qs calculated using influence function method following Erickson and Whited
(2002).

We use a simulated annealing algorithm for minimizing the objective function. This starts with
a predefined first and second guess. For the third guess onward, it takes the best prior guess and
randomizes from this to generate a new set of parameter guesses. That is, it takes the best-fit
parameters and randomly “jumps off” from this point for its next guess. Over time the algorithm
“cools”, so that the variance of the parameter jumps falls, allowing the estimator to fine-tune
its parameter estimates around the global best fit. We restart the program with different initial
conditions to ensure the estimator converges to the global minimum. The simulated annealing
algorithm is extremely slow, which restricts the size of the parameter space that can be estimated.
Nevertheless, we use this because it is robust to the presence of local minima and discontinuities in
the objective function across the parameter space.

The simulated moments are asymptotically normal for fixed K. Denote g(8) = ¥Y# — ¥5(0). The
asymptotic distribution of 0 is given by:

V(0 —8) % N(0, avar(8)) (216)
in which
A 0g .., 08 g 08| [9g.., 08|
avar(0) = (1+ — ) [BGWBO’} [BGWQWBQ’ 89W80’ (217)

in which Q) is the probability limit of a consistent estimator of the covariance matrix. We calculate
the estimate of this covariance matrix using influence function of the moment vector clustered at
firm level following Erickson and Whited (2002).

5INote that in our estimation exercise, we target an aggregate long-run output growth rate of 2%, and an aggregate
R&D expenditures to GDP ratio of 2.91%, which are macro moments rather than moments directly taken from our firm
sample. Average firm growth rate and firm-level R&D intensity — the natural counterparts of these two macro moments —
are higher in our sample which consists of public firms from Compustat that are more innovative than the average firm in
the economy. Therefore, to compute the variance-covariance matrix, we first normalize the firm-level values for the firm
growth rate and R&D intensity such that the averages across all firms for the two moments equal the previously-mentioned
macro values via dividing all values by the same constant scalar. This normalization preserves the shape of the distribution.
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B Empirical Appendix

In this section, we present some empirical evidence which motivates our model and disciplines
the structural estimation. In particular, we are interested in the relationship between institutional
ownership, managerial compensation structure, and innovation. This information is used to disci-
pline the same elasticities in our model through indirect inference. We combine information from
USPTO Utility Patents Grant Data, Compustat North American Fundamentals, Execucomp, and
Thomson-Reuters Institutional Holdings database to construct our sample.

B.1 Data Sources

USPTO Utility Patents Grant Data: The patent grant data are obtained from the NBER Patent
Database Project and contain data for all 3,279,509 utility patents the USPTO granted between
1976 and 2006. This dataset includes extensive information on each granted patent, including
the unique patent number, a unique identifier for the assignee, the nationality of the assignee,
the technology class, and backward and forward citations in the sample up to 2006. Following a
dynamic assignment procedure, we link this dataset to the Compustat dataset.

Compustat North American Fundamentals: We draw our main sample from Compustat for
publicly traded firms in North America. This dataset contains balance sheets reported annually
by companies between 1974 and 2006. It comprises 29,378 different companies, and 390,467
firm x year observations. The main variables of interest are net sales, employment, firm age (defined
as the time since entry into the Compustat sample), SIC code, R&D expenditures, total liabilities, net
income, and plant property and equipment as a proxy for physical capital.

Executive Compensation Data (Execucomp): Standard and Poor’s Execucomp provides detailed
information for all components of CEO compensation from 1992 forward. This information is used
to construct our CEO compensation measures.

Thomson-Reuters Institutional Holdings (13F) database: We obtain institutional ownership
information from the Thomson-Reuters Institutional Holdings (13F) database. This dataset compiles
Securities and Exchange Commission (SEC) Form 13-F filings of institutional holdings. It provides
institutional common stock holdings and transactions, as reported on Form 13F filed with the SEC.
Under rule 13(f), all institutional investors managing more than $100 million in equity are required
to report all equity holdings greater than 10,000 shares or $200,000 in market value to the SEC on

a quarterly basis.

B.2 Variable Construction

Average Patent Citations: Our first measure of disruptive innovations is the number of citations
a patent received as of 2006. We use the truncation correction weights devised by Hall, Jaffe,
and Trajtenberg (2001) to correct for systematic citation differences across different technology
classes and for the fact that earlier patents have more years during which they can receive citations
(truncation bias). The average patent citations of a firm in a year are computed as the average
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number of citations received by the patents for which the firm applied in that year. This is a scale-free
variable.

Tail Innovations: The tail innovation index is defined as the fraction of a firm’s patents that
are in the top p% of all the patents according to number of citations received among all patents
applied for in that year as in Acemoglu, Akcigit, and Celik (2022). Specifically, let s¢;(p) denote the
fraction of a firm’s patents that are above the p'" percentile of the year t distribution according to
citations. Our baseline tail innovation index, Tails,(p), is simply s¢(0.90) /s¢(0), and thus measures
the fraction of patents by firm f at time ¢ with citations above the 90th percentile. The variable is
multiplied by 100 for ease of inspection.

Average Originality: We use the originality index devised by Hall, Jaffe, and Trajtenberg (2001).
Let i € I denote a technology class and s;; € [0,1] denote the share of citations that patent j
makes to patents in technology class i (with ) ;c;s;; = 1). Then for a patent j that makes positive
citations, we define: Originality; = 1 — )¢, 512] This index thus measures the dispersion of the
citations made by a patent in terms of the technology classes of cited patents. Greater dispersion
of citations is interpreted as a sign of greater originality, since the patented innovation combines
information from a diverse range of technological fields. The patent classes used in the baseline
analysis are the 36 two-digit technological subcategories defined in Hall, Jaffe, and Trajtenberg
(2001). For robustness, the same measures are recalculated using the three-digit International Patent
Classification categories, and the US Patent Class categories assigned internally by the USPTO. The
average originality of a firm’s innovation in a given year is the average originality of all the patents
for which the firm applied in that year. The variable is multiplied by 100 for ease of inspection.

CEO Compensation Measures: We define the empirical measures of the compensation compo-
nents to be consistent with the model as follows. Equity compensation is defined as the value of
equity awarded to the manager as reported in Execucomp. For option compensation, we use the
CEO’s granted options value calculated using the Black-Scholes formula. Finally, salary compensa-
tion is defined following Dittmann and Maug (2007) as the sum of salary and bonus. Thus, the
option/income ratio is the income from options divided by total compensation, the share/income
ratio is the value of shares awarded divided by total compensation, and the deferred ratio is the sum
of the two. Table C6 reports the summary statistics for the final sample we use.

Institutional Ownership: We obtain institutional ownership information from the Thomson-
Reuters Institutional Holdings (13F) database. This dataset compiles Securities and Exchange
Commission (SEC) Form 13-F filings of institutional holdings. It provides institutional common
stock holdings and transactions, as reported on Form 13F filed with the SEC. Under rule 13(f), all
institutional investors managing more than $100 million in equity are required to report all equity
holdings greater than 10,000 shares or $200,000 in market value to the SEC on a quarterly basis.
Institutional ownership is defined as the fraction of shares owned by institutional investors.

B.3 Institutional Ownership, Managerial Compensation, and Disruptive Innovations

The main estimating equations are:
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innovation;;, 1 = & inst ownership;; + X/, B+ s + 0t + €i141 (218)
pay structure;,, ; = < inst ownership;, + X}, B+ &s + vt + €41 (219)
innovation;; 1 = 6 pay structure;, , | + X}, B+ 85 + 0t + €ir11 (220)

where innovation;;, inst ownership;;, and pay structure;, are the measures of disruptive innovations,
institutional ownership fraction, and CEO compensation structure respectively for firm i in year ¢; X;;
is a vector of control variables including firm size, firm age,’? R&D stock,>® stock price volatility,>*
and leverage; J; denotes a full set of four-digit main SIC fixed effects, so that the comparisons are
always across firms within a narrowly defined industry; v; denotes a full set of year fixed effects.
Finally, €;;,1 denotes the error term.

The results are presented in Tables B1 through B4. Table B1 reports the results of the first
estimating equation. The three columns of Table B1 correspond to three different measures of
disruptive innovation: tail innovations, average patent quality, and average originality. In all three
cases, firms with higher institutional ownership tend to carry out more disruptive innovations. All
else equal, when institutional ownership increases by one percentage point (pp), tail innovation
increases by 0.0314 pp, average citations of patents increase by 2.927 pp, and average patent
originality index increases by 0.0529 pp. In economic terms, one standard deviation increase in
institutional ownership is associated with a 21.7% increase in tail innovations compared to its mean;
and this number is 17.9% and 13.9% for average patent quality and average originality respectively.
These results are consistent with earlier findings in Aghion, Van Reenen, and Zingales (2013) who
use total patent citations as their measure of innovation, a scale-dependent measure.

Table B2 reports the results of the second estimating equation. Firms with high institutional
ownership tend to adopt more incentivized managerial compensation contracts, featuring a higher
fraction of deferred income, which is defined as the fraction of stock and options in the CEO’s
total compensation. This is consistent with earlier findings between institutional ownership and
pay-for-performance sensitivity in Hartzell and Starks (2003). Ceteris paribus, a one percentage
point increase in the institutional ownership fraction is associated with a 0.258 pp increase in
deferred ratio, a 0.232 pp increase in the option/income ratio, and a 0.026 pp increase in the
share/income ratio. The decomposition of deferred income into option and stock income reveals that
the positive association is largely driven by the positive association between institutional ownership
and option/income ratio. This is a recurring pattern in the remainder of the empirical analysis, and
this is the primary reason underlying our choice in picking stock options (as opposed to stocks) as
the state-contingent component of manager compensation in our quantitative model.

We report the relationship between managerial compensation structure and innovation in Table
B3. We find that a higher deferred ratio is positively associated with disruptive innovation as

52The firm age is calculated as the difference between the current year and the year in which the firm first entered the
Compustat sample. The results are unchanged if one uses the initial public offering year instead.

53This is a discounted sum of past R&D expenditures as in Aghion, Van Reenen, and Zingales (2013).

54Stock price volatility (CV price) is the coefficient of variation of the daily stock price, obtained from the CRSP database.
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TABLE B1:

INSTITUTIONAL OWNERSHIP AND FIRM INNOVATION

Tail Innov Avg. citations Avg. originality
institutional ownership 3.142 2.927 5.290
(0.387)*** (0.361)**"’“ (0_554)***
size 0.269 0.388 0.740
(0.061)*** (0.057)*%* (0.098)***
log(R&D stock) 0.897 0.944 2.646
(0.067)*** (0.066)*** (0.109)***
leverage -1.897 -2.141 -3.296
(0.403)*** (0.397)*** (0.541)***
age -0.048 -0.030 0.018
(0.007)*** (0.007)*** (0.014)
CV price -0.516 -0.315 0.237
(0.452) (0.387) (0.562)
R? 0.11 0.16 0.30
N 55,013 55,013 55,013

Notes: Robust standard errors in parentheses are clustered at the firm level. *** p<0.01, ** p<0.05, * p<0.1.

TABLE B2: INSTITUTIONAL OWNERSHIP AND MANAGERIAL COMPENSATION STRUCTURE

deferred ratio

option/income ratio

share/income ratio

institutional ownership
size

log(R&D stock)
leverage

age

CV price

RZ
N

0.258
(0.019)***
0.028
(0.004)***
0.016
(0.002)***
-0.020
(0.022)
-0.001
(0.000)***
0.100
(0.026)***
0.22
16,425

0.232
(0.018)***

0.019
(0.004)***
0.017
(0.002)***
-0.037
(0.021)*
-0.002
(0.000) ***
0.115
(0'026) Kk

0.22
16,425

0.026
(0.008)***
0.009
(0.002)***
-0.001
(0.001)
0.016
(0.009)*
0.000
(0.000)***
-0.014
(0.010)

0.13
16,425

Notes: Robust standard errors in parentheses are clustered at the firm level. *** p<0.01, ** p<0.05, * p<0.1.



measured by tail innovations, average patent quality, and average originality. Columns 1, 4, and
7 of Table B3 present fixed effect panel regressions of disruptive innovation on the deferred ratio.
When deferred ratio increases by one percentage point, tail innovations increase by 1.256 pp,
average patent citations increase by 1.156 pp, and average patent originality increases by 1.521
pp.°> Columns 2, 5, and 8 of this table repeat the specification in columns 1, 4, and 7, further
controlling for institutional ownership. We find that the positive relationship between deferred
ratio and innovation is still positive and statistically significant after controlling for institutional
ownership, which itself is positive but statistically insignificant at 10%. We further decompose the
deferred ratio into the option/income ratio and share/income ratio in columns 3, 6, and 9. We
find that the positive correlation between the deferred ratio and innovation is mainly driven by the
option/income ratio.

