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Abstract

Using insights from foundational agency models, this paper constructs a novel empirical mea-
sure of CEO marginal product and tests its relation with wage and corporate outcomes. Our
measure helps explain CEO compensation, indicating that it re�ects CEO talent and that the
CEO labor market is competitive. Furthermore, reminiscent of a talent distribution at the top,
its distribution is highly skewed. It also varies predictably with economic cycles and across
industries. Moreover, while our measure predicts growth in �rm size for up to 15 years, it
is inversely related to current �rm size. This result is at odds with the common notion that
the most talented CEOs are matched to the largest �rms and underscores the endogeneity of
�rm size with respect to talent, consistent with dynamics in income inequality. Finally, our
evidence indicates that CEO marginal product responds to competition shocks, thereby sup-
porting a new rationale for the e�ects of product market competition on CEO compensation.
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1 Introduction

The marginal product of a manager represents the impact she can have, through her actions

or e�ort, on �rm outcomes. Marginal product of labor is a key concept in economics and has

centrally important implications, especially when studying optimal compensation contracts. For

example, in a competitive labor market, a manager’s level of pay should be linked to her marginal

product. Measuring and understanding this potential relation can contribute to the intense debate

over modern levels of CEO pay since in principle the presence of super star CEOs can justify high

levels of pay (Rosen, 1981).1 However, estimating the marginal product of a speci�c manager is

a challenging empirical task, making it di�cult to test whether CEO pay outcomes are directly

related to CEO marginal product.2

CEO marginal product may, of course, not stem solely from CEO talent, but also from the

speci�c CEO–�rm match. For example, considering a complementarity e�ect between capital and

talent, Gabaix and Landier (2008) and Tervio (2008) argue that the recent signi�cant growth in

�rm size can explain the recent rise in CEO pay if more talented CEOs are matched to increasingly

larger �rms. While talented managers may clearly be attracted by larger �rms, they can also use

their talents to increase �rm size or even create successful, fast growing �rms in the �rst place.

This possibility would induce pay inequality dynamics (Gabaix, Lasry, Lions, and Moll, 2016) and

render the �rm size-CEO pay relation more complicated than as is assumed in prior studies.

This paper revisits these topics by constructing a novel, direct empirical measure of CEO

marginal product. Our analysis starts by examining the properties of our new measure, including

its distribution and how it varies across states of the economy. We then study how our measure of

1. For example, the rapidly increasing level of CEO pay has raised concerns about current executive pay being
excessive and a major driver of the rise in income inequality (see, e.g., Piketty and Saez, 2003), which has even
motivated the recent SEC mandate to enact disclosure requirements about the ratio of CEO to median employee pay.

2. Past studies have used di�erent methods to assess the importance of a speci�c CEO, such as measuring cor-
porate policies and performance �xed e�ects associated with the CEO (see Bertrand and Schoar, 2003) or the e�ects
of a CEO’s sudden death (Johnson, Magee, Nagarajan, and Newman, 1985) and hospitalization (Bennedsen, Pérez-
González, and Wolfenzon, 2016). Fee, Hadlock, and Pierce (2013) have recently challenged some of the results in this
literature. See also recent evidence in Jenter, Matveyev, and Roth (2016).
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CEO marginal product is related to CEO pay and corporate outcomes. Most notably, we revisit the

argument about the �rm size-CEO marginal product relation. We also test whether competition

shocks impact CEO marginal product, which can support a new rationale for existing evidence

on the e�ects of competition on CEO pay.

Our measure is theoretically motivated by foundational developments in the agency theory

literature. In particular, we derive our measure from insights in Holmström and Milgrom (1987)

and Hellwig and Schmidt (2002). In their seminal paper, Holmström and Milgrom (1987) provide

a discrete time principal-agent problem in which the agent learns and acts frequently. They then

introduce an approximation of this problem with a continuous model in which the agent con-

trols the drift but not the variance/co-variance matrix of a standard Brownian motion. The key

advantages of the Brownian approximation are mathematical tractability and direct correspon-

dence to seemingly descriptive models of the evolution of stock returns in Finance. Hellwig and

Schmidt (2002) provide a modeling structure for which the continuous-time model is the limit of

the discrete-time model and the Brownian approximation thus is valid.

One important but seemingly overlooked insight from the work by Hellwig and Schmidt

(2002) is that if the Brownian speci�cation in Holmström and Milgrom (1987) is a reasonable

representation of real world production technologies, then the realized variance of �rm perfor-

mance (stock returns) can be decomposed into two components. The �rst component represents

the fundamental risk of the �rm, whereas the second one captures the marginal product of the

CEO. Drawing on this insight, we construct an empirical measure of CEO marginal product that

matches the theoretical framework developed in Hellwig and Schmidt (2002). Speci�cally, we

study a large sample of US traded companies from 1995 to 2016. We use the variance of daily

stock returns as the realized variance of �rm performance and estimate its fundamental risk

component using the proportion of positive daily returns. From there, we retrieve an estimate of

CEO marginal product.
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We start by examining the empirical properties of this new measure. We �nd that its distribu-

tion is highly skewed, reminiscent of a talent distribution at the upper tail (Gabaix and Landier,

2008). However, the distribution of CEO marginal product may also depend on the �rm’s operat-

ing environment and the broader economy. Consistent with this, we observe that CEO marginal

product varies signi�cantly across business cycles. For example, we observe a large mass of

managers with low marginal product in 1997 and 2006, i.e. at the height of the dot–com and

housing bubbles, whereas this left-tail mass decreases sharply at the burst of these bubbles in

2000 and 2008. These patterns are consistent with the build-up of a disconnect between CEO

marginal product and �rm market capitalization during these bubble episodes and with market

forces clearing away part of this left-tail mass during downturns. They are also consistent with

managers having a stronger in�uence on �rm outcomes during economic downturns. We also

observe signi�cant variation in CEO marginal product across industries. According to our mea-

sure, the industry with the highest average CEO marginal product is Business Equipment and

Computers, which is 4.5 times higher than the industry with the lowest average CEO marginal

product, which is Utilities. This is consistent with the human capital of managers in high-tech

industries being more pivotal than in other industries.

The above mentioned empirical properties are consistent with our measure re�ecting in part

a CEO’s talent and the value she can add to her company. We �nd further support for this notion

when testing how our measure relates to CEO compensation. First, using similar speci�cations as

in Gabaix and Landier (2008), we �nd that our measure of CEO marginal product is signi�cantly

and positively related to CEO compensation. Moreover, we also �nd that our measure adds ex-

planatory power to the models estimated in Gabaix and Landier (2008), increasing the adjusted

R2 by up to 13.3 percent when focusing on the top 500 �rms. Additionally, using excess com-

pensation models developed in the literature such as the one by Core, Guay, and Larcker (2008),

we �nd that our measure helps explain residual variation in CEO pay not explained by standard

economic determinants.
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The results described so far evaluate the way our measure relates to �rm and compensation

characteristics in equilibrium. We next test how our measure responds to a perturbation to an

equilibrium by studying exogenous shocks to product market competition. Particularly, we test

the e�ect of an increase in Chinese imports to the US on future CEO marginal product. To address

potential endogeneity concerns, we follow the identi�cation strategy developed by Autor, Dorn,

and Hanson (2013) and use Chinese imports to other high-income countries as an instrument for

Chinese imports to the US.3 We �nd that our measure responds predictably to these competition

shocks: when Chinese import competition increases, future CEO marginal product decreases.

This result is consistent with managers having less of an impact on �rm outcomes when the

product market is more competitive.

One seemingly surprising result is that our measure is strongly inversely related to current

�rm size. This result contrasts with the argument that more talented managers are matched to

larger �rms. It is possible that more talented managers may still be matched to larger �rms but

have less �exibility to change �rm operations and thus less impact on �rm productivity. However,

if this is the case and there is a lack of complementarity between CEO talent and �rm size, then

why would small companies not pay more than larger companies to attract them?

One possible explanation for the inverse relationship is that our measure is not actually cap-

turing CEO marginal product and talent. To assess this possibility, we test how our measure

relates to future growth in �rm size. Our evidence shows that our measure predicts growth in

�rm size for up to 15 years. However, because high marginal product CEOs tend to run smaller

�rms in our sample, our results may simply be re�ecting decreasing return to scale, akin to what

has been argued for mutual fund managers (Berk and Green, 2004). To address this possibility

and to also control for potential non-linear relations between �rm size and marginal product,

we match �rms by industry, year and current �rm size and compare future growth across the

matched samples based on current CEO marginal product. We obtain consistent �ndings: �rms

3. See also Acemoglu, Autor, Dorn, Hanson, and Price (2016), and Autor, Dorn, Hanson, Pisano, and Shu (2017).
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with high CEO marginal product exhibit larger growth in the future. Overall, these results are at

odds with the common notion that the most talented CEOs are matched to the largest �rms and

underscore the endogeneity of �rm size with respect to talent.

Our paper contributes to several strands of literature. First, we provide a novel empirical

measure for the marginal product of a CEO. Past studies aim to capture the importance of a CEO

via related �xed e�ects or the e�ects of an unforeseen departure (Johnson et al., 1985; Bertrand

and Schoar, 2003; Bennedsen et al., 2016; Jenter et al., 2016). Some of the results in this literature

have been recently challenged by Fee et al. (2013). Our approach is di�erent and is motivated

by foundational papers in agency theory. Our �ndings suggest that this approach is a fruitful

way to capture CEO marginal product. To our knowledge, our paper is the �rst to use a stock

return volatility decomposition to directly assess the level of a CEO’s marginal product. Studying

changes in volatility across CEO tenure, Pan, Wang, and Weisbach (2015) use a related decompo-

sition to argue that investors learn about a CEO’s ability through her tenure and form predictions

on the e�ects of CEO tenure on stock return volatility. Our approach di�ers from theirs by mea-

suring a CEO’s marginal product directly rather than assessing uncertainty about her ability and

the extent to which investors learn about it.

Second, our �ndings help inform the debate over the determinants of income inequality. Our

results are at odds with the common notion that the most talented CEOs are matched to the

largest �rms, and thus cast doubt on the argument that the increase in �rm size is driving the rise

in income inequality at the top (Gabaix and Landier, 2008; Tervio, 2008). Our results highlight

the endogeneity of �rm size with respect to talent, and in that sense, they speak to the notion of

income inequality dynamics as proposed in Gabaix et al. (2016). See also Lustig, Syverson, and

Van Nieuwerburgh (2011), who endogenize the evolution of �rm size and CEO compensation

distribution.

Finally, our paper contributes to the literature on CEO compensation. According to our anal-

ysis, a signi�cant part of CEO compensation that is unexplained by standard economic determi-
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nants relates to CEO marginal product. Therefore, our �ndings indicate that controlling for CEO

marginal product may be important, especially when inferring the possibility (and magnitude)

of “excess” pay. Additionally, our analysis shows that CEO marginal product decreases following

a shock to product market competition due to increased Chinese imports. Prior works �nd that

CEO compensation responds to changes in foreign competition (see, e.g, Cuñat and Guadalupe,

2009 and Bakke, Feng, Mahmudi, and Zhu, 2018). Using a similar identi�cation strategy as we do,

Lie and Yang (2018) �nd that Chinese importation reduces CEO compensation, which contrasts

with prior evidence. They interpret their results as consistent with product market competition

mitigating rent extraction by the CEO. Our evidence points to a di�erent rationale for this e�ect.

Speci�cally, rather than producing a disciplining e�ect, a competition shock may induce a drop

in CEO compensation because of the associated decrease in CEO marginal product.

The paper continues as follows. Section 2 explains the theoretical framework from which our

measure is derived. Section 3 describes our database construction and empirical methodology.

Section 4 discusses empirical properties and evidence related to our measure. Section 5 studies

the relation between growth in �rm size and our measure of CEO marginal product. Section 6

concludes.

2 Theoretical Framework

The advances in agency theory over the past �ve decades have yielded many fundamental insights

into the optimal design of managerial incentives in the modern public corporation with disperse

outside owners and professional CEOs. While the formal models’ theoretical and conceptual

contributions are substantial, by their very nature, their empirical usefulness is somewhat more

limited. The key reason for this is that many critical features of the models which are assumed to

be common knowledge are not readily available to researchers. Features such as the contracting
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parties’ preferences or managerial ability to contribute, i.e., the CEO’s marginal product, are often

di�cult to reasonable estimate.

Consider for example the characterization of the optimal contract in the seminal Holmström

(1979):
G′(x− s(x))

U′(s(x))
= λ+ µ

fa(x, a)

f(x, a)
, (1)

where x is the terminal value of output, s(x) the agent’s share of x according to the agreed con-

tract, G′(·) andU′(·) are the marginal utility functions of the principal and agent, respectively, λ

and µ are the (strictly positive) Lagrange multipliers on the participation and the incentive com-

patibility constraints respectively, f(x, a) is the probability distribution over x as parameterized

by the agent’s equilibrium input or “e�ort,” a, and fa(x, a) is the marginal e�ect of the agent’s

e�ort (at the optimal a) on the output distribution and thus at least a local measure of the agent’s

marginal product.

The empirical challenge related to identifying a CEO’s marginal product and its relation to the

CEO’s compensation from the above Holmström (1979) characterization should then be apparent.