These findings are consistent with previous studies in the literature such as Coles, Daniel, and
Naveen (2006) and Panousi and Papanikolaou (2012), which find that CEO compensation contracts
with higher pay-for-performance components, and especially stock options, tend to encourage the
CEOs to take more risk. This is also consistent with Mao and Zhang (2018) who find that dampened
managerial risk-taking incentive leads to a significant reduction in innovation. We want to highlight
that these regressions suggest institutional ownership’s positive association with innovation is largely
realized through its effect on managerial compensation structure — the coefficients of deferred ratio
and option/income ratio are always statistically significant, but institutional ownership itself is
not. For economic significance, we can compare the standardized coefficients (betas). In column 2,
these are 2.555% vs. 0.542% for deferred ratio and institutional ownership. In column 3, these are
2.642% vs. 0.539% for option/income ratio and institutional ownership. The dominance pattern is
similar for the remaining columns. In our model, institutional ownership affects innovation through
its impact on managerial compensation structure, consistent with these results.>®

Lending credence to our claims in the introduction and the model regarding the effects of
corporate governance and innovation on firm value and profitability, we find that institutional
ownership is positively associated with firm value, and firms with more disruptive innovations tend
to have a higher market-to-book ratio. The results are shown in Table C7.

B.4 Robustness and Instrumental Variable Regressions

The coefficient of institutional ownership may be biased if large institutional shareholders select
firms in which to invest on the basis of characteristics that are observable to them, but not to
the econometrician. For example, large institutions might invest in firms when they anticipate
an increase in their innovation. One can also theorize that firms might adopt more incentivized
CEO contracts in order to attract institutional investors. To mitigate such concerns, Hartzell and

55Note that we multiply tail innovations and originality by 100 for ease of inspection.

56In an extended model with a direct effect of institutional ownership on innovation (i.e., through mechanisms other
than managerial compensation), the parameter that governs the strength of this new mechanism is estimated to be small
to remain consistent with the insignificance result obtained here. Therefore, we abstract from a direct effect in our
baseline model to keep the model as tractable as possible.
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°7 as an instrument for institutional ownership. Share turnover

Starks (2003) use share turnover
is argued to be a reasonable instrument since it is correlated with institutional ownership, but
unlikely to affect the managerial compensation structure directly. To mitigate similar concerns,
Aghion, Van Reenen, and Zingales (2013) use inclusion in the S&P 500 index as an instrument
for institutional ownership’s effect on innovation. They argue that S&P 500 inclusion can serve
as a reasonable instrument for institutional ownership, since an S&P 500 firm is more likely to
attract institutional investors. One major reason is that fund managers are typically benchmarked
against the S&P 500, which creates an incentive for them to weight their portfolio toward S&P 500
firms. S&P inclusion, however, is less likely to be correlated with disruptive innovations. Standard
and Poor’s explicitly states that the decision of whether or not to include a firm in the S&P 500 or
not is not an opinion on that company’s investment potential. It mainly depends on whether the
firm can represent a certain sector well. Hence, Aghion, Van Reenen, and Zingales (2013) argue
that the exclusion restriction is likely to be satisfied. If we use the IVs proposed by Hartzell and
Starks (2003) and Aghion, Van Reenen, and Zingales (2013), the associations remain positive and
statistically significant. The results are shown in Table B4. While we make no claims regarding the
validity of these instruments,”® the fact that the relationships are robust to using these proposed IVs
is reassuring.

We do a sanity check for our model’s hypothesized direction of causality between institutional
ownership and managerial compensation structure in Table C8 and Table C9. In column 1 of
Table C8, we regress the deferred ratio on lagged institutional ownership. In column 2, we regress
institutional ownership on the lagged deferred ratio. In both regressions, we control for the lagged
dependent variable, other covariates, and year and industry dummies as in the baseline regressions.

All estimated coefficients are standardized (betas) so their magnitudes are comparable. We find
that lagged institutional ownership has a much stronger association with the deferred ratio than
vice versa, consistent with what our model would imply. We perform similar tests for the correlation
between the option/income ratio and institutional ownership in Table C9 and obtain similar results.

To mitigate the concern that the correlation between institutional ownership is driven by certain
special industries, such as high-tech industries or pharmaceuticals, we test the baseline results by
dividing the whole sample into subsamples of high-tech and low-tech firms.>® The same exercise
is repeated for pharmaceutical and non-pharmaceutical firms. The results are shown in Section C.
The results are quite similar for the high-tech and low-tech subsamples, and the same is true for the

non-pharmaceutical subsample.

57Share turnover is defined as the average daily volume of traded shares, normalized by the number of common shares
outstanding. This information is obtained from the CRSP database.

58We direct the readers to the original papers for the full argumentation regarding validity.

59High-tech firms are those in SIC 35 and 36, which include industrial and commercial machinery and equipment and
computer equipment, and electronic and other electrical equipment and components. Low-tech firms constitute the rest.
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TABLE B3: MANAGERIAL COMPENSATION STRUCTURE AND FIRM INNOVATION

Tail Innov. Avg. Citations Avg. Originality
deferred ratio 1.256 1.263 1.156 1.055 1.521 1.406
(0.518)** (0.524)** (0.562)** (0.571)* (0.556)*** (0.555)**
size 0.412 0.398 0.401 0.495 0.452 0.451 1.158 1.133 1.136
(0.160)**  (0.161)**  (0.161)**  (0.150)***  (0.151)***  (0.150)***  (0.243)***  (0.247)***  (0.247)***
log(R&D stock) 0.804 0.805 0.803 0.840 0.851 0.852 2.145 2.147 2.145
(0.121)*** (0.121)*** (0.122)*** (0.119)*** (0.119)*** (0.119)*** (0.203)*** (0.204) *** (0.204)***
leverage -2.759 -2.778 -2.768 -3.893 -3.916 -3.918 -4.266 -4.248 -4.239
(1.019)***  (1.019)***  (1.018)***  (1.225)***  (1.244)***  (1.241)***  (1.339)***  (1.357)***  (1.356)***
age -0.047 -0.047 -0.047 -0.031 -0.031 -0.031 0.029 0.030 0.030
(0.013)*** (0.013)*** (0.013)*** (0.012)*** (0.012)*** (0.012)*** (0.023) (0.023) (0.023)
CV price 0.755 0.771 0.757 1.578 1.708 1.711 2.234 2.564 2.551
(1.259) (1.292) (1.293) (1.158) (1.175) (1.175) (1.423) (1.458)* (1.458)*
inst ownership 0.410 0.408 1.387 1.387 0.744 0.742
(0.935) (0.935) (0.903) (0.903) (1.206) (1.206)
option/income ratio 1.329 1.038 1.466
(0.565)** (0.620)* (0.592)**
share/income ratio 0.784 1.179 0.970
(0.767) (0.759) (1.318)
R? 0.18 0.18 0.18 0.24 0.24 0.24 0.40 0.40 0.40
N 16,438 16,371 16,371 16,438 16,371 16,371 16,438 16,371 16,371

Notes: Robust asymptotic standard errors reported in parentheses are clustered at the firm level. The sample period is from 1992 to 2004 at annual frequency. All
specifications control for year dummies and a full set of four-digit SIC industry dummies unless mentioned otherwise. See Section B.2 for detailed variable definitions.
% 5<0.01, ** p<0.05, * p<0.1.



We further probe the robustness of our baseline results by replacing the four-digit SIC dummies
in our baseline specification with two-digit or three-digit SIC dummies, and Blundell, Griffith, and
Van Reenen (1999) firm fixed effects. The results are shown in Section C. The estimates are once
again very close to those in our baseline regressions, although significance is somewhat reduced
in the case of firm fixed effects regressions for specifications where the number of observations is
low. The signs, however, are maintained. This result is not unexpected, as most of the variation in
explanatory variables is driven by cross-sectional differences.

TABLE B4: INSTRUMENTING INSTITUTIONAL OWNERSHIP WITH S&P 500 INCLUSION AND SHARE

TURNOVER
deferred ratio Tail Innov Avg. citations Avg. originality
institutional ownership 0.978 35.320 30.663 58.580
(0.108)*** (11.268)*** (10.365)*** (17.786)***
size -0.004 -2.029 -1.593 -3.066
(0.007) (0.808)** (0.740)** (1.278)**
log(R&D stock) 0.022 1.220 1.222 3.181
(0.003)*** (0.142)*** (0.127)%** (0.215)%**
leverage 0.007 2.222 1.409 3.527
(0.026) (1.534) (1.410) (2.381)
age -0.001 -0.126 -0.097 -0.112
(0.000) *** (0.029)*** (0.027)*** (0.045)**
CV price 0.235 2.845 2.583 5.804
(0.038)*** (1.287)** (1.164)** (2.033)***
N 16,425 55,013 55,013 55,013
instrument share turnover S&P 500 S&P 500 S&P 500
first stage 5.249 0.048 0.048 0.048
(0.515)*** (0.012)*** (0.012)%** (0.012)***

We are also interested in whether the decision to include certain firms or firm-year observations
influences the results. One can think of three different specifications: (i) including all observations,
(ii) focusing only on firms that have patents, and (iii) focusing only on firm-year observations which
have a non-zero number of patents. Our results go through with all three different specifications,
where our baseline results correspond to the first case. The results for the latter two specifications
are included in Section C. The results are very similar, suggesting that the relationships we find hold
regardless of whether one considers the intensive or the extensive margin in generating disruptive
innovations.

Finally, we further check the robustness of the baseline results by adding additional control
variables: log employment, log sales, log physical capital, asset maturity, S&P rating, investment
grade, total compensation, profitability, g-index, self-citation fraction, the stock of unvested stock
options, and Tobin’s Q. We also test the correlation between institutional ownership and alternative
dependent variables: total market value of patents from Kogan, Papanikolaou, Seru, and Stoffman
(2017), total tail innovations, total citations, total patents weighted by their originality, citations
within 5 years, originality based on USPC and 3-digit IPC technological subcategories, different cut-
offs for tail innovations, citations weighted by total patent count in a year, and citations excluding
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self-citations. The baseline results still hold with additional control variables, with alternative
dependent variables, and alternative corporate governance measures such as proxies of board
independence, and institutional ownership excluding (as well as only including) quasi-indexers.

B.5 Option Vesting and Innovation

There is a concern that CEOs might reduce investment in R&D in order to boost the current stock
price in quarters in which their options or equity vest (for instance, see Edmans, Fang, and Lewellen
(2017).) This raises a question as to whether our results regarding the positive correlation between
innovation and option-to-income ratio still hold when CEOs have this short-term concern regarding
the current stock price. In order to check if our results are robust to this concern, we control for
both the number and the value of options the CEOs exercise in the current year. The results are
presented in Tables C51 and C52, respectively. In both tables, we find that the coefficients of the
number and value of exercised options are insignificant, and our main results go through unchanged.
This finding is not surprising, in that Edmans, Fang, and Lewellen (2017) already find the short-term
effect on investment in R&D to disappear and reverse within the next three quarters. Therefore, at
the annual level, the insignificance is to be expected.

B.6 Controlling for Additional Financial Constraint Proxies and Distance-to-Default

In the baseline empirical results, we already control for leverage to account for financial frictions
the firm faces. To further check the robustness of our results, we first use the Whited-Wu Index
developed in Whited and Wu (2006). The results are displayed in Table C53. The coefficient of
the index is positive for tail innovation and average citations, and negative for originality. In all
cases, they remain statistically insignificant, whereas the coefficient of the leverage is still significant
and negative. Our main results still hold with slightly different magnitudes, but the same degree of
significance.

An additional concern is that the CEOs of firms that are close to bankruptcy might overinvest
in risky projects. To establish the robustness of our results to this concern, we first create the
distance-to-default and the implied default probabilities following Merton (1974) and Gilchrist and
Zakrajsek (2012). Based on the implied default probabilities, we create an indicator variable that
denotes whether a firm is close to default or not.° We repeat our baseline regressions controlling
for this variable, the results of which are displayed in Table C54. We find the coefficient to be
negative but insignificant in all specifications. This tells us that the direct effect of being close to
default manifests as a reduction in the quality of innovation. Our main results remain robust to this
additional concern.

C Additional Tables and Figures

60We pick the mean of the implied default probability in the sample as our threshold.
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A. Parameter estimates

TABLE C1: SHORT-TERMISM MODEL PARAMETERS AND TARGET MOMENTS

Parameter Value Description Identification

External Estimation
1) 0.069 capital depreciation rate US NIPA
c 0.150 productivity share in production Corrado, Hulten, and Sichel (2009)
K 0.250 capital share in production Corrado, Hulten, and Sichel (2009)
A 0.600 labor share in production Corrado, Hulten, and Sichel (2009)
w 2.000 CRRA parameter Kaplow (2005)
B 0.982 discount factor risk-free rate
Oe 0.1916 std. of temporary productivity shock std. of profitability

Internal Estimation
0% 0.524 innovation productivity increase output growth rate
v 310.39 CEO disutility B(innovation, option ratio)
X 1.443 R&D cost scale parameter R&D intensity
Hub 0.0014 upper bound of CEO influence B(innovation, inst own), B(option ratio, inst own)
u 0.339 PDV of CEO compensation mean option ratio, CEO pay/market cap
¢ 261.678 cost of missing EPS target compensation loss
A 0.619 short-term pressure fraction of binding firms

B. Moments

Target Moments Data Model
B(innovation, inst own) 0.048 0.028
B(innovation, option ratio) 0.025 0.030
B(option ratio, inst own) 0.029 0.032
R&D intensity 2.91% 2.76%
CEO pay/market cap 0.31% 0.32%
Output growth rate 2.00% 2.00%
Mean option ratio 36.16% 35.48%

Compensation loss 8.63% 8.54%
Fraction of binding firms 40.70% 40.00%

Notes: The estimation is done with the simulated method of moments, which chooses model parameters by matching the moments from a simulated panel of firms to the
corresponding moments from the data. Panel A reports the estimated parameters. Panel B reports the simulated and actual moments. All correlations are standardized
correlation coefficients (betas), i.e. the variables are standardized by subtracting their mean and dividing by their standard deviation, both in the model and the data.
See Section 4.1 for details.
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TABLE C2: MODEL PARAMETERS AND TARGET MOMENTS: EARLY AND LATE SUBSAMPLES

A. Parameter estimates

Parameter Early Subsample

Late Subsample

Description

Identification

Internal Estimation

0% 0.449 (0.0110) 0.339 (0.0031) innovation productivity increase  output growth rate
v 207.14 (4.0681) 212.99 (5.9735)  CEO disutility B(innovation, option ratio)
X 0.626 (0.0250) 1.090 (0.0036) R&D cost scale parameter R&D intensity
N 0.0013 (0.00004)  0.0013 (0.0001)  upper bound of CEO influence B(innovation, inst own), B(option ratio, inst own)
u 0.190 (0.0041) 0.517 (0.0151) PDV of CEO compensation mean option ratio, CEO pay/market cap
B. Moments

Early Subsample Late Subsample
Target Moments Data Model Data Model
B(innovation, inst own) 0.056 0.057 0.043 0.033
B(innovation, option ratio) 0.029 0.058 0.048 0.033
B(option ratio, inst own) 0.024 0.033 0.028 0.033
R&D intensity 2.91% 3.04% 2.91% 2.87%
CEO pay/market cap 0.24% 0.24% 0.36% 0.37%
Output growth rate 2.54% 2.53% 1.54% 1.54%
Mean option ratio 30.14% 31.39% 40.56% 40.29%

Notes: The estimation is done with the simulated method of moments, which chooses model parameters by matching the moments from a simulated panel of firms to the
corresponding moments from the data. Panel A reports the estimated parameters. Panel B reports the simulated and actual moments. All correlations are standardized

correlation coefficients (betas), i.e. the variables are standardized by subtracting their mean and dividing by their standard deviation, both in the model and the data.
See Section 4.1 for details.
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TABLE C3: MODEL PARAMETERS AND TARGET MOMENTS (EXOGENOUS GROWTH (50%))

A. Parameter estimates

Parameter Value Description Identtification
External Estimation
) 0.069 capital depreciation rate US NIPA
o 0.150 productivity share in production Corrado, Hulten, and Sichel (2009)
K 0.250 capital share in production Corrado, Hulten, and Sichel (2009)
A 0.600 labor share in production Corrado, Hulten, and Sichel (2009)
w 2.000 CRRA parameter Kaplow (2005)
B 0.982 discount factor risk-free rate
Internal Estimation
0% 0.223 innovation productivity increase output growth rate
v 206.36 CEO disutility B(innovation, option ratio)
X 0.609 R&D cost scale parameter R&D intensity
Hub 0.0008 upper bound of CEO influence B(innovation, inst own), B(option ratio, inst own)
u 0.360 PDV of CEO compensation mean option ratio, CEO pay/market cap
B. Moments
Target Moments Data Model
B(innovation, inst own) 0.048 0.042
B(innovation, option ratio) 0.025 0.043
B(option ratio, inst own) 0.029 0.033
R&D intensity 2.91% 1.66%
CEO pay/market cap 0.31% 0.31%
Output growth rate 2.00% 2.00%
Mean option ratio 36.16% 31.83%

Notes: The estimation is done with the simulated method of moments, which chooses model parameters by matching the moments from a simulated panel of firms to the
corresponding moments from the data. Panel A reports the estimated parameters. Panel B reports the simulated and actual moments. All correlations are standardized
correlation coefficients (betas), i.e. the variables are standardized by subtracting their mean and dividing by their standard deviation, both in the model and the data.
See Section 4.1 for details.



TABLE C4: IDENTIFICATION: JACOBIAN MATRIX

14 X Nu u Y
B(innov,n) 0.5396 -0.9018 -0.9931 0.4638 -0.0955
B(innov, option) 0.1984 -0.9039 -0.9112 0.4610 -0.0612
B(option,n) 0.2878 -0.0033 -0.0270 0.0088 -0.0172
R&D Intensity -0.4498 0.4062 -0.8878 -0.0687 -0.0487
CEO pay/market cap -0.2423 -0.2338 -0.5529 0.8953 1.0631
Output growth rate -0.1780 -0.2424 -0.3421 -0.0521 0.9164
Mean option ratio 0.4211 -0.4631 -0.7044 0.7059 0.2875

Notes: This table shows the Jacobian matrix associated with the estimation of the baseline model. Each entry of the
matrix reports the percentage change in each moment given one percent increase in each parameter.

TABLE C5: COUNTERFACTUAL EXPERIMENT: THE IMPACT OF REDUCED AGENCY FRICTIONS IN THE
BASELINE MODEL (EXOGENOUS GROWTH (50%))

Baseline Reduced CEO Reduced CEO Reduced CEO
Influence (25%) Influence (50%) Influence (100%)

Output growth rate 2.00% 2.05% 2.10% 2.24%
R&D intensity 1.66% 1.81% 2.00% 2.64%
Mean option ratio 31.83% 34.74% 38.24% 47.14%
Mean innovation probability 23.33% 24.42% 25.71% 29.21%
Consumption/output 0.80 0.80 0.80 0.79

Welfare change - 0.7% 1.5% 3.5%
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TABLE C6: SUMMARY STATISTICS

Variable Number of Observations Mean Std. Dev.
tail innovation 55,013 3.78 14.21
average patent quality 55,013 4.29 12.79
average patent originality 55,013 9.86 18.57
log(1 +total patent count) 55,013 0.58 1.19
institutional ownership 55,013 0.34 0.26
deferred ratio 16,425 0.41 0.31
option/income ratio 16,425 0.36 0.30
share/income ratio 16,425 0.05 0.13
market-to-book ratio 54,698 2.17 2.25
log(firm assets) 55,013 5.21 2.07
log(R&D stock) 55,013 1.85 2.20
leverage 55,013 0.22 0.21
firm age 55,013 14.58 12.59
stock price volatility (CV price) 55,013 0.22 0.16
share turnover 55,013 0.01 0.01
S&P 500 inclusion 55,013 0.11 0.31

Notes: This table reports the summary statistics of variables used in the empirical analysis. The average patent citations
of a firm in a year are computed as the average number of citations received by the patents the firm applied for in that
year. Tail innovation is defined as the fraction of a firm’s patents that are in the top 10% of all the patents according to
number of citations received among all patents applied for in that year as in Acemoglu, Akcigit, and Celik (2022). The
average originality of a firm’s innovation in a given year is the average originality of all the patents the firm applied for
in that year. Equity compensation is defined as the value of equity awarded to the manager as reported in Execucomp.
For option compensation, we use the CEO’s granted options value calculated using the Black-Scholes formula. Thus, the
option/income ratio is the income from options divided by total compensation, the share/income ratio is the value of
shares awarded divided by total compensation, and the deferred ratio is the sum of the two. See Section B.2 for more
details.
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TABLE C7: INSTITUTIONAL OWNERSHIP, INNOVATION, AND FIRM VALUE

MTB Ratio MTB Ratio MTB Ratio MTB Ratio MTB Ratio

institutional ownership 0.640

(0.066)***
size -0.244 -0.189 -0.192 -0.187 -0.200
(0.018)**x (0.012)%*x (0.012)*** (0.012)%** (0.012)%**
log(R&D stock) 0.157 0.113 0.108 0.109 0.073
(0.013)*** (0.010)*** (0.010)*** (0.010)*** (0.011)***
leverage -0.366 -0.524 -0.516 -0.537 -0.530
(0.096)*** (0.063)*** (0.063)*** (0.063)*** (0.063)***
age -0.009 -0.007 -0.007 -0.008 -0.008
(0.001)*** (0.001)*** (0.001)*** (0.001)*** (0.001)***
CV price 0.086 0.343 0.339 0.353 0.347
(0.085) (0.068)*** (0.068)*** (0.068)*** (0.068)***
tail innovation 0.008
(0.001)***
avg patent quality 0.012
(0.001)***
avg originality 0.006
(0.001)***
log patcount 0.148
(0.015)***
R? 0.17 0.18 0.18 0.18 0.18
N 54,698 97,531 97,531 97,531 97,531

Notes: Robust asymptotic standard errors reported in parentheses are clustered at the firm level. The sample period is
from 1990 to 2004 at annual frequency. All specifications control for year dummies and a full set of four-digit SIC industry
dummies unless mentioned otherwise. See the text and notes to Table C6 and Section B.2 for detailed variable definitions.
* %k xp < 0.01, % * p < 0.05,xp < 0.1.
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TABLE C8: INSTITUTIONAL OWNERSHIP AND DEFERRED RATIO —

CURRENT AND LAGGED

Deferred Ratio

Inst. Ownership

institutional ownership 0.211
(0.015)***
deferred ratio 0.228
(0.010)***
R? 0.26
N 14,540

0.788
(0.007);‘:**
0.000
(0.003)

0.74
14,842

Notes: Robust asymptotic standard errors reported in parentheses are clustered at the firm level. The sample period is
from 1992 to 2004 at annual frequency. Both regressions control for year dummies and a full set of four-digit SIC industry
dummies and other covariates in the baseline regressions. See the text and notes to Table C6 and Section B.2 for detailed

variable definitions. * % xp < 0.01, % * p < 0.05, *p < 0.1.

TABLE C9: INSTITUTIONAL OWNERSHIP AND OPTION/INCOME RATIO

— CURRENT AND LAGGED

Option/Income Ratio

Inst. Ownership

institutional ownership e
(0.014)%**
option/income ratio 0.241
(0.010)***
v 0.27
: 14,540

0.788
(0.006)*++
-0.001
(0.003)

0.74
14,842

Notes: Robust asymptotic standard errors reported in parentheses are clustered at the firm level. The sample period is

from 1992 to 2004 at annual frequency. Both regressions control for year dummies and

a full set of four-digit SIC industry

dummies and other covariates in the baseline regressions. See the text and notes to Table C6 and Section B.2 for detailed

variable definitions. * % xp < 0.01, % * p < 0.05, xp < 0.1.