First, even if the preferences of the contracting parties were known, or alternatively, the impact

of properties of their preferences on s(x) could reasonably be ignored, fa(x, a) is not just local,

i.e., speci�c to a particular realization of x, it is also an out-of-equilibrium concept. Obtaining

some estimate, then, involves then both constructing some empirical measure of fa(x, a) and

being able to observe out-of-equilibrium events. Relying on exogenous shocks to productivity

cannot easily overcome this problem, however, as the resulting changes in the equilibrium a�ect

f(x, a), µ and λ as well.

To overcome some of the practical and empirical challenges presented by the early models, the

also seminal paper by Holmström and Milgrom (1987) introduced a Brownian approximation of a

discrete time/output dynamic principal agent problem. In the underlying discrete time/outcome

model, the CEO chooses (at a personal cost) the probability pi that event i = 1, ...,N occurs in a
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given sub-period and of a �xed contracting horizon, by default, the probability p = 1 − ΣN
i=1pi

that the baseline (least desirable) event "0" in that sub-period. The occurrence of event i in a given

sub-period is recorded by adding "1" to tracking account Ai while no entry (or en entry of "0") is

made to Ai in sub-periods where event i does not occur.

Holmström and Milgrom (1987) proceeds to show, that under their assumptions, the (an) op-

timal solution to the principal’s problem entails using the same contingent wage di�erentials

to implement the same action (probability vector) in each of the sub-periods. Accordingly, as

the number of sub-periods grow large, the aggregate binomial account balances for the entire

contracting horizon and becomes approximately normally distributed by the Central Limit The-

orem. Further, the mean and variance for the aggregate balance of account i are given as Tpi

and Tpi(1 − pi) respectively, where T is the number of sub-periods of the contracting horizon.

Moreover, the optimal contract can be written simply as a linear function of these aggregate ac-

count balances plus a constant appropriately chosen to meet the CEO’s standard participation

constraint.

The Brownian approximation is introduced by Holmström and Milgrom (1987) to facilitate

closed form solutions and, thus, simple comparative statics. To that end they replace the tracking

accounts with the accounts Z = (Z, ..., ZN) that records accumulated pro�ts, πi = T(πi − π0),

from event i occurring all T periods, relative to those realized in case event "0" had occurred

instead. Each event is assumed to have a strictly positive base-line probability , denoted pi,of

occurring, and the "rate of drift" for account Zi therefore is µi = πi(pi − pi),where pi is the

probability chosen by the CEO. With this, then, the CEO can be viewed as choosing the rate of

drift rather than the probability of events such that

dZ = (κa)dt+ dB, (2)
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where t refers to (the passage of) time, B is a standard N-dimensional driftless Brownian motion

with (exogenous) variance-covariance matrix Σ, and µ is the N−dimensional vector of drifts.

The key advantage of relying on the continuous Brownian Holmström and Milgrom (1987)

speci�cation of the principal-agent problem is that it also facilitates a particularly simple linear

closed form solution to the contracting problem,

s(Z) = α+ βZ, (3)

where the pay-performance sensitivity is 4

βi =
1

1+ cii (a) rσ2i/κ
2
i

, (4)

cii(a) is the second derivative of the agent’s personal cost of e�ort on task i, r is the agent’s co-

e�cient of absolute risk-aversion, σ2i is the variance of end-of-contract horizon aggregate output

i and κi here denotes the CEO’s marginal product with respect to output i.

Brownian motions are central to modeling the evolution of returns over time and the elegant

mathematics are responsible for great insights and advances in asset pricing, such as Black and

Scholes (1973). If one was to assume in the context of Holmström and Milgrom (1987), that the

CEO (mainly) controls a one-dimensional Brownian returns process, 5 the above speci�cation

clearly o�ers some opportunity to obtain estimates of κ. If, ceteris paribus, variations in c(a) and

r could be reasonably treated as orthogonal on κ, estimates of κ could be obtained from cross-

sectional variations in β not explained by variations in σ2. While certainly feasible, however,

this approach at best would yield very noisy estimates and we are not aware of studies that have

successfully taken this route.

4. It is here assumed for simplicity that Σ is diagonal and all cross-partials of c are zero.
5. Alternatively, if s/he controls a N-dimensional process that includes a return process, that returns are uncor-

related with, and technologically independent of, the other dimensions.
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Although our study fundamentally is grounded in the ideas of Holmström and Milgrom (1987),

our speci�c approach is due to the additional structure and insights provided by Hellwig and

Schmidt (2002). As noted above, Holmström and Milgrom (1987) are careful to point out that

the Brownian approximation is simply that: an approximate representation of a discrete time

dynamic model they analyze for reference but that does not (necessarily) yield the crisp closed

form solution that the Brownian approximation does. The reason for this is the well known

non-existence problem associated with an agent controlling the mean of a normally distributed

output. The Brownian speci�cation therefore must be the limiting case of a discrete time problem

in which the CEO chose to implement the same actions each and every period so normality can

be justi�ed by appealing to the Central Limit Theorem.

Of course, metrics such as "returns" do evolve in real (more or less continuous) time and

it seems reasonable and intuitive to assume that while the CEO can impact expected returns

or, equivalently the drift of returns, the uncertainty surrounding returns is not something that is

impacted by the CEO’s e�ort.6 A key question asked and answered by Hellwig and Schmidt (2002)

is under what conditions, if any, is the Brownian, drift-control only, approximation Holmström

and Milgrom (1987) precise. As they show, when (in the one dimensional "returns-case" we are

focused on) a discrete time binomial random walk controlled by the agent as well as the agent’s

cost of e�ort are scaled in a particular way based on the length of the time intervals over which

the random walk evolves, the solution to the Principal’s problem becomes independent of the

number of sub-periods. Moreover, in the continuous time limit when the length of each sub-

period approaches zero, the Brownian approximation where the CEO controls the drift but not

the variance obtains.

Our approach to estimating the CEO’s marginal product rests on a seemingly overlooked

side-insight obtained from the above-mentioned exercise: while even in the case where in the

6. Investment decisions that do are better represented as discrete events (both w.r.t. timing and magnitude) that
may require Board approval and thus may not fully be under the CEO’s continuous control.
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continuous limit the variance of B is independent of the CEO’s e�ort, it is actually proportional

to the CEO’s marginal product squared. Speci�cally, in the one-dimensional case we focus on,

equation (21) in Hellwig and Schmidt (2002) becomes simply

σ2 = κ2p̂(1− p̂)

≡ κ2σ̂2, (5)

where p̂ as in Holmström and Milgrom (1987) is the exogenously given, strictly positive base-

probability of a success in each binomial trial in a discrete-time model when the CEO exerts no

e�ort. While in equilibrium the agent does implement e�ort to increase p above p̂, when the

number of periods grows large the per-subperiod excess p over and above p̂ approaches zero and

as, a result, a�ects only the drift but not the higher moment of the returns process.

The key bene�t to us of (5) is that if a standard Brownian returns process embeds an agency

problem of the type suggested by Holmström and Milgrom (1987), the CEO’s marginal product

can relatively easily be estimated from realized stock returns. Estimating the left hand side of

(5) on high frequency return data is standard. Similarly, because p̂ closely approximates the

proportion of positive return innovations over large samples of short return windows, reliable

estimates of p̂ and thus σ̂2 are easily obtained from the same data used to estimate σ2. κ2 can

then be recovered simply as σ2/σ̂2. This is the approach we take in this paper.

3 Data and Empirical Methodology

Our sample covers �scal years 1995-2016. We obtain our data from various sources. First, we re-

trieve CEO-level variables, such as CEO age, tenure, and compensation, from ExecuComp, and we

restrict our sample to �rm-year observations that are in present in ExecuComp. We get �rm-level

annual reporting data, such as �rm sales, assets, and earnings, from Compustat, and daily stock

returns from CRSP. Some of our tests use Chinese imports to the U.S. as a shock to competition;
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for these tests, we use trade �ow data by industry, importer, exporter and year. We retrieve this

information from the �le [D1] on David Dorn’s website. See Autor et al. (2013) for more details.

As explained in the previous section, we retrieve an empirical measure of CEO marginal prod-

uct by estimating σ2X and σ̂2 in (5) and then computing the ratio σ2X/σ̂2.We do so by using daily

stock returns to compute the relevant measures on an annual basis for each �rm in our sample.

To estimate Total Risk, σ2X, we compute the annual standard deviation of daily returns for each

�rm in our sample and square it to arrive at stock return variance. As argued in the previous

section, Fundamental Risk, σ̂2, can be retrieved by estimating the probability of a positive return,

p̂, and computing p̂(1 − p̂). For each �rm, we estimate the fraction of positive daily returns in

a speci�c year (Proportion positive), and then compute Fundamental Risk as Proportion positive ∗

(1− Proportion positive). Finally, the marginal product of the CEO, CEO MP, is computed as the

ratio of Total Risk to Fundamental Risk. In our analyses, we winsorize all variables at the 1st and

99th percentiles.

Table 1 provides summary statistics for our main variables. The �rms in our sample are large

because of the ExecuComp data restriction. The average total assets are $15 billion, total revenues

are $5.6 billion, and market capitalization is $8 billion. The average CEO in our sample is 56 years

old, is paid about $5 million a year and has tenure of 8 years.7 Total Risk, which represents the

annual variance of daily stock returns, averages 9.2 percent. This number is similar to Bollen

(1998), who report an 11 percent annual variance of daily returns for NYSE-AMEX stocks in 1994.

Proportion positive, which is the proportion of daily stock movements that is positive, averages

48.7 percent. Fundamental Risk, estimated as Proportion positive∗(1 -Proportion positive), averages

24.8 percent. Our measure of CEO marginal product, CEO MP, averages 0.38 percent.

[Insert Table 1 here.]

7. Using ExecuComp variables, we calculate CEO tenure as (datadate− becameceo)/365. There are 951 �rm-year
observations in our sample for which becameceo is missing in the ExecuComp database, and an additional 1,173
observations for which datadate < becameceo. For these observations, we replace becameceo with the datadate of
the �rst year the CEO appears in the database.
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4 Empirical Properties and Evidence

4.1 Distribution

Figure 1 plots the density of our measure of CEO marginal product, CEO MP. The density is

highly right-skewed, appearing to follow something like a Pareto distribution in which the most

productive CEOs are orders of magnitude more productive than the average CEO in our sample.8

[Insert Figure 1 here.]

4.2 Variations over Time and across Industries

The top graph in Figure 2 plots the average of our CEO marginal product measure by year. CEO

MP tends to be low during the dot-com and housing bubbles and peak when these bubbles burst.

These patterns are consistent with the build-up of a disconnect between CEO marginal product

and �rms’ market capitalization during these bubble episodes and with market forces clearing

away part of this left-tail mass during downturns. They are also consistent with managers having

a stronger in�uence on �rm’s outcomes during economic downturns.

[Insert Figure 2 here.]

This phenomenon can be seen more explicitly in the bottom graph of Figure 2, which overlays

the density plots of 2006, during the housing bubble, and 2008, during the great recession. In 2006,

most of the density mass falls right above zero. Plots look similar when we overlay years during

the dot com bubble (e.g. 1997) with years after the bubble has burst (2000).

Figure 3 plots the mean of our measure of CEO marginal product across industries, using the

Fama-French 12 industry classi�cation. The industry with highest average CEO MP is Business

8. While we winsorize CEO MP at 1 and 99 percent in our analyses, we do not do so in Figure 1, as there we aim
to present a full picture of the distribution. However, we still winsorize at 99.9 percent because the distribution is so
skewed that absent winsorization it appears as if all of the mass is clustered at zero.
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Equipment, which includes computers, software and electronics. The industry with the low-

est average CEO MP is Utilities. The economic magnitude of the di�erence in average CEO

marginal product between these two industries is large. According to our measure, the aver-

age CEO marginal product in Business Equipment and Computers is 4.5 times higher than the

one in Utilities. Human capital of managers in high-tech industries is likely to be more pivotal in

�rm performance than in other industries.

[Insert Figure 3 here.]

4.3 Firm and CEO Characteristics

In Table 2, we explore contemporaneous factors of CEO marginal product. We �nd a signi�cant

negative relationship between CEO MP and �rm size, where size is measured as logged assets,

logged sales, and logged market value in columns (1), (2), and (3), respectively. We include busi-

ness segments as a measure of �rm complexity and �nd that its coe�cient is consistently negative

and is signi�cant in two out of the three speci�cations. The negative coe�cients on size and busi-

ness segments suggest that CEOs are able to exert more in�uence in nimble �rms that are small

and less complex. We also include CEO tenure as a measure of CEO experience and �nd that its

coe�cient is negative and signi�cant, suggesting that younger CEOs are more productive. Note

also that the fact that CEO tenure relates signi�cantly to CEO MP suggests that our measure of

CEO marginal product is capturing CEO-speci�c variations.

[Insert Table 2 here.]

4.4 CEO Marginal Product and CEO Compensation

In this section we study the relation between CEO marginal product and CEO compensation

through two separate approaches, each grounded in prior literature. The �rst tests how CEO

marginal product relates to CEO compensation using a similar speci�cation as in Gabaix and
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Landier (2008), and the second tests how CEO marginal product relates to residual variation using

an expected compensation model resembling the one in Core et al. (2008).

If the CEO labor market is competitive, we expect CEO MP to be positively related to CEO

compensation. We test this prediction in two ways. First, we estimate the following model, which

mirrors the regressions presented in Table II of Gabaix and Landier (2008).