50



TABLE C10: INSTITUTIONAL OWNERSHIP AND FIRM INNOVATION — PATENTING FIRMS

Tail Innowv. Avg. Citations Avg. Originality
institutional ownership 4.946 4.702 6.597
(0.704)*** (0.642)*** (0.885)***
size 0.262 0.390 1.283
(0.126)** (0.114)*** (0.178)***
log(R&D stock) 0.691 0.757 1.913
(0.104)*** (0.099) *** (0.158)%**
leverage -2.965 -3.127 -5.279
(0.854)*** (0.786)*** (1.032)***
age -0.097 -0.078 -0.077
(0.012)*** (0.011)*** (0.020)%**
CV price -1.010 -0.619 0.791
(0.926) (0.774) (1.056)
R? 0.09 0.15 0.19
N 28,945 28,945 28,945

Notes: These regression results are based on a restricted subsample of firm-year observations requiring the firms to receive
at least one patent within the period 1976-2004. Robust asymptotic standard errors reported in parentheses are clustered
at the firm level. The sample period is from 1990 to 2004 at annual frequency. All specifications control for year dummies
and a full set of four-digit SIC industry dummies unless mentioned otherwise. * % xp < 0.01,* % p < 0.05, xp < 0.1.

TABLE C11: INSTITUTIONAL OWNERSHIP AND MANAGERIAL COMPENSATION STRUCTURE — PATENTING

FIRMS
Deferred Ratio Option/Income Ratio Share/Income Ratio

institutional ownership 0.254 0.231 0.022

(0.024)%*+ (0.024) %% (0.010)**
size 0.029 0.021 0.008

(0.005)*** (0.005)*** (0.002)***
log(R&D stock) 0.013 0.014 -0.001

(0.003)*** (0.003)*** (0.001)
leverage -0.046 -0.067 0.021

(0.029) (0.028)** (0.013)

age -0.001 -0.002 0.000

(0.000) *** (0.000)*** (0.000)**
CV price 0.108 0.132 -0.025

(0.032)*** (0.032)*** (0.010)**
R? 0.24 0.25 0.14
N 11,004 11,004 11,004

Notes: These regression results are based on a restricted subsample of firm-year observations requiring the firms to receive
at least one patent within the period 1976-2004. Robust asymptotic standard errors reported in parentheses are clustered
at the firm level. The sample period is from 1992 to 2004 at annual frequency. All specifications control for year dummies
and a full set of four-digit SIC industry dummies unless mentioned otherwise. * % xp < 0.01,* % p < 0.05, *xp < 0.1.
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TABLE C12: MANAGERIAL COMPENSATION STRUCTURE AND FIRM INNOVATION: TAIL INNOVATION —
PATENTING FIRMS

Tail Innov. Tail Innov. Tail Innov.
Deferred Ratio 2.081 2.067
(0.792)*** (0.799)***
size 0.171 0.142 0.147
(0.241) (0.239) (0.238)
log(R&D stock) 0.643 0.644 0.641
(0.155)*** (0.156)*** (0.156)***
leverage -2.414 -2.430 -2.400
(1.550) (1.533) (1.532)
age -0.078 -0.077 -0.076
(0.018)*** (0.018)*** (0.018)***
CV price -0.054 0.051 0.010
(1.812) (1.832) (1.835)
Inst. Ownership 0.949 0.941
(1.447) (1.447)
Option/Income Ratio 2.200
(0.857)**
Share/Income Ratio 1.098
(1.153)
R? 0.16 0.16 0.16
N 11,013 10,980 10,980

Notes: These regression results are based on a restricted subsample of firm-year observations requiring the firms to receive
at least one patent within the period 1976-2004. Robust asymptotic standard errors reported in parentheses are clustered
at the firm level. The sample period is from 1992 to 2004 at annual frequency. All specifications control for year dummies
and a full set of four-digit SIC industry dummies unless mentioned otherwise. % xp < 0.01,% % p < 0.05,*p < 0.1.
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TABLE C13: MANAGERIAL COMPENSATION STRUCTURE AND FIRM INNOVATION:

QUALITY — PATENTING FIRMS

AVERAGE PATENT

Avg. Citations

Avg. Citations

Avg. Citations

Deferred Ratio 2.035 1.923
(0.868)** (0.879)**
size 0.221 0.170 0.171
(0.225) (0.222) (0.221)
log(R&D stock) 0.690 0.703 0.702
(0.143) %+ (0.143)¥*+ (0.142)%*+
leverage -3.059 -3.083 -3.076
(1.739)* (1.749)* (1.743)*
age -0.058 -0.058 -0.058
(0.015)*** (0.015)*** (0.015)***
CV price 1.260 1.443 1.433
(1.635) (1.635) (1.633)
Inst. Ownership 1.695 1.693
(1.388) (1.389)
Option/Income Ratio 1.954
(0.950)**
Share/Income Ratio 1.700
(1.119)
R? 0.24 0.24 0.24
N 11,013 10,980 10,980

Notes: These regression results are based on a restricted subsample of firm-year observations requiring the firms to receive
at least one patent within the period 1976-2004. Robust asymptotic standard errors reported in parentheses are clustered
at the firm level. The sample period is from 1992 to 2004 at annual frequency. All specifications control for year dummies
and a full set of four-digit SIC industry dummies unless mentioned otherwise. % * xp < 0.01,% % p < 0.05,*p < 0.1.
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TABLE C14: MANAGERIAL COMPENSATION STRUCTURE AND FIRM INNOVATION: AVERAGE
ORIGINALITY — PATENTING FIRMS

Avg. Originality Avg. Originality Avg. Originality
Deferred Ratio 1.849 1.641
(0.777)** (0.779)**
size 1.344 1.309 1.308
(0.331)%*+ (0.337) % (0.337)%*+
log(R&D stock) 1.565 1.567 1.568
(0.249)*** (0.251)*** (0.250) ***
leverage -3.710 -3.689 -3.698
(1.895)* (1.907)* (1.904)*
age -0.030 -0.030 -0.030
(0.029) (0.029) (0.029)
CV price 1.688 2.106 2.118
(1.937) (1.965) (1.967)
Inst. Ownership 1.369 1.372
(1.683) (1.684)
Option/Income Ratio 1.603
(0.824)*
Share/Income Ratio 1.923
(1.834)
R? 0.28 0.28 0.28
N 11,013 10,980 10,980

Notes: These regression results are based on a restricted subsample of firm-year observations requiring the firms to receive
at least one patent within the period 1976-2004. Robust asymptotic standard errors reported in parentheses are clustered
at the firm level. The sample period is from 1992 to 2004 at annual frequency. All specifications control for year dummies
and a full set of four-digit SIC industry dummies unless mentioned otherwise. % * xp < 0.01,% % p < 0.05,*p < 0.1.
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TABLE C15: INSTITUTIONAL OWNERSHIP, INNOVATION, AND FIRM VALUE — PATENTING FIRMS

MTB Ratio MTB Ratio MTB Ratio MTB Ratio MTB Ratio
institutional ownership 0.449
(0.102)***
size -0.308 -0.268 -0.270 -0.266 -0.301
(0.029)*** (0.022)*** (0.022)*** (0.022)*** (0.023)***
log(R&D stock) 0.183 0.145 0.141 0.145 0.093
(0.018)*** (0.014)** (0.014)**+ (0.014)** (0.014)***
leverage -0.526 -0.718 -0.708 -0.742 -0.706
(0.161)%** (0.105)** (0.105)**+ (0.105)*** (0.105)***
age -0.009 -0.008 -0.008 -0.009 -0.010
(0.002)*** (0.002)*** (0.002)*** (0.002)*** (0.002)***
CV price 0.094 0.398 0.390 0.412 0.396
(0.135) (0.106)*** (0.106)*** (0.107)*** (0.106)***
tail innovation 0.006
(0.001)***
avg patent quality 0.009
(0.001)***
avg originality 0.004
(0.001)***
log patcount 0.177
(0.017)%*+
R? 0.20 0.23 0.23 0.23 0.23
N 28,821 51,480 51,480 51,480 51,480

Notes: These regression results are based on a restricted subsample of firm-year observations requiring the firms to receive
at least one patent within the period 1976-2004. Robust asymptotic standard errors reported in parentheses are clustered
at the firm level. The sample period is from 1990 to 2004 at annual frequency. All specifications control for year dummies

and a full set of four-digit SIC industry dummies unless mentioned otherwise. * x xp < 0.01,* * p < 0.05,*p < 0.1.
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TABLE C16: INSTRUMENTING INSTITUTIONAL OWNERSHIP WITH S&P 500 INCLUSION AND SHARE
TURNOVER — PATENTING FIRMS

Deferred Ratio Tail Innov. Avg. Citations Avg. Originality

institutional ownership 1.051 40.537 35.180 58.278
(0.147)*** (12.222)*** (11.011)*** (16.741)***

size -0.006 -2.099 -1.632 -2.145

(0.008) (0.839)** (0.752)** (1.148)*

log(R&D stock) 0.019 1.092 1.101 2.495
(0.004)*** (0.185)*** (0.161)*** (0.259) ***

leverage -0.026 1.776 0.933 1.606

(0.033) (1.923) (1.714) (2.515)

age -0.001 -0.193 -0.160 -0.216
(0.000)** (0.037)*** (0.033)*** (0.050) ***

CV price 0.228 2.588 2.461 6.016
(0.045)¥*+ (1.592) (1.384)* (2.129)%*+

N 11,004 28,945 28,945 28,945
Instrument share turnover S&P 500 S&P 500 S&P 500

first stage 4.429 0.062 0.062 0.062
(0.542)*** (0.015)*=** (0.015)*** (0.015)***

Notes: These regression results are based on a restricted subsample of firm-year observations requiring the firms to receive
at least one patent within the period 1976-2004. Robust asymptotic standard errors reported in parentheses are clustered
at the firm level. The sample period is from 1990 to 2004 for all columns except column 1 which starts at 1992. All
specifications control for year dummies and a full set of four-digit SIC industry dummies unless mentioned otherwise.
*xxp < 0.01, %% p < 0.05,p <0.1.
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TABLE C17: INSTITUTIONAL OWNERSHIP AND FIRM INNOVATION — POSITIVE PATENT YEARS

Tail Innov. Avg. Citations Avg. Originality
institutional ownership 4.006 3.135 1.902
(1.076)*** (0.926)*** (0.935)**
size -0.633 -0.421 -0.083
(0.228)*** (0.179)** (0.192)
log(R&D stock) 0.139 0.036 -0.314
(0.185) (0.153) (0.159)**
leverage -1.747 -1.191 -3.652
(1.500) (1.200) (1.269)***
age -0.095 -0.073 0.006
(0.020)*** (0.016)*** (0.020)
CV price -1.280 -0.597 2.226
(1.729) (1.314) (1.276)*
R? 0.14 0.26 0.14
N 15,769 15,769 15,769

Notes: These regression results are based on a restricted subsample of firm-year observations where the firm applied for
at least one patent. Robust asymptotic standard errors reported in parentheses are clustered at the firm level. The sample
period is from 1990 to 2004 at annual frequency. All specifications control for year dummies and a full set of four-digit
SIC industry dummies unless mentioned otherwise. * x xp < 0.01, % * p < 0.05,*p < 0.1.
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TABLE C18: INSTITUTIONAL OWNERSHIP AND MANAGERIAL COMPENSATION STRUCTURE — POSITIVE
PATENT YEARS

Deferred Ratio Option/Income Ratio Share/Income Ratio
institutional ownership 0.245 0.232 0.013
(0.031)*** (0.031)*** (0.012)
size 0.023 0.015 0.009
(0.006) *** (0.006)*** (0.003)***
log(R&D stock) 0.012 0.014 -0.002
(0.003)*** (0.003)*** (0.002)
leverage -0.085 -0.106 0.021
(0.034)** (0.034)*** (0.015)
age -0.001 -0.001 0.001
(0.000)* (0.000)*** (0.000)**
CV price 0.107 0.119 -0.013
(0.041)*** (0.040)*** (0.013)
R? 0.25 0.27 0.16
N 7,108 7,108 7,108

Notes: These regression results are based on a restricted subsample of firm-year observations where the firm applied for
at least one patent. Robust asymptotic standard errors reported in parentheses are clustered at the firm level. The sample
period is from 1992 to 2004 at annual frequency. All specifications control for year dummies and a full set of four-digit
SIC industry dummies unless mentioned otherwise. * x xp < 0.01, % % p < 0.05,%p < 0.1.
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TABLE C19: MANAGERIAL COMPENSATION STRUCTURE AND FIRM INNOVATION: TAIL INNOVATION —
POSITIVE PATENT YEARS

Tail Innov. Tail Innov. Tail Innov.
Deferred Ratio 2.913 2.907
(1.092)**=* (1.096) ***
size -0.551 -0.577 -0.577
(0.353) (0.349)* (0.348)*
log(R&D stock) 0.105 0.098 0.098
(0.243) (0.244) (0.244)
leverage -1.584 -1.532 -1.530
(2.160) (2.146) (2.151)
age -0.081 -0.080 -0.080
(0.026)*** (0.026) *** (0.026)***
CV price -2.352 -2.169 -2.170
(2.463) (2.478) (2.480)
Inst. Ownership 1.448 1.447
(2.051) (2.052)
Option/Income Ratio 2.914
(1.169)**
Share/Income Ratio 2.857
(1.601)*
R? 0.21 0.21 0.21
N 7,111 7,096 7,096