Ln(1+CEO Comp.)t = γ0 + γ1(CEO MP of prior s years) + γ2Ln(1 + Market Value)t−1

+ γ3Ln(1 + Market Value of �rm 250)t−1 + γ4Fundamental Riskt−1 (6)

Following Gabaix and Landier (2008), we include market value as a measure of �rm size,

rank �rms by market value for each year, and include in the model the market value of the �rm

ranked 250 for each year. In two sets of speci�cations, we restrict the sample to include only the

largest 1000 and 500 �rms for each year. We include industry �xed e�ects in all speci�cations. In

untabulated results, we �nd that the results also hold when we use �rm �xed e�ects.

We take steps to ensure that CEO MP is generated by the same CEO who is being compen-

sated and that the compensation contracts in place are re�ective of the CEO’s marginal product.

Because we expect a CEO’s talent and productivity to in�uence her compensation contract (writ-

ten at the beginning of year t), we measure CEO MP over prior years. Speci�cally, we measure

CEO MP over the prior 1, 3, and 5 years, requiring that CEO tenure be at least 2, 4 and 6 years by

the end of year t, respectively. To account for the possibility that a positive coe�cient on CEO

MP is simply compensation for risk, we control for Fundamental Risk in all speci�cations.

The results are presented in Table 3. Consistent with Gabaix and Landier (2008), we �nd that

CEO compensation is increasing in both �rm size and the size of the 250th largest �rm. We �nd

that CEO MP is signi�cantly and positively related to CEO compensation in all six speci�cations.

In our second test, we study how our measure of CEO marginal product relates to the com-

ponent of CEO compensation that is unexplained by standard economic factors. We start by
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assessing Excess Compensation, which is the residual from the following model of expected com-

pensation:

Ln(1+CEO Comp.)t = β0 + β1Ln(1+CEO tenure)t + β2Ln(1 +Sales)t−1

+ β3S&P500t−1 + β4Book to Markett−1 + β5RETt (7)

+ β6RETt−1 + β7ROAt + β8ROAt−1 + β9Fundamental Riskt

Except for Fundamental Risk, all variables are taken from the expected compensation model

in Core et al. (2008). We replicate the expected compensation model of Core et al. (2008) in

column (1) of Table A1 in Appendix A. In column (2) of Table A1, we include Fundamental Risk

and �nd that its coe�cient is a positive and signi�cant, consistent with the notion that �rms

compensate their CEO for risk exposure as predicted in standard agency models. We retrieve

ˆLn(1+ CEOComp) from this latter speci�cation. We then compute %Excess Compensation by

subtracting ˆLn(1+ CEOComp) from Ln(1+ CEOComp).

In Table 4, we regress estimated %Excess Compensation on our measure of CEO marginal

product. As in Table 3, we measure CEO MP over the prior 1, 3 and 5 years and use CEO tenure

restrictions to ensure that the same CEO being compensated was in place during the respective

measurement horizons. We �nd that CEO MP is positively and signi�cantly related to %Excess

Compensation.

[Insert Table 4 here.]

Figure 4 displays the relationship between CEO MP and %Excess Compensation in a nonpara-

metric way. In the graph, CEO MP is measured over the prior three years (and CEO tenure is

restricted to be greater than or equal to four years). We form deciles by CEO MP, compute av-

erage %Excess Compensation in each decile, and then plot those averages over CEO MP. We �nd

that CEOs with higher marginal product receive more compensation unexplained by economic

factors and that the magnitude of this e�ect is increasing in CEO marginal product. In robustness
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checks that are not reported, we �nd that the relationship holds when we divide the sample into

20 and 50 quantiles instead of 10 and when CEO MP is measured over the prior year or the prior

�ve years (with appropriate CEO tenure requirements).

[Insert Figure 4 here.]

These results are consistent with the presence of a market for CEO talent, where �rms com-

pete to attract superstar CEOs. They also suggest that CEOMP is capturing variations at the CEO

level and that part of what has been identi�ed as “excess pay” in prior work can be related to CEO

marginal product.

4.5 Competition Shocks

Our results in the previous subsections gauge the way CEO MP relates to �rm and compensation

characteristics at the equilibrium. This subsection tests how CEO MP reacts when there is a

perturbation to this equilibrium by studying shocks to the competition faced by the company.

Speci�cally, we use Chinese imports to the United States as a shock to competition in domestic

manufacturing �rms. The level of imports vary by industry, providing a quasi-natural experiment

in which we study how changes in competition a�ect CEO marginal product. However, average

CEO marginal product in the U.S. and Chinese import competition may be jointly determined.

For example, Chinese importers may compete less successfully in domestic industries with high

CEO marginal product and may be less inclined to enter those domestic industries in the �rst

place.

Following recent work in labor economics (Acemoglu et al., 2016; Autor et al., 2013, 2015,

2016; Autor, Dorn, Hanson, and Song, 2014, among others), we account for these potential endo-

geneity issues by using Chinese imports to other high-income countries as an instrument for Chi-

nese import penetration in the United States. Chinese exports to industries in other high-income

countries are less likely to be driven by the marginal product of CEOs in the U.S. Conceptually,
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the level of Chinese exports to non-U.S. high-income countries constitute a valid instrument for

domestic competition because they correlate with domestic competition (satisfying the relevance

criterion) and correlate with domestic CEO marginal product only through their correlation with

domestic competition (satisfying the exclusion restriction).

Table 5 tests how (instrumented) Chinese-to-USA imports a�ect CEO MP. We include �rm

and year �xed e�ects in all speci�cations. We �nd that a shock to competition in year t reduces

CEO MP in year t+1.9 The results hold when we control for size and fundamental risk. To ad-

dress the potential concern that we are capturing competition shocks a�ecting future risk rather

than future CEO marginal product, in untabulated analyses we re-run columns (1) and (2) using

Fundamental Riskt+1 as the dependent variable and �nd that the signi�cance disappears.

These results indicate that when competition is more �erce due to an increase in Chinese

imports, the future marginal product of the CEO decreases according to our measure. This result

is consistent with managers having less of an impact on �rm outcomes when the product market

is more competitive.

[Insert Table 5 here.]

5 Firm Size and CEO Marginal Product

In the previous section, we �nd that our measure of CEO marginal product is signi�cantly and

consistently negatively related to current �rm size. This result is at odds with the notion that

more talented managers are matched to larger �rms. In this section, we explore the dynamic

relationship between �rm size and CEO marginal product by testing the extent to which our

CEO marginal product measure predicts future changes in �rm size.

9. Note that tari�s are measured over calendar year, while marginal product is measured over �scal year. In
untabulated analyses, we �nd that the results hold when we instead measure marginal product over calendar year.
We also �nd that the results hold when we restrict the sample to �rms with a December �scal year end.
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We start by testing the relation between CEO MP and growth in �rm size using several time

windows to measure future growth. Speci�cally, we consider �rm size growth over 3, 5, 7,

11, and 15 years into the future. Growth in �rm size from period t to period t+s is de�ned as

(sizet+s− sizet)/sizet. We control for unobserved heterogeneity across industries and over time

by including industry and year dummies. In untabulated analyses, we �nd that the results hold

when we control for current year �rm size. Table 6 reports the results. We consider same mea-

sures of �rm size as in Gabaix and Landier (2008), speci�cally �rm sales (Panel A), total assets

(Panel B), and market capitalization (Panel C).

[Insert Table 6 here.]

In general, we �nd that CEO MP is positively related to future growth in �rm size. The co-

e�cients are positive and signi�cant across all considered time horizons when measuring �rm

size through �rm sales and market capitalization. When using total assets as a measure of �rm

size, the coe�cient is positive for horizons of 5 or more years and is signi�cant for horizons of

11 or more years. It is possible that the weaker results when considering shorter time horizons

is related to the e�ects of CEO actions on this variable. For example, investment can a�ect the

book value of assets and thus mask the e�ects on growth in the short-run. On the other hand,

sales-based measures are less likely to be a�ected by this consideration. Moreover, market cap-

italization is a market-based measure. Thus, it is forward-looking and more likely to capture

future changes in growth when using short-run horizon windows.

Because high marginal product CEOs tend to run smaller �rms in our sample, our results may

simply be re�ecting decreasing returns to scale, akin to what has been argued for mutual fund

managers (Berk and Green, 2004). To address this possibility and also to control for a non-linear

relation between �rm size and CEO marginal product, we match �rms based on current �rm

size, industry, and year, and compare future growth across �rms based on current CEO marginal

product. Speci�cally, we create samples of high and low marginal product CEOs by year and

match across those samples using a nearest-neighbor match by size (current �rm sales) and force
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exact matches by year and industry. Figure B1 in Appendix B shows the covariate balance across

the matched samples and con�rms that our samples are well balanced in terms of current �rm

size. Table 7 reports the results of our matching exercise. In columns (1) and (2) of Table 7, we

assign observations to the high and low groups based on whether they fall above or below the

median of our variable CEO MP. In columns 3 and 4, we use the top and bottom quartiles of CEO

MP for the high and low CEO marginal product groups.

[Insert Table 7 here.]

The results show that the average treatment e�ect of high marginal product on sales growth

is positive and signi�cant. The e�ect is larger and more signi�cant for sales growth ten years

into the future (columns 2 and 4) than �ve years into the future (columns 1 and 3). The results

suggest that the CEO MP-�rm size relation is not driven by diminishing returns: between two

�rms of similar size and in the same industry, the �rm with higher CEO marginal product has

higher future sales growth. In untabulated analyses, we �nd that the results hold when we match

based on total assets or market capitalization instead of sales, when we look 3 years into the

future rather than 5 and 10, and when we use growth in total assets or market capitalization as

outcome variables rather than growth in sales.

Overall, the results of this section show that our measure CEO MP is positively related to

future growth in �rm size. These results support the notion that our measure captures CEO

marginal product since we expect that �rms with high marginal product CEOs to perform better

in the future. They thus underscore the endogeneity of �rm size with respect to CEO talent.

Because talented CEOs create size, they have a long-lasting impact on �rms. These �ndings,

along with those in the previous section, point to potential dynamics in income inequality due to

the �rm size-CEO marginal product relationship.
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6 Conclusion

This paper constructs a novel empirical measure of CEO marginal product and tests its rela-

tion with wage and corporate outcomes. Our measure is derived from the theoretical insights

in Holmström and Milgrom (1987) and Hellwig and Schmidt (2002). Speci�cally, by estimating

the fundamental risk component from �rm’s total risk, one can retrieve a measure of CEO’s

marginal product. Estimating this measure for large US companies from 1995 to 2016, we �nd

that it helps explain CEO compensation outcomes, indicating that it re�ects CEO talent and that

the magnitude of “excess” pay might be lower than as estimated in previous studies. Further-

more, reminiscent of a talent distribution at the upper tail, its distribution is highly skewed. This

measure also varies predictably with economic cycles and across industries. It also responds to

competition shocks, thereby supporting a di�erent rationale for the prior documented e�ects of

product market competition on CEO compensation. Finally, while our measure CEO marginal

product predicts growth in �rm size for up to 15 years, it is inversely related to current �rm size.

This result is at odds with the common notion that the most talented CEOs are matched to the

largest �rms and underscores the endogeneity of �rm size with respect to talent, consistent with

dynamics in income inequality.
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Table 1: Summary Statistics

This table presents the mean, standard deviation (sd), �rst quartile (p25), median (p50), third
quartile (p75) and number of observations (N) for the main variables used in this paper. CEO
Compensation is the variable tdc1 from ExecuComp and measures CEO total direct compensation
for the year. Book to Market is measured as total assets divided by the sum of liabilities and
market value of common shares; using Compustat items, at/(at − ceq + csho ∗ prcc). Return
on Assets is measured as net income divided by the average of beginning and ending total assets.
Annual Returns is the variable trs1yr from ExecuComp and measures total returns to shareholders
for the year, including dividends. Total Risk is the variance of daily stock returns for the year.
Proportion Positive is the number of positive daily stock returns for the year divided by the total
number of stock returns for the year. Fundamental Risk is measured as Proportion positive ∗ (1−
Proportion positive). CEO MP is derived as Total Risk divided by Fundamental Risk.

mean sd p25 p50 p75 N

CEO Compensation (thousands) 5,191 8,956 1,383 2,963 6,190 34,840
CEO Age 56 7 51 56 61 33,973
Tenure 8 7 3 6 11 34,962
Total Assets (millions) 15,068 86,028 593 1,861 6,690 34,967
Total Revenues (millions) 5,574 17,432 470 1,264 3,964 34,964
Market Value (millions) 7,988 25,950 591 1,597 5,034 33,908
Firm Age 25 19 11 20 35 34,967
Book to Market(%) 67.2 27.5 46.5 67.8 88.1 34,958
Return on Assets (%) 3.7 12.8 1.2 4.3 8.5 32,349
Annual Returns (%) 17.5 64.5 -12.4 11.0 35.3 34,937
Total Risk (%) 9.2 13.7 2.8 5.2 10.4 34,967
Proportion Positive (%) 48.7 4.6 46.0 49.2 52.0 34,967
Fundamental Risk (%) 24.768 0.465 24.756 24.923 24.986 34,967
CEO MP (%) 0.375 0.564 0.112 0.211 0.422 34,967
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Table 2: Contemporaneous Factors of CEO Marginal Product

This table presents estimates from OLS regressions ofCEOMP on �rm size and other factors. Firm
size is measured by logged assets, sales, and market value in columns (1), (2) and (3), respectively.
Variables are winsorized at 1 and 99 percent. CEO MP and Fundamental Risk are presented in
percentage terms. All logged variables are calculated as the natural log of one plus the relevant
variable. Standard errors are clustered by �rm. t-statistics are shown in parentheses. *, **, and ***
indicate statistical signi�cance at the 10 percent, 5 percent, and 1 percent levels, respectively.