Notes: These regression results are based on a restricted subsample of firm-year observations where the firm applied for
at least one patent. Robust asymptotic standard errors reported in parentheses are clustered at the firm level. The sample
period is from 1992 to 2004 at annual frequency. All specifications control for year dummies and a full set of four-digit
SIC industry dummies unless mentioned otherwise. * x xp < 0.01, % % p < 0.05,%p < 0.1.
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TABLE C20: MANAGERIAL COMPENSATION STRUCTURE AND FIRM INNOVATION: AVERAGE PATENT
QUALITY — POSITIVE PATENT YEARS

Avg. Citations Avg. Citations Avg. Citations
Deferred Ratio 2.784 2.757
(1.211)** (1.230)**
size -0.360 -0.374 -0.376
(0.283) (0.282) (0.282)
log(R&D stock) 0.004 -0.003 -0.002
(0.213) (0.215) (0.215)
leverage -0.945 -0.848 -0.861
(1.955) (1.965) (1.959)
age -0.068 -0.068 -0.068
(0.021)*** (0.021)*** (0.021)***
CV price -0.689 -0.615 -0.604
(1.974) (1.969) (1.968)
Inst. Ownership 0.952 0.959
(1.864) (1.867)
Option/Income Ratio 2.707
(1.313)**
Share/Income Ratio 3.148
(1.464)**
R? 0.33 0.33 0.33
N 7,111 7,096 7,096

Notes: These regression results are based on a restricted subsample of firm-year observations where the firm applied for
at least one patent. Robust asymptotic standard errors reported in parentheses are clustered at the firm level. The sample
period is from 1992 to 2004 at annual frequency. All specifications control for year dummies and a full set of four-digit
SIC industry dummies unless mentioned otherwise. * x xp < 0.01, % % p < 0.05,%p < 0.1.
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TABLE C21: MANAGERIAL COMPENSATION STRUCTURE AND FIRM INNOVATION: AVERAGE
ORIGINALITY — POSITIVE PATENT YEARS

Avg. Originality Avg. Originality Avg. Originality
Deferred Ratio 0.298 0.129
(0.708) (0.711)
size 0.484 0.443 0.431
(0.289)* (0.290) (0.290)
log(R&D stock) -0.610 -0.596 -0.589
(0.206) *** (0.207)*** (0.207)***
leverage -4.739 -4.718 -4.776
(1.731)%** (1.756)*** (1.758)%**
age -0.001 -0.001 -0.002
(0.026) (0.026) (0.026)
CV price -1.233 -1.013 -0.967
(1.854) (1.872) (1.870)
Inst. Ownership 1.338 1.368
(1.485) (1.484)
Option/Income Ratio -0.082
(0.748)
Share/Income Ratio 1.782
(1.579)
R? 0.20 0.20 0.20
N 7,111 7,096 7,096

Notes: These regression results are based on a restricted subsample of firm-year observations where the firm applied for
at least one patent. Robust asymptotic standard errors reported in parentheses are clustered at the firm level. The sample
period is from 1992 to 2004 at annual frequency. All specifications control for year dummies and a full set of four-digit
SIC industry dummies unless mentioned otherwise. * x xp < 0.01, % % p < 0.05,%p < 0.1.
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TABLE C22: MANAGERIAL COMPENSATION, INNOVATION, FIRM VALUE — POSITIVE PATENT YEARS

MTB Ratio MTB Ratio MTB Ratio MTB Ratio MTB Ratio
institutional ownership 0.324
(0.136)**
size -0.358 -0.289 -0.291 -0.288 -0.346
(0.040)*** (0.030)*** (0.030) *** (0.030) *** (0.032)***
log(R&D stock) 0.202 0.141 0.139 0.143 0.079
(0.024)*** (0.018)*** (0.018)*** (0.018)*** (0.017)***
leverage -0.478 -0.766 -0.759 -0.800 -0.739
(0.232)** (0.153)%*x (0.153) %+ (0.153) %+ (0.152)%**
age -0.005 -0.004 -0.004 -0.004 -0.005
(0.003)* (0.002)* (0.002)* (0.002)** (0.002)**
CV price 0.229 0.497 0.485 0.521 0.481
(0.182) (0.144)*** (0.144)*** (0.145)*** (0.144)***
tail innovation 0.006
(0.001)***
avg patent quality 0.009
(0.001)***
avg originality 0.002
(0.001)**
log patcount 0.203
(0.022)***
R? 0.22 0.26 0.26 0.26 0.26
N 15,719 27,218 27,218 27,218 27,218

Notes: These regression results are based on a restricted subsample of firm-year observations where the firm applied for
at least one patent. Robust asymptotic standard errors reported in parentheses are clustered at the firm level. The sample
period is from 1990 to 2004 at annual frequency. All specifications control for year dummies and a full set of four-digit
SIC industry dummies unless mentioned otherwise. * * xp < 0.01, % * p < 0.05,*p < 0.1.
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TABLE C23: INSTRUMENTING INSTITUTIONAL OWNERSHIP WITH S&P 500 INCLUSION AND SHARE
TURNOVER — POSITIVE PATENT YEARS

Deferred Ratio Tail Innowv. Avg. Citations Avg. Originality
institutional ownership 1.035 32.367 28.206 18.298
(0.180)*** (9.579)*** (8.278)*** (7.190)**
size -0.006 -2.205 -1.810 -0.992
(0.009) (0.614)*** (0.524)*** (0.461)**
log(R&D stock) 0.019 0.596 0.441 -0.050
(0.004)*** (0.246)** (0.196)** (0.204)
leverage -0.078 1.595 1.763 -1.720
(0.037)** (2.026) (1.665) (1.584)
age -0.001 -0.208 -0.173 -0.059
(0.001)* (0.045)*** (0.038)*** (0.036)*
CV price 0.219 1.123 1.527 3.615
(0.056)*** (1.966) (1.520) (1.445)**
N 7,108 15,769 15,769 15,769
instrument share turnover S&P 500 S&P 500 S&P 500
first stage 4.239 0.101 0.101 0.101
(0.582)*** (0.018)*** (0.018)*** (0.018)***

Notes: These regression results are based on a restricted subsample of firm-year observations where the firm applied for
at least one patent. Robust asymptotic standard errors reported in parentheses are clustered at the firm level. The sample
period is from 1990 to 2004 for all columns except column 1 which starts at 1992. All specifications control for year
dummies and a full set of four-digit SIC industry dummies unless mentioned otherwise. * % xp < 0.01, % % p < 0.05, ¥p <

0.1.
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TABLE C24: INSTITUTIONAL OWNERSHIP AND FIRM INNOVATION

A. High Tech Firms

Tail Innov. Avg. Citations Avg. Originality
institutional ownership 9.003 7.900 10.739
(1.323)** (1.258)%*+ (1.789)***
R? 0.11 0.18 0.22
N 8,714 8,714 8,714

B. Low Tech Firms

Tail Innov. Avg. Citations Avg. Originality
institutional ownership 1.911 1.853 4.180
(0.378)%** (0.346)*** (0.561) %+
R? 0.09 0.13 0.28
N 46,299 46,299 46,299

Notes: We divide the baseline sample into two subsamples: high-tech firms and low-tech firms. High-tech firms are those
in SIC 35 and 36, which include industrial and commercial machinery and equipment and computer equipment; and
electronic and other electrical equipment and components, and low-tech firms are the rest. Robust asymptotic standard
errors reported in parentheses are clustered at the firm level. The sample period is from 1990 to 2004 at annual frequency.
All specifications control for the same set of explanatory variables, year dummies and a full set of four-digit SIC industry
dummies unless mentioned otherwise. * % xp < 0.01, % * p < 0.05,*p < 0.1.
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TABLE C25: INSTITUTIONAL OWNERSHIP AND MANAGERIAL COMPENSATION STRUCTURE

A. High Tech Firms

Deferred Ratio Option/Income Ratio Share/Income Ratio
institutional ownership 0.224 0.210 0.013
(0.044)*** (0.044)*** (0.016)
R? 0.23 0.25 0.15
N 2,686 2,686 2,686

B. Low Tech Firms

Deferred Ratio Option/Income Ratio Share/Income Ratio
institutional ownership 0.266 0.238 0.029
(0.021)%** (0.020) *** (0.009)***
R? 0.21 0.21 0.12
N 13,739 13,739 13,739

Notes: We divide the baseline sample into two subsamples: high-tech firms and low-tech firms. High-tech firms are those
in SIC 35 and 36, which include industrial and commercial machinery and equipment and computer equipment; and
electronic and other electrical equipment and components, and low-tech firms are the rest. Robust asymptotic standard
errors reported in parentheses are clustered at the firm level. The sample period is from 1992 to 2004 at annual frequency.
All specifications control for the same set of explanatory variables, year dummies and a full set of four-digit SIC industry
dummies unless mentioned otherwise. * % xp < 0.01, % * p < 0.05,*p < 0.1.

65



TABLE C26: INSTITUTIONAL OWNERSHIP, INNOVATION, AND FIRM VALUE

A. High Tech Firms

MTB Ratio MTB Ratio MTB Ratio MTB Ratio MTB Ratio
institutional ownership 1.031
(0.172)***
tail innovation 0.007
(0.001)***
avg patent quality 0.010
(0.002)***
avg originality 0.007
(0.002) ***
log patcount 0.249
(0.031)***
R? 0.12 0.14 0.14 0.14 0.15
N 8,669 15,678 15,678 15,678 15,678
B. Low Tech Firms
MTB Ratio MTB Ratio MTB Ratio MTB Ratio MTB Ratio
institutional ownership 0.567
(0.072)***
tail innovation 0.008
(0.001)***
avg patent quality 0.012
(0.001)***
avg originality 0.006
(0.001)***
log patcount 0.125
(0.018)***
R? 0.18 0.19 0.19 0.19 0.19
N 46,029 81,853 81,853 81,853 81,853

Notes: We divide the baseline sample into two subsamples: high-tech firms and low-tech firms. High-tech firms are those
in SIC 35 and 36, which include industrial and commercial machinery and equipment and computer equipment; and
electronic and other electrical equipment and components, and low-tech firms are the rest. Robust asymptotic standard
errors reported in parentheses are clustered at the firm level. The sample period is from 1990 to 2004 at annual frequency.
All specifications control for the same set of explanatory variables, year dummies and a full set of four-digit SIC industry
dummies unless mentioned otherwise. * % xp < 0.01, % * p < 0.05,*p < 0.1.
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TABLE C27: INSTRUMENTING INSTITUTIONAL OWNERSHIP WITH S&P 500 INCLUSION AND SHARE
TURNOVER

A. High Tech Firms

Deferred Ratio Tail Innov. Avg. Citations Avg. Originality

institutional ownership 1.303 30.506 14.974 1.520
(0.313)*** (31.928) (25.955) (39.622)

N 2,686 8,714 8,714 8,714

instrument share turnover S&P 500 S&P 500 S&P 500

B. Low Tech Firms

Deferred Ratio Tail Innov. Avg. Citations Avg. Originality

institutional ownership 0.889 36.299 34.310 67.899
(0.109)*** (11.890)*** (11.389)*** (20.629)*%*

N 13,739 46,299 46,299 46,299

instrument share turnover S&P 500 S&P 500 S&P 500

Notes: We divide the baseline sample into two subsamples: high-tech firms and low-tech firms. High-tech firms are those
in SIC 35 and 36, which include industrial and commercial machinery and equipment and computer equipment; and
electronic and other electrical equipment and components, and low-tech firms are the rest. Robust asymptotic standard
errors reported in parentheses are clustered at the firm level. The sample period is from 1990 to 2004 for all columns
except column 1 which starts at 1992. All specifications control for the same set of explanatory variables, year dummies
and a full set of four-digit SIC industry dummies unless mentioned otherwise. * % xp < 0.01,* % p < 0.05, *p < 0.1.

TABLE C28: INSTITUTIONAL OWNERSHIP AND FIRM INNOVATION (EXCLUDING PHARMACEUTICAL

FIRMS)
Tail Innov. Avg. Citations Avg. Originality
institutional ownership 3.162 2.921 4.988
(0.400)*** (0.375)*** (0.565)***
R? 0.11 0.16 0.31
N 51,317 51,317 51,317

Notes: The estimation results are based on the baseline sample excluding all pharmaceutical firms. Robust asymptotic
standard errors reported in parentheses are clustered at the firm level. The sample period is from 1990 to 2004 at annual
frequency. All specifications control for the same set of explanatory variables, year dummies and a full set of four-digit SIC
industry dummies unless mentioned otherwise. % xp < 0.01,% % p < 0.05,*p < 0.1.
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TABLE C29: INSTITUTIONAL OWNERSHIP AND MANAGERIAL COMPENSATION STRUCTURE (EXCLUDING
PHARMACEUTICAL FIRMS)

Deferred Ratio Option/Income Ratio Share/Income Ratio
institutional ownership 0.260 0.234 0.025
(0.019)*** (0.019)*** (0.008)***
R? 0.21 0.22 0.13
N 15,633 15,633 15,633

Notes: The estimation results are based on the baseline sample excluding all pharmaceutical firms. Robust asymptotic
standard errors reported in parentheses are clustered at the firm level. The sample period is from 1992 to 2004 at annual
frequency. All specifications control for the same set of explanatory variables, year dummies and a full set of four-digit SIC
industry dummies unless mentioned otherwise. * x xp < 0.01,* x p < 0.05,*p < 0.1.

TABLE C30: MANAGERIAL COMPENSATION STRUCTURE AND FIRM INNOVATION: TAIL INNOVATION
(EXCLUDING PHARMACEUTICAL FIRMS)

Tail Innov. Tail Innov. Tail Innov.
Deferred Ratio 1.258 1.253
(0.530)** (0.537)**
Inst. Ownership 0.588 0.584
(0.985) (0.985)
Option/Income Ratio 1.331
(0.581)**
Share/Income Ratio 0.703
(0.782)
R? 0.18 0.18 0.18
N 15,645 15,583 15,583

Notes: The estimation results are based on the baseline sample excluding all pharmaceutical firms. Robust asymptotic
standard errors reported in parentheses are clustered at the firm level. The sample period is from 1992 to 2004 at annual
frequency. All specifications control for the same set of explanatory variables, year dummies and a full set of four-digit SIC
industry dummies unless mentioned otherwise. *  xp < 0.01,% % p < 0.05,*p < 0.1.
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TABLE C31: MANAGERIAL COMPENSATION STRUCTURE AND FIRM INNOVATION: AVERAGE PATENT
QUALITY (EXCLUDING PHARMACEUTICAL FIRMS)

Avg. Citations Avg. Citations Avg. Citations
Deferred Ratio 1.176 1.056
(0.579)** (0.589)*
Inst. Ownership 1.616 1.616
(0.948)* (0.949)*
Option/Income Ratio 1.044
(0.642)
Share/Income Ratio 1.143
(0.774)
R? 0.24 0.24 0.24
N 15,645 15,583 15,583

Notes: The estimation results are based on the baseline sample excluding all pharmaceutical firms. Robust asymptotic
standard errors reported in parentheses are clustered at the firm level. The sample period is from 1992 to 2004 at annual
frequency. All specifications control for the same set of explanatory variables, year dummies and a full set of four-digit SIC
industry dummies unless mentioned otherwise. * % xp < 0.01, * * p < 0.05,*p < 0.1.

TABLE C32: MANAGERIAL COMPENSATION STRUCTURE AND FIRM INNOVATION: AVERAGE
ORIGINALITY (EXCLUDING PHARMACEUTICAL FIRMS)

Avg. Originality Avg. Originality Avg. Originality
Deferred Ratio 1.305 1.190
(0.558)** (0.558)**
Inst. Ownership 0.934 0.930
(1.216) (1.217)
Option/Income Ratio 1.282
(0.597)**
Share/Income Ratio 0.545
(1.307)
R? 0.41 0.41 0.41
N 15,645 15,583 15,583

Notes: The estimation results are based on the baseline sample excluding all pharmaceutical firms. Robust asymptotic
standard errors reported in parentheses are clustered at the firm level. The sample period is from 1992 to 2004 at annual
frequency. All specifications control for the same set of explanatory variables, year dummies and a full set of four-digit SIC
industry dummies unless mentioned otherwise. *  xp < 0.01,% % p < 0.05,*p < 0.1.
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TABLE C33: INSTITUTIONAL OWNERSHIP, INNOVATION, AND FIRM VALUE (EXCLUDING
PHARMACEUTICAL FIRMS)

MTB Ratio MTB Ratio MTB Ratio MTB Ratio MTB Ratio

institutional ownership 0.609

(0.065)***
tail innovation 0.007
(0.001)***
avg patent quality 0.012
(0.001)***
avg originality 0.006
(0.001)***
log patcount 0.142
(0.015)***
R? 0.13 0.15 0.15 0.15 0.15
N 51,009 92,552 92,552 92,552 92,552

Notes: The estimation results are based on the baseline sample excluding all pharmaceutical firms. Robust asymptotic
standard errors reported in parentheses are clustered at the firm level. The sample period is from 1990 to 2004 at annual
frequency. All specifications control for the same set of explanatory variables, year dummies and a full set of four-digit SIC
industry dummies unless mentioned otherwise. * * xp < 0.01,% * p < 0.05,*p < 0.1.

TABLE C34: INSTRUMENTING INSTITUTIONAL OWNERSHIP WITH S&P 500 INCLUSION AND SHARE
TURNOVER (EXCLUDING PHARMACEUTICAL FIRMS)

Deferred Ratio Tail Innov. Avg. Citations Avg. Originality

institutional ownership 1.048 35.113 29.702 58.695
(0.121)*** (11.350)*** (10.359) *** (17.925)***

N 15,633 51,317 51,317 51,317

instrument share turnover S&P 500 S&P 500 S&P 500

Notes: The estimation results are based on the baseline sample excluding all pharmaceutical firms. Robust asymptotic
standard errors reported in parentheses are clustered at the firm level. The sample period is from 1990 to 2004 for all
columns except column 1 which starts at 1992. All specifications control for the same set of explanatory variables, year
dummies and a full set of four-digit SIC industry dummies unless mentioned otherwise. * % xp < 0.01,* * p < 0.05, ¥p <
0.1.
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TABLE C35: INSTITUTIONAL OWNERSHIP AND FIRM INNOVATION (SIC-2)

Tail Innov. Avg. Citations Avg. Originality
institutional ownership 3.512 3.299 5.749
(0.391)*** (0.367)*** (0.580) ***
R? 0.08 0.13 0.26
N 55,013 55,013 55,013

Notes: This table reports the regression results using the baseline sample controlling for the same set of explanatory
variables, year dummies and a full set of two-digit SIC industry dummies. Robust asymptotic standard errors reported
in parentheses are clustered at the firm level. See the text and notes to Table C6 and Section B.2 for detailed variable
definitions. # * xp < 0.01, % * p < 0.05, xp < 0.1.

TABLE C36: INSTITUTIONAL OWNERSHIP AND MANAGERIAL COMPENSATION STRUCTURE (SIC-2)

Deferred Ratio Option/Income Ratio Share/Income Ratio
institutional ownership 0.270 0.253 0.017
(0.019)*** (0.018)*** (0.008)**
R? 0.17 0.16 0.08
N 16,425 16,425 16,425

Notes: This table reports the regression results using the baseline sample controlling for the same set of explanatory
variables, year dummies and a full set of two-digit SIC industry dummies. Robust asymptotic standard errors reported
in parentheses are clustered at the firm level. See the text and notes to Table C6 and Section B.2 for detailed variable
definitions. * * *p < 0.01, % * p < 0.05, xp < 0.1.

TABLE C37: MANAGERIAL COMPENSATION STRUCTURE AND FIRM INNOVATION (SIC-2)

Tail Innov. Tail Innov. Tail Innov.
Deferred Ratio 1.971 1.965
(0.526)*** (0.528)***
Inst. Ownership 0.372 0.347
(0.913) (0.913)
Option/Income Ratio 2.210
(0.567)**
Share/Income Ratio 0.074
(0.818)
R? 0.12 0.12 0.13
N 16,438 16,371 16,371

Notes: This table reports the regression results using the baseline sample controlling for the same set of explanatory
variables, year dummies and a full set of two-digit SIC industry dummies. Robust asymptotic standard errors reported
in parentheses are clustered at the firm level. See the text and notes to Table C6 and Section B.2 for detailed variable
definitions. * * %p < 0.01, % * p < 0.05, xp < 0.1.
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TABLE C38: MANAGERIAL COMPENSATION STRUCTURE AND FIRM INNOVATION: AVERAGE PATENT
QUuALITY (SIC-2)

Avg. Citations Avg. Citations Avg. Citations
Deferred Ratio 1.709 1.588
(0.537)*** (0.539)***
Inst. Ownership 1.317 1.303
(0.879) (0.879)
Option/Income Ratio 1.720
(0.580)***
Share/Income Ratio 0.574
(0.811)
R? 0.19 0.19 0.19
N 16,438 16,371 16,371

Notes: This table reports the regression results using the baseline sample controlling for the same set of explanatory
variables, year dummies and a full set of two-digit SIC industry dummies. Robust asymptotic standard errors reported
in parentheses are clustered at the firm level. See the text and notes to Table C6 and Section B.2 for detailed variable
definitions. * * xp < 0.01, % * p < 0.05, xp < 0.1.

TABLE C39: MANAGERIAL COMPENSATION STRUCTURE AND FIRM INNOVATION: AVERAGE
ORIGINALITY (SIC-2)

Avg. Originality Avg. Originality Avg. Originality
Deferred Ratio 1.337 1.188
(0.593)** (0.600)**

Inst. Ownership 0.911 0.900
(1.248) (1.249)

Option/Income Ratio 1.295
(0.634)**

Share/Income Ratio 0.361
(1.424)

R? 0.34 0.34 0.34
N 16,438 16,371 16,371

Notes: This table reports the regression results using the baseline sample controlling for the same set of explanatory
variables, year dummies and a full set of two-digit SIC industry dummies. Robust asymptotic standard errors reported
in parentheses are clustered at the firm level. See the text and notes to Table C6 and Section B.2 for detailed variable
definitions. % xp < 0.01, % * p < 0.05, xp < 0.1.
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TABLE C40: INSTITUTIONAL OWNERSHIP, INNOVATION, AND FIRM VALUE (SIC-2)

MTB Ratio MTB Ratio MTB Ratio MTB Ratio MTB Ratio

institutional ownership 0.686

(0.066)***
tail innovation 0.009
(0.001)***
avg patent quality 0.013
(0.001)***
avg originality 0.007
(0.001)%**
log patcount 0.139
(0.015)***
R? 0.13 0.15 0.15 0.15 0.15
N 54,698 97,531 97,531 97,531 97,531

Notes: This table reports the regression results using the baseline sample controlling for the same set of explanatory
variables, year dummies and a full set of two-digit SIC industry dummies. Robust asymptotic standard errors reported
in parentheses are clustered at the firm level. See the text and notes to Table C6 and Section B.2 for detailed variable
definitions. * * *p < 0.01, % * p < 0.05, %p < 0.1.

TABLE C41: INSTRUMENTING INSTITUTIONAL OWNERSHIP WITH S&P 500 INCLUSION AND SHARE
TURNOVER (SIC-2)

Deferred Ratio Tail Innov. Avg. Citations Avg. Originality

institutional ownership 1.126 33.334 28.665 43.973
(0.104)**+ (8.986)*** (8.185)*** (12.839)***

N 16,425 55,013 55,013 55,013

instrument share turnover S&P 500 S&P 500 S&P 500

Notes: This table reports the regression results using the baseline sample controlling for the same set of explanatory
variables, year dummies and a full set of two-digit SIC industry dummies. Robust asymptotic standard errors reported
in parentheses are clustered at the firm level. See the text and notes to Table C6 and Section B.2 for detailed variable
definitions. * x xp < 0.01,% * p < 0.05,xp < 0.1.