(1) (2) (3)
CEO MP CEO MP CEO MP

Log(Total Assets) -0.05***
(-17.19)

Log(Sales) -0.05***
(-15.60)

Log(Market Value) -0.06***
(-21.71)

Log(Number of Business Segments) -0.01* -0.01 -0.02***
(-1.84) (-1.59) (-3.09)

Log(CEO Tenure) -0.02*** -0.02*** -0.02***
(-3.40) (-3.40) (-3.31)

Fundamental Risk -0.24*** -0.23*** -0.19***
(-8.55) (-8.51) (-8.09)

Observations 7,526 7,525 7,463
Industry �xed e�ects Yes Yes Yes
Year �xed e�ects Yes Yes Yes
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Table 3: CEO Marginal Product and Compensation at the Top

This table presents results from OLS regressions of (logged) CEO Compensation on CEO MP. We
measure CEO MP over the prior 5, 3, and 1 years, with the respective requirements that CEO
tenure be greater than or equal to 6, 4 and 2 years. We include prior year (logged) market value
as a measure of �rm size. We rank �rms by market value for each year. In columns (1) through
(3) we restrict the sample to the largest 1000 �rms, and in columns (4)-(6) we restrict the sample
to the largest 500 �rms. Following Gabaix and Landier (2008), we control for the size of the �rm
ranked 250th largest �rm for each year. All logged variables are calculated as the natural log of
one plus the relevant variable. Variables are winsorized at 1 and 99 percent. t-statistics are shown
in parentheses. *, **, and *** indicate statistical signi�cance at the 10 percent, 5 percent, and 1
percent levels, respectively.

Top 1000 �rms Top 500 �rms

(1) (2) (3) (4) (5) (6)
Log

Comp
Log

Comp
Log

Comp
Log

Comp
Log

Comp
Log

Comp
MP(t-5 to t-1) 21.30*** 15.75***

(4.58) (3.01)
MP(t-3 to t-1) 24.03*** 19.11***

(6.85) (4.81)
MP(t-1) 23.49*** 19.93***

(9.14) (7.27)
Log(MktVal)t-1 0.43*** 0.45*** 0.44*** 0.33*** 0.37*** 0.35***

(28.04) (33.92) (39.64) (14.17) (18.19) (21.18)
Log(MktVal of #250)t-1 0.27*** 0.26*** 0.34*** 0.30*** 0.31*** 0.39***

(9.00) (9.10) (13.83) (7.58) (7.88) (11.84)
Fundamental Riskt-1 7.78*** 10.67*** 10.76*** 13.48*** 13.87*** 14.03***

(2.92) (4.37) (5.80) (4.48) (4.92) (6.58)
Observations 9,167 10,173 15,544 4,543 4,887 7,619
Adjusted R2 0.30 0.34 0.32 0.24 0.27 0.25
Industry Fixed E�ects Yes Yes Yes Yes Yes Yes
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Table 4: CEO Marginal Product and Excess Compensation

This table presents results from OLS regressions of %Excess Compensation on CEO MP. CEO MP
is measured over the prior 5 years, 3 years, and 1 year in columns (1), (2) and (3), respectively.
We restrict the sample in columns (1), (2), and (3) by requiring CEO tenure to be greater than
or equal to 6, 4 and 2 years, respectively. %Excess Compensation is derived from a model of ex-
pected (logged) compensation which includes all variables from Core, Guay, and Larcker (2008)
as well as Fundamental Risk; a speci�cation of this model is shown in column (2) of Table A1 in
the appendix. We adjust the expected compensation model to match the CEO MP measurement
horizons presented in this table and their associated tenure restrictions. Speci�cally, when deriv-
ing % Excess Compensation in columns (1), (2) and (3) below, we match the CEO MP measurement
horizons by restricting the sample to observations with tenure greater than or equal to 6, 4 and 2
years, respectively Additionally, columns (1), (2) and (3) include Fundamental Risk measured over
the prior 5 years, 3 years and 1 year, as well as contemporaneous fundamental risk. Variables
are winsorized at 1 and 99 percent. t-statistics are shown in parentheses. *, **, and *** indicate
statistical signi�cance at the 10 percent, 5 percent, and 1 percent levels, respectively.

(1) (2) (3)
%Excess

Compensation
%Excess

Compensation
%Excess

Compensation
MP(t-5 to t-1) 8.61***

(4.07)
MP(t-3 to t-1) 5.49***

(3.29)
MP(t-1) 2.42**

(2.03)
Observations 14,633 18,174 25,367
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Table 5: The E�ect of Competition Shocks on CEO Marginal Product

This table presents OLS estimates the e�ect of a shock to competition in year t on CEO MP in
year t+1. We use Chinese imports to the U.S. as a shock to competition in manufacturing indus-
tries. Following Autor, Dorn, and Hanson (2013), we use Chinese imports to other high-income
countries as an instrument for Chinese imports to the U.S. Observations are at the �rm-year level
while the import variable is measured at the industry-year level. CEO MP and Fundamental Risk
are presented in percentage terms. All logged variables are calculated as the natural log of one
plus the relevant variable. Standard errors are clustered at the �rm level. t-statistics are shown
in parentheses. *, **, and *** indicate statistical signi�cance at the 10 percent, 5 percent, and 1
percent levels, respectively.

CEO MPt+1 CEO MPt+1 CEO MPt+1

Log(Chinese-to-USA imports IV)t -0.07** -0.07** -0.07**
(-2.30) (-2.46) (-2.49)

Log(Total Assets)t -0.07*** -0.07***
(-2.74) (-2.80)

Log(Fundamental Risk)t -8.24**
(-2.39)

Observations 4,864 4,864 4,864
Firm �xed e�ects Yes Yes Yes
Year �xed e�ects Yes Yes Yes
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Table 6: CEO Marginal Product as a Predictor of Growth - OLS Analysis

This table presents results from OLS regressions of CEO MP on future growth in �rm size. We
measure size as sales, assets, and market capitalization in Panels A, B, and C, respectively. We
measure �rm growth from period t to t+s as (sizet+s− sizet)/sizet. Standard errors are clustered
at the �rm level. All variables are winsorized at 1 and 99 percent. t-statistics are shown in paren-
theses, and *, **, and *** indicate statistical signi�cance at the 10 percent, 5 percent, and 1 percent
levels, respectively.