TABLE C42: INSTITUTIONAL OWNERSHIP AND FIRM INNOVATION (FIRM FIXED EFFECTS)

Tail Innov. Avg. Citations Avg. Originality
institutional ownership 3.433 3.673 6.786
(0.550)*** (0.549)*** (0.809)***
R? 0.13 0.21 0.34
N 31,317 31,317 31,317

Notes: This table reports the regression results using the baseline sample controlling for the same set of explanatory
variables, year dummies and Blundell, Griffith, and Van Reenen (1999) firm fixed effects. Robust asymptotic standard
errors reported in parentheses are clustered at the firm level. See the text and notes to Table C6 and Section B.2 for
detailed variable definitions. * * *p < 0.01, * * p < 0.05,*p < 0.1.
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TABLE C43: INSTITUTIONAL OWNERSHIP AND MANAGERIAL COMPENSATION (FIRM FIXED EFFECTS)

Deferred Ratio

Option/Income Ratio

Share/Income Ratio

institutional ownership
size

log(R&D stock)
leverage

age

CV price

RZ
N

0.199
(0024) Sk
0.025
(0.007) OO,
0.009
(0.007)
-0.112
(0027) ke
0.011
(0.001) OO,
-0.010
(0.026)

0.43
16,427

0.184
(0.023)*7’:;’
0.023
(0.007)***
0.018
(0006) s
-0.106
(0026) dedede
0.003
-0.005
(0.026)

0.44
16,427

%

0.015
(0.010)

0.002
(0.003)
-0.009
(0.003)***
-0.006
(0.011)
0.008
(0.001)***
-0.005
(0.010)

0.36
16,427

Notes: This table reports the regression results using the baseline sample controlling for the same set of explanatory
variables, year dummies and Blundell, Griffith, and Van Reenen (1999) firm fixed effects. Robust asymptotic standard
errors reported in parentheses are clustered at the firm level. See the text and notes to Table C6 and Section B.2 for
detailed variable definitions. * % xp < 0.01, * * p < 0.05,%p < 0.1.

TABLE C44: MANAGERIAL COMPENSATION STRUCTURE AND FIRM INNOVATION: TAIL INNOVATION
(FIRM FIXED EFFECTS)

Tail Innov. Tail Innov. Tail Innov.
Deferred Ratio 1.672 1.469
(0.637)%** (0.641)**
Inst. Ownership 2.272 2.250
(1.135)** (1.135)**
Option/Income Ratio 1.840
(0.706) ***
Share/Income Ratio -0.874
(0.866)
R? 0.14 0.14 0.14
N 11,825 11,776 11,776

Notes: This table reports the regression results using the baseline sample controlling for the same set of explanatory
variables, year dummies and Blundell, Griffith, and Van Reenen (1999) firm fixed effects. Robust asymptotic standard
errors reported in parentheses are clustered at the firm level. See the text and notes to Table C6 and Section B.2 for
detailed variable definitions. * * *p < 0.01, * * p < 0.05,%p < 0.1.
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TABLE C45: MANAGERIAL COMPENSATION STRUCTURE AND FIRM INNOVATION: AVERAGE PATENT
QUALITY (FIRM FIXED EFFECTS)

Avg. Citations Avg. Citations Avg. Citations
Deferred Ratio 1.564 1.280
(0.600)*** (0.585)**
Inst. Ownership 2.952 2.943
(1.124) %% (1.124)%**
Option/Income Ratio 1.435
(0.648)**
Share/Income Ratio 0.295
(0.884)
R? 0.23 0.23 0.23
N 11,825 11,776 11,776

Notes: This table reports the regression results using the baseline sample controlling for the same set of explanatory
variables, year dummies and Blundell, Griffith, and Van Reenen (1999) firm fixed effects. Robust asymptotic standard
errors reported in parentheses are clustered at the firm level. See the text and notes to Table C6 and Section B.2 for
detailed variable definitions. * % *p < 0.01, * * p < 0.05,%p < 0.1.

TABLE C46: MANAGERIAL COMPENSATION STRUCTURE AND FIRM INNOVATION: AVERAGE
ORIGINALITY (FIRM FIXED EFFECTS)

Avg. Originality Avg. Originality Avg. Originality
Deferred Ratio 1.506 1.099
(0.723)** (0.725)
Inst. Ownership 3.522 3.520
(1.561)** (1.561)**
Option/Income Ratio 1.144
(0.781)
Share/Income Ratio 0.810
(1.505)
R? 0.38 0.38 0.38
N 11,825 11,776 11,776

Notes: This table reports the regression results using the baseline sample controlling for the same set of explanatory
variables, year dummies and Blundell, Griffith, and Van Reenen (1999) firm fixed effects. Robust asymptotic standard
errors reported in parentheses are clustered at the firm level. See the text and notes to Table C6 and Section B.2 for
detailed variable definitions. * % xp < 0.01, % % p < 0.05,*p < 0.1.

75



9L

TABLE C47: MANAGERIAL COMPENSATION STRUCTURE AND FIRM INNOVATION (TOTAL COMPENSATION)

Tail Innov. Avg. Citations Avg. Originality
total compensation -0.085 -0.103 -0.103 0.043 0.014 0.014 0.368 0.360 0.360
(0.181) (0.184) (0.184) (0.167) (0.172) (0.172) (0.186)** (0.186)* (0.186)*
Deferred Ratio 1.268 1.280 1.048 0.976 1.369 1.291
(0.510)** (0.511)** (0.488)** (0.487)** (0.562)** (0.564)**
size 0.446 0.435 0.437 0.455 0.429 0.426 1.071 1.062 1.065
(0.176)** (0.176)** (0.176)** (0.161)*** (0.161)*** (0.161)*** (0.266)*** (0.269)*** (0.269)***
log(R&D stock) 0.817 0.819 0.818 0.840 0.852 0.854 2.118 2.117 2.116
(0.124)***  (0.125)***  (0.125)***  (0.122)***  (0.122)***  (0.122)***  (0.208)***  (0.209)***  (0.209)***
leverage -2.529 -2.557 -2.550 -3.389 -3.426 -3.437 -4.140 -4.135 -4.125
(1.052)**  (1.050)**  (L.049)**  (L119)***  (1.134)***  (L.132)***  (1.434)%**  (1.455)***  (1.454)%**
age -0.044 -0.043 -0.043 -0.028 -0.028 -0.028 0.036 0.037 0.037
(0.013)*** (0.013)*** (0.013)*** (0.012)** (0.012)** (0.012)** (0.024) (0.024) (0.024)
CV price 0.933 1.010 1.002 1.796 1.945 1.957 3.121 3.413 3.402
(1.321) (1.357) (1.358) (1.247) (1.260) (1.260) (1.517)** (1.553)** (1.554)**
Inst. Ownership 0.546 0.546 1.287 1.288 0.328 0.327
(0.947) (0.947) (0.907) (0.907) (1.302) (1.302)
Option/Income Ratio 1.320 0.916 1.349
(0.552)** (0.533)* (0.603)**
Share/Income Ratio 0.994 1.407 0.877
(0.804) (0.771)* (1.362)
R? 0.18 0.18 0.18 0.24 0.24 0.24 0.41 0.41 0.41
N 14,564 14,500 14,500 14,564 14,500 14,500 14,564 14,500 14,500

Notes: This table adds total compensation as a control variable to the baseline specification. Robust asymptotic standard errors reported in parentheses are clustered at
the firm level. The sample period is from 1992 to 2004 at annual frequency. All specifications control for year dummies and a full set of four-digit SIC industry dummies
unless mentioned otherwise. See the text and notes to Table C6 and Section B.2 for detailed variable definitions. * * *p < 0.01,* % p < 0.05,*%p < 0.1.



TABLE C48: INSTITUTIONAL OWNERSHIP AND FIRM INNOVATION — ALTERNATIVE MEASURES

Patent Value (KPSS) Tail Innov. (total) Citations (total) Originality (total)

inst ownership 0.398 0.055 0.217 0.343
(0.066)*** (0.075) (0.072)*** (0.084)***
size 0.190 0.179 0.193 0.218
(0.012)*** (0.013)*** (0.013)*** (0.015)***
log(R&D stock) 0.418 0.389 0.437 0.566
(0.016)%* (0.016)*** (0.016)*** (0.018)¥**
leverage -0.195 -0.225 -0.328 -0.355
(0.059)*** (0.062)*** (0.063)*** (0.075)***
age 0.013 0.003 0.006 0.008
(0.002)*** (0.002)** (0.002)*** (0.002)***
CV price 0.037 -0.047 -0.093 -0.060
(0.048) (0.056) (0.056)* (0.068)
R? 0.52 0.38 0.49 0.51
N 55,013 55,013 55,013 55,013

Notes: In this table we use alternative dependent variables: (1) Total market value of patents obtained from Kogan,
Papanikolaou, Seru, and Stoffman (2017), (2) total tail innovations (instead of the fraction of tail innovations), (3) total
citations (instead of average), and (4) total patents weighted by their originality (instead of average). Robust asymptotic
standard errors reported in parentheses are clustered at the firm level. See the text and notes to Table C6 and Section B.2
for detailed variable definitions. * x xp < 0.01,* % p < 0.05, xp < 0.1.
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TABLE C49: INSTITUTIONAL OWNERSHIP AND FIRM INNOVATION — ALTERNATIVE MEASURES
(INSTRUMENTAL VARIABLE REGRESSION)

Patent Value (KPSS)

Tail Innov. (total)

Citations (total)

Originality (total)

inst ownership 26.709 15.942 13.163 14.794
(6.696)*** (4.497) %+ (3.756)*** (4.211)%**
size -1.689 -0.955 -0.732 -0.814
(0.487)*** (0.328)*** (0.274)*** (0.307)***
log(R&D stock) 0.682 0.548 0.567 0.711
(0.080)** (0.054) %+ (0.045) %+ (0.050) ***
leverage 3.173 1.809 1.329 1.495
(0.907)*** (0.603)*** (0.502)*** (0.562)***
age -0.051 -0.035 -0.025 -0.027
(0.017)*** (0.011)*** (0.009) *** (0.010)***
CV price 2.786 1.613 1.260 1.450
(0.757)*** (0.506)*** (0.422)*** (0.475)***
N 55,013 55,013 55,013 55,013
instrument S&P 500 S&P 500 S&P 500 S&P 500

Notes: In this table we use alternative dependent variables: (1) Total market value of patents obtained from Kogan,
Papanikolaou, Seru, and Stoffman (2017), (2) total tail innovations (instead of the fraction of tail innovations), (3) total
citations (instead of average), and (4) total patents weighted by their originality (instead of average). Robust asymptotic
standard errors reported in parentheses are clustered at the firm level. See the text and notes to Table C6 and Section B.2
for detailed variable definitions. * * xp < 0.01, % % p < 0.05,*%p < 0.1.
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TABLE C50: MANAGERIAL COMPENSATION AND FIRM INNOVATION — ALTERNATIVE MEASURES

Patent Value (KPSS) Tail Innov. (total) Citations (total) Originality (total)
Deferred Ratio 0.264 0.263 0.096 0.121 0.139 0.139 0.176 0.182
(0.068)*** (0.067)*** (0.074) (0.073)* (0.069)** (0.068)** (0.079)** (0.078)**
size 0.517 0.518 0.520 0.407 0.414 0416 0.376 0376 0.377 0.404 0.407 0.408
(0.034)*** (0.036)*** (0.036)*** (0.032)*** (0.032)*** (0.032)*** (0.029)*** (0.030)*** (0.029)*** (0.034)*** (0.035)*** (0.035)***
log(R&D stock) 0.503 0.504 0.503 0.471 0.469 0.468 0.476 0.476 0.476 0.582 0.581 0.581
(0.028)*** (0.028)*** (0.028)*** (0.027)*** (0.027)*** (0.027)*** (0.026)*** (0.026)*** (0.026)*** (0.031)*** (0.031)*** (0.031)***
leverage -0.771 -0.781 -0.777 -0.612 -0.616 -0.611 -0.750 -0.760 -0.757 -0.681 -0.687 -0.683
(0.181)*** (0.185)*** (0.184)*** (0.174)*** (0.175)*** (0.174)*** (0.165)*** (0.167)*** (0.167)*** (0.199)*** (0.202)*** (0.202)***
age 0.003 0.003 0.003 -0.004 -0.004 -0.004 0.002 0.002 0.002 0.005 0.005 0.005
(0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003) (0.003)
CV price 0.218 0.221 0.216 0.121 0.053 0.047 0.266 0.250 0.246 0.350 0.336 0.330
(0.160) (0.160) (0.160) (0.183) (0.186) (0.186) (0.167) (0.169) (0.169) (0.190)* (0.193)* (0.193)*
inst ownership -0.027 -0.027 -0.223  -0.224 0.009  0.009 -0.099 -0.100
(0.157) (0.157) (0.157) (0.157) (0.151) (0.151) (0.178) (0.178)
Option/Income Ratio 0.290 0.151 0.159 0.210
(0.072)*** (0.078)* (0.073)** (0.083)**
Share/Income Ratio 0.070 -0.096 -0.006 -0.018
(0.162) (0.159) (0.147) (0.175)
R? 0.63 0.63 0.63 0.51 0.51 0.51 0.61 0.61 0.61 0.63 0.63 0.63
N 16,438 16,371 16,371 16,438 16,371 16,371 16,438 16,371 16,371 16,438 16,371 16,371

Notes: In this table we use alternative dependent variables: (1) Total market value of patents obtained from Kogan, Papanikolaou, Seru, and Stoffman (2017), (2)
total tail innovations (instead of the fraction of tail innovations), (3) total citations (instead of average), and (4) total patents weighted by their originality (instead of
average). Robust asymptotic standard errors reported in parentheses are clustered at the firm level. See the text and notes to Table C6 and Section B.2 for detailed
variable definitions. * * xp < 0.01, * * p < 0.05,*p < 0.1.
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TABLE C51: MANAGERIAL COMPENSATION STRUCTURE AND FIRM INNOVATION (NB. OF EXERCISED OPTIONS)

Tail Innov. Avg. Citations Avg. Originality
nb. of exercised options -0.001 -0.013 -0.016 -0.069 -0.070 -0.069 0.116 0.125 0.122
(0.172) (0.171) (0.171) (0.153) (0.152) (0.152) (0.290) (0.291) (0.291)
Deferred Ratio 1.256 1.264 1.160 1.059 1.514 1.398
(0.519)** (0.524)** (0.564)** (0.572)* (0.556)*** (0.556)**
size 0.412 0.398 0.402 0.497 0.455 0.454 1.154 1.128 1.131
(0.161)** (0.161)** (0.161)**  (0.150)***  (0.151)***  (0.150)***  (0.244)***  (0.248)***  (0.248)***
log(R&D stock) 0.804 0.805 0.803 0.840 0.851 0.852 2.146 2.147 2.145
(0.121)***  (0.121)***  (0.122)***  (0.119)***  (0.119)***  (0.119)***  (0.203)***  (0.204)***  (0.204)***
leverage -2.759 -2.779 -2.769 -3.899 -3.922 -3.924 -4.256 -4.238 -4.228
(1.021)*** (1.020)*** (1.019)*** (1.227)%** (1.245)*** (1.242)%** (1.339)*** (1.357)*** (1.357)***
age -0.047 -0.047 -0.047 -0.031 -0.031 -0.031 0.029 0.030 0.030
(0.013)*** (0.013)*** (0.013)*** (0.012)*** (0.012)*** (0.012)*** (0.023) (0.023) (0.023)
CV price 0.755 0.772 0.759 1.586 1.716 1.720 2.220 2.548 2.536
(1.259) (1.293) (1.294) (1.160) (1.177) (1.176) (1.423) (1.457)* (1.458)*
inst ownership 0.410 0.408 1.386 1.386 0.746 0.744
(0.935) (0.935) (0.903) (0.903) (1.206) (1.207)
Option/Income Ratio 1.330 1.042 1.458
(0.566)** (0.622)* (0.592)**
Share/Income Ratio 0.783 1.178 0.971
(0.767) (0.759) (1.318)
R? 0.18 0.18 0.18 0.24 0.24 0.24 0.40 0.40 0.40
N 16,438 16,371 16,371 16,438 16,371 16,371 16,438 16,371 16,371

Notes: This table adds the number of exercised options as a control variable to the baseline specification. Robust asymptotic standard errors reported in parentheses are
clustered at the firm level. The sample period is from 1992 to 2004 at annual frequency. All specifications control for year dummies and a full set of four-digit SIC
industry dummies unless mentioned otherwise. See the text and notes to Table C6 and Section B.2 for detailed variable definitions. %  xp < 0.01,% % p < 0.05,*p < 0.1.
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TABLE C52: MANAGERIAL COMPENSATION STRUCTURE AND FIRM INNOVATION (VALUE OF EXERCISED OPTIONS)

Tail Innov. Avg. Citations Avg. Originality
value of exercised options 0.007 0.007 0.007 0.004 0.003 0.004 0.015 0.015 0.015
(0.011) (0.011) (0.011) (0.010) (0.010) (0.010) (0.017) (0.017) (0.017)
Deferred Ratio 1.247 1.254 1.151 1.050 1.502 1.387
(0.519)** (0.525)** (0.564)** (0.572)* (0.556)*** (0.555)**
size 0.404 0.390 0.394 0.491 0.449 0.448 1.143 1.118 1.121
(0.161)**  (0.162)**  (0.162)**  (0.150)***  (0.151)***  (0.150)***  (0.244)***  (0.248)***  (0.248)***
log(R&D stock) 0.804 0.804 0.803 0.840 0.851 0.852 2.144 2.146 2.144
(0.121)***  (0.121)***  (0.122)***  (0.119)***  (0.119)***  (0.119)***  (0.203)***  (0.204)***  (0.204)***
leverage -2.737 -2.756 -2.747 -3.881 -3.905 -3.908 -4.220 -4.202 -4.193
(1.022)*** (1.021)*** (1.020)*** (1.228)*** (1.247)*** (1.244)*** (1.339)*** (1.356)*** (1.356)***
age -0.047 -0.047 -0.046 -0.031 -0.031 -0.031 0.029 0.030 0.030
(0.013)*** (0.013)*** (0.013)*** (0.012)*** (0.012)** (0.012)** (0.023) (0.023) (0.023)
CV price 0.744 0.759 0.746 1.572 1.702 1.706 2.211 2.539 2.527
(1.259) (1.292) (1.294) (1.159) (1.176) (1.175) (1.422) (1.456)* (1.457)*
inst ownership 0.409 0.407 1.386 1.387 0.741 0.740
(0.935) (0.935) (0.903) (0.903) (1.206) (1.207)
Option/Income Ratio 1.319 1.033 1.444
(0.566)** (0.621)* (0.591)**
Share/Income Ratio 0.786 1.180 0.974
(0.767) (0.759) (1.318)
R? 0.18 0.18 0.18 0.24 0.24 0.24 0.40 0.40 0.40
N 16,438 16,371 16,371 16,438 16,371 16,371 16,438 16,371 16,371

Notes: This table adds the value of exercised options as a control variable to the baseline specification. Robust asymptotic standard errors reported in parentheses are
clustered at the firm level. The sample period is from 1992 to 2004 at annual frequency. All specifications control for year dummies and a full set of four-digit SIC
industry dummies unless mentioned otherwise. See the text and notes to Table C6 and Section B.2 for detailed variable definitions. %  xp < 0.01,% % p < 0.05,*p < 0.1.
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TABLE C53: MANAGERIAL COMPENSATION STRUCTURE AND FIRM INNOVATION (WHITED-WU INDEX)

Tail Innov. Avg. Citations Avg. Originality
Whited-Wu index 1.947 1.886 1.812 0.586 0.823 0.840 -5.944 -5.511 -5.583
(5.291) (5.279) (5.277) (5.369) (5.376) (5.375) (6.944) (6.965) (6.967)
Deferred Ratio 1.334 1.344 1.222 1.127 1.632 1.525
(0.520)** (0.527)** (0.566)** (0.575)* (0.557)*** (0.556)***
size 0.483 0.467 0.466 0.514 0.485 0.485 0.838 0.837 0.837
(0.300) (0.302) (0.302) (0.298)* (0.303) (0.303) (0.418)** (0.421)** (0.421)**
log(R&D stock) 0.814 0.814 0.813 0.850 0.860 0.861 2.171 2.171 2.170
(0.121)*** (0.121)*** (0.121)*** (0.118)*** (0.119)*** (0.118)*** (0.203)*** (0.205)*** (0.205)***
leverage -2.721 -2.734 -2.720 -3.775 -3.809 -3.812 -3.879 -3.876 -3.862
(1.045)*** (1.049)*** (1.048)*** (1.223)*** (1.240)*** (1.235)*** (1.401)*** (1.417)%** (1.416)***
age -0.047 -0.047 -0.047 -0.032 -0.032 -0.032 0.026 0.027 0.027
(0.013)*** (0.013)*** (0.013)*** (0.012)*** (0.012)** (0.012)*** (0.023) (0.024) (0.024)
CV price 0.550 0.557 0.546 1.406 1.509 1.512 2.533 2.819 2.808
(1.268) (1.303) (1.304) (1.143) (1.164) (1.164) (1.424)* (1.459)* (1.460)*
inst ownership 0.397 0.395 1.340 1.340 0.726 0.724
(0.937) (0.937) (0.900) (0.900) (1.204) (1.204)
Option/Income Ratio 1.409 1.112 1.588
(0.568)* (0.625)* (0.593)%**
Share/Income Ratio 0.874 1.233 1.070
(0.767) (0.760) (1.320)
R? 0.18 0.18 0.18 0.24 0.24 0.24 0.40 0.40 0.40
N 16,350 16,284 16,284 16,350 16,284 16,284 16,350 16,284 16,284

Notes: This table adds the degree of financial constraint (measured by the Whited-Wu Index developed inWhited and Wu (2006)) as a control variable to the baseline
specification. Robust asymptotic standard errors reported in parentheses are clustered at the firm level. The sample period is from 1992 to 2004 at annual frequency. All
specifications control for year dummies and a full set of four-digit SIC industry dummies unless mentioned otherwise. See the text and notes to Table C6 and Section B.2
for detailed variable definitions. * * xp < 0.01,* % p < 0.05, *p < 0.1.
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TABLE C54: MANAGERIAL COMPENSATION STRUCTURE AND FIRM INNOVATION (HIGH DEFAULT RISK)

Tail Innov. Avg. Citations Avg. Originality
high default risk -0.533 -0.536 -0.531 -0.329 -0.218 -0.219 -0.241 -0.079 -0.075
(0.455) (0.468) (0.469) (0.379) (0.388) (0.389) (0.598) (0.620) (0.619)
Deferred Ratio 1.236 1.251 1.143 1.050 1.512 1.404
(0.520)** (0.525)** (0.564)** (0.572)* (0.556)***  (0.556)**
size 0.410 0.399 0.402 0.494 0.453 0.452 1.157 1.133 1.136
(0.160)** (0.161)** (0.161)**  (0.150)***  (0.151)***  (0.150)***  (0.243)***  (0.247)***  (0.247)***
log(R&D stock) 0.805 0.805 0.803 0.841 0.852 0.852 2.146 2.147 2.145
(0.121)*** (0.121)*** (0.122)*%** (0.119)*** (0.119)*** (0.119)*** (0.203)*** (0.204)*** (0.204)***
leverage -2.627 -2.650 -2.640 -3.811 -3.863 -3.866 -4.206 -4.229 -4.221
(1.018)*** (1.020)*** (1.019)*** (1.236)*** (1.252)%** (1.249)*** (1.350)*** (1.366)*** (1.366)***
age -0.047 -0.047 -0.047 -0.031 -0.031 -0.031 0.029 0.030 0.030
(0.013)*** (0.013)*** (0.013)*** (0.012)*** (0.012)*** (0.012)*** (0.023) (0.023) (0.023)
CV price 1.068 1.063 1.047 1.771 1.827 1.831 2.375 2.607 2.592
(1.316) (1.343) (1.344) (1.226) (1.241) (1.240) (1.438)* (1.468)* (1.468)*
inst ownership 0.345 0.344 1.360 1.361 0.734 0.733
(0.943) (0.943) (0.909) (0.909) (1.216) (1.216)
Option/Income Ratio 1.316 1.032 1.464
(0.566)** (0.621)* (0.592)**
Share/Income Ratio 0.781 1.178 0.970
(0.766) (0.759) (1.318)
R? 0.18 0.18 0.18 0.24 0.24 0.24 0.40 0.40 0.40
N 16,438 16,371 16,371 16,438 16,371 16,371 16,438 16,371 16,371

Notes: This table adds an indicator variable denoting high default risk as a control variable to the baseline specification. To construct this indicator, we first calculate the
distance-to-default and the associated probability of default following Merton (1974) and Gilchrist and Zakrajsek (2012). The value of the indicator is set to one if the
probability of default is higher than its average value in the sample. Robust asymptotic standard errors reported in parentheses are clustered at the firm level. The
sample period is from 1992 to 2004 at annual frequency. All specifications control for year dummies and a full set of four-digit SIC industry dummies unless mentioned
otherwise. See the text and notes to Table C6 and Section B.2 for detailed variable definitions. * * xp < 0.01,* * p < 0.05,*p < 0.1.