Panel A: CEO Marginal Product as a Driver of Future Sales

Growth
t+3

Growth
t+5

Growth
t+7

Growth
t+11

Growth
t+15

CEO MPt 13.4*** 43.1** 85.7*** 263.0*** 607.2**
(2.67) (2.56) (2.69) (2.65) (2.44)

Observations 25,578 20,555 16,244 9,283 4,818
Adjusted R2 .041 .035 .032 .055 .062
Industry �xed e�ects Yes Yes Yes Yes Yes
Year �xed e�ects Yes Yes Yes Yes Yes

Panel B: CEO Marginal Product as a Driver of Future Assets

Growth
t+3

Growth
t+5

Growth
t+7

Growth
t+11

Growth
t+15

CEO MPt -0.8 9.5 20.4 95.5*** 179.0***
(-0.33) (1.16) (1.53) (2.78) (2.88)

Observations 25,592 20,562 16,249 9,287 4,820
Adjusted R2 .026 .023 .027 .044 .07
Industry �xed e�ects Yes Yes Yes Yes Yes
Year �xed e�ects Yes Yes Yes Yes Yes

Panel C: CEO Marginal Product as a Driver of Future Market Capitalization

Growth
t+3

Growth
t+5

Growth
t+7

Growth
t+11

Growth
t+15

CEO MPt 84.0*** 152.1*** 155.7*** 172.1*** 288.5***
(7.53) (8.82) (7.71) (4.03) (3.47)

Observations 24,691 19,847 15,668 8,954 4,679
Adjusted R2 .075 .1 .078 .046 .047
Industry �xed e�ects Yes Yes Yes Yes Yes
Year �xed e�ects Yes Yes Yes Yes Yes
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Table 7: CEO Marginal Product as a Predictor of Growth - Matching Analysis

This table presents OLS estimates of the e�ect of high CEO MP on sales growth 5 and 10 years
into the future using a matching technique. We create samples of high and low CEO MP by year
and match high CEO MP �rms to low CEO MP �rms. We do a nearest-neighbor match by size
(measured as logged sales) and force exact matches on year and industry. In columns (1) and (2),
we assign observations to the high and low groups based on whether they fall above or below the
median of CEO MP that year. Logged sales are calculated as the natural log of one plus sales. In
columns (3) and (4), we use the top and bottom quartiles ofCEOMP (by year) to construct the high
and low groups. z-scores are shown in parentheses. *, **, and *** indicate statistical signi�cance
at the 10 percent, 5 percent, and 1 percent levels, respectively. Variables are winsorized at the 1st
and 99th percentiles.

(1) (2) (3) (4)
Sales Growth

t+5
Sales Growth

t+10
Sales Growth

t+5
Sales Growth

t+10
ATE of high CEO MP
Above/below median 0.0975*** 0.565***

(3.63) (4.43)
4th/1st quartile 0.152** 1.054***

(2.48) (4.48)
Observations 18,589 9,598 8,455 4,088
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Figure 1: Distribution of CEO Marginal Product

This �gure presents the distribution of CEO MP for all �rm-years, where CEO MP is winsorized
at 99.9 percent.
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Figure 2: CEO Marginal Product Over Time

The top graph plots the mean of CEO MP over time. The bottom graph plots the density of CEO
MP for years 2006 and 2008. CEO MP is winsorized at 1 and 99 percent.
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Figure 3: CEO Marginal Product by Industry

This �gure plots the mean of CEO MP by industry, using Fama-French 12 industry classi�cation.
CEO MP is winsorized at 1 and 99 percent.
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Figure 4: CEO Marginal Product and Excess Compensation

This �gure displays the relationship between CEO MP and %Excess Compensation nonparametri-
cally. We form deciles of CEO MP, compute average %Excess Compensation for each decile, and
then plot those averages over CEO MP. CEO MP is measured over years t-3 through t-1, where
CEO tenure is required to be at least four years. %Excess Compensation is derived from the ex-
pected (logged) compensation model provided in column (2) of Table A1 in the Appendix.
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Appendix A: Supplemental Tables

Table A1: Expected compensation model

This table replicates the expected compensation model from Core, Guay, and Larcker (2008) (their
Table 4, column 1) which regresses logged total compensation on economic determinants of com-
pensation common in prior literature. Column (1) restricts the sample to years 1995-2001 to get
closer to their sample. Column (2) uses our full sample of years 1995-2016 and includes Funda-
mental Risk. We use column (2) as our model of expected compensation and use the residuals from
this model to calculate Excess Compensation. All logged variables are calculated as the natural log
of one plus the relevant variable. We winsorize all variables at 1 and 99 percent. t-statistics are
shown in parentheses. *, **, and *** indicate statistical signi�cance at the 10 percent, 5 percent,
and 1 percent levels, respectively. Following Core, Guay, and Larcker (2008), we use Huber-White
robust standard errors. Results are robust to clustering by �rm.

(1) (2)
Log(Compensation) Log(Compensation)

Log(Tenure)t 0.00 0.01
(0.24) (1.08)

Log(Sales)t-1 0.46*** 0.44***
(60.67) (128.09)

S&P500t -0.02 0.00
(-0.65) (0.16)

Book-to-Markett-1 -1.01*** -0.70***
(-18.47) (-28.50)

RETt 0.31*** 0.27***
(13.11) (22.34)

RETt-1 0.20*** 0.18***
(7.30) (14.68)

ROAt -0.74*** -0.40***
(-4.41) (-5.46)

ROAt-1 -0.52*** -0.51***
(-3.14) (-7.27)

Fundamental Riskt 22.94***
(12.20)

Observations 6,711 30,108
Adjusted R2 .48 .52
Industry �xed e�ects Yes Yes
Year �xed e�ects Yes Yes
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Appendix A: Supplemental Tables

Table A2: Instrumental Variable First-Stage Results

This table reports the �rst-stage regression results from the instrumental variable analyses in
Table 5. The dependent variable, measured at the industry level, is logged Chinese imports to
the U.S. The instrument is the logged Chinese imports to eight other high-income countries. We
winsorize all variables at 1 and 99 percent. All logged variables are calculated as the natural log of
one plus the relevant variable. t-statistics are shown in parentheses. Standard errors are clustered
by �rm. *, **, and *** indicate statistical signi�cance at the 10 percent, 5 percent, and 1 percent
levels, respectively.

(1) (2) (3)
Log(China-to-US) Log(China-to-US) Log(China-to-US)

Log(China-to-Other) 0.550*** 0.546*** 0.548**
(12.57) (12.54) (12.68)

Log(Total Assets) -0.099** -0.110**
(-2.21) (-2.39)

Log(Fundamental Risk) 10.677*
(1.68)

Observations 4,677 4,677 4,677
Adjusted R2 .97 .97 .97
Firm �xed e�ects Yes Yes Yes
Year �xed e�ects Yes Yes Yes
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Appendix B: Supplemental Figures

Figure B1: Covariate Balance across Matched Samples

These plots show the density plots of the control (lowCEOMP) and treated (highCEOMP) groups
before and after matching. In the top plot, the treatment and control groups are �rms that fall
above and below the median of CEO MP by year, respectively. In the bottom plot, the treatment
and control groups are �rms in the 4th and 1st quartiles of CEO MP by year, respectively.
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