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Abstract
The aim of executive compensation plans is to incentivize executives to maximize
long-term firm value. Past research shows that executives’ pay is determined by
short-term stock performance to a substantial degree. This paper tests for distribu-
tional differences in the time horizon of the performance–pay relation, controlling for
executive-firm fixed effects in a quantile regression framework. I identify short-term
and long-term firm and industry performance using a filter and estimate distributional
differences in the short-term and long-term performance–pay relation using method
of moments–quantile regression (Machado and Santos Silva in J Econ 213:145–173,
2019). I find the right tail of the conditional total compensation distribution has a more
long-term-oriented performance–pay relation than the left tail. By contrast, the right
tail of the conditional accumulated wealth distribution has more short-term-oriented
performance–pay relation than the left tail. Results show that asymmetry in short-
term firm performance–pay relations may exist, but do not vary across the conditional
distribution.
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1 Introduction

The short-term orientation of executive pay is a fundamental shortcoming of compen-
sation practices. Former US Treasury Secretary Geithner stated that

This financial crisis had many significant causes, but executive compensation
practiceswere a contributing factor. Incentives for short-termgains overwhelmed
the checks and balances meant to mitigate against the risk of excess leverage…-
Companies should seek to pay top executives in ways that are tightly aligned
with the long-term value and soundness of the firm.1

A fundamental recommendation made by the Treasury in the same press release is
that “compensation should be structured to account for the time horizon of risks.”
Past crises have shown that if firms do not account for short-term changes to firm
performance in their compensation contracts, this can have severe consequences.

Despite recent policy changes, compensation practices are continuing to be heav-
ily criticized in the media.2 Thus, this paper addresses short-termism in executive
compensation. I focus specifically on distributional heterogeneity in the time horizon
of performance–pay elasticities using yearly total compensation, and accumulated
wealth. The main question I address asks if pay at the top of the conditional distribu-
tion is more short-term oriented?

The research question comes from the criticism that executives benefit excessively
from short-term changes in firm value (Bebchuk and Fried 2004; Edmans et al. 2017a).
Graham et al. (2005) find that 78% of executives are willing to sacrifice long-term firm
value to outperform the market’s expectations. I test if the relation of executive pay
to short-term and long-term firm and industry performance is heterogeneous across
the conditional yearly compensation and total wealth distribution, using the Method
of Moments–Quantile Regression (MM–QR) (Machado and Santos Silva 2019). I
also allow for asymmetric response of pay to positive and negative short-term firm
performance in a second specification, as in the asymmetric benchmarking literature
(Garvey and Milbourn 2006; Campbell and Thompson 2015; Daniel et al. 2019).

I employ a panel quantile regression methodology developed byMachado and San-
tos Silva (2019), to account for endogeneity driven by risk preferences and other latent
personality traits, assuming they are time-constant, and executive-firm specific. The
strength of the estimator is that it accounts for unobserved average, and distributional
heterogeneity with executive-firm fixed effects, which is not the case for most other
panel quantile regression estimators (Machado and Santos Silva 2019). It also gives
direct inference on the significance of distributional effect heterogeneity, which I use
to test the hypotheses.

The literature hitherto has identified short-termism as a problem (Narayanan 1985;
Bebchuk and Stole 1993; Edmans et al. 2019; Marinovic and Varas 2019), but not
systematically assessed distributional differences in the time horizon of executive
compensation. I find significant distributional heterogeneity of short-term and long-

1 https://www.treasury.gov/press-center/press-releases/Pages/tg163.aspx.
2 See, for example, The Economist, July 11, 2020, “How CEO pay in America got out of whack.”
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term performance–pay relations.3 Total yearly compensation, a flow measure of pay,
is more sensitive to short-term firm performance in the left tail of the conditional distri-
bution and more sensitive to long-term firm performance in the right tail. By contrast,
total wealth, a stock measure of pay, is not always significantly, but quantitatively
more sensitive to short-term firm performance in the right tail of the conditional distri-
bution and more sensitive to long-term firm performance in the left tail. This suggests
there are weaker incentives to invest in long-term projects for conditionally wealthier
executives (Edmans et al. 2017b). Putting this into context, Gopalan et al. (2014) find
that firms react to higher stock returns by increasing the duration of compensation;
however, this can also be to retain talent.

Past literature has suggested asymmetric benchmarking as a possible driver of
managerial skimming, which would be so if the asymmetry is stronger in the right tail
of the conditional distribution (Garvey and Milbourn 2006; Bizjak et al. 2008; Daniel
et al. 2019). When allowing for asymmetric short-term performance–pay elasticities,
the degree of asymmetry from negative short-term firm performance is very similar
across the distribution. This makes asymmetric benchmarking an unlikely mechanism
driving differences in conditional pay.

The results of this study show the importance of carefully implementing stock-
based pay as an incentive, if its aim is to induce the executive to maximize long-term
firm value.

The paper proceeds as follows. Section 2 discusses related literature and develops
hypotheses. Section 3 describes the data. Section 4 discusses the empirical methodol-
ogy and its application. Section 5 presents the results. Section 6 discusses the potential
mechanisms and policy.

2 Related literature and hypotheses

I build an empirical model, including four main variables, to explain executive pay,
the dependent variable. In a similar framework, Hallock et al. (2010) find distribu-
tional differences in performance–pay elasticities for CEOs, using conditional quantile
regressions (Koenker and Bassett 1978), ranging from 0.07 at the first decile, to 0.15
at the 9th decile. Following Hallock et al. (2010), my empirical model allows for
heterogeneous performance–pay relations across the conditional distribution of com-
pensation.

Firms optimally pay executives to maximize long-term firm value, which captures
all relevant outcomes of executives’ behavior, e.g., changes in growth or profit, and
restructuring (Jensen 2001; Edmans et al. 2012, 2017b). Managers may not act in the
best interest of the firm, and aim to increase own wages or reputation with short-term-
oriented action (Narayanan 1985). Bebchuk and Stole (1993) argue that asymmetric
information between managers and shareholders can lead to sub-optimal investment.
Examples of short-term behaviors are forgoing positive-NPV projects that sacrifice
short-term performance, undertaking negative-NPV projects that boost short-term per-

3 A cross-sectional test of distributional heterogeneity of performance–pay has been done before byHallock
et al. (2010).
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formance, M&A announcements, and stock repurchases with free cash (Edmans et al.
2017b, 2019). Bizjak et al. (1993) andCadman et al. (2013) show that long-term equity
is used more frequently in industries where short-term performance is an unreliable
predictor of long-term performance.

The distributional model also tests for differences in short-term and long-term firm
performance–pay elasticities. I include short-term firm value to model managerial
actions that have a short-term effect on firm value (Narayanan 1985; Bebchuk and
Stole 1993), which also captures luck and productivity changes. I argue that industry
andmacroeconomic controls capturemost other factors influencing firm value over the
business cycle. While Gopalan et al. (2014) directly measure the duration of executive
pay with a weighted average of vesting periods for pay components, I complement
this by assessing how different pay measures correlate with long-term and short-term
stock performance. It is possible that higher short-run performance also increases the
value of long-term pay, which is an unintended consequence of this kind of pay, if
executives can cash in on short-run changes to their equity holdings once they have
vested. Supporting this conjecture, Edmans et al. (2019) provide empirical evidence
that vesting equity provides an incentive for executives to engage in behavior that
sacrifices long-term firm value.

I test whether incentives for short-term and long-term firm-performance differ
across the distribution. If the null hypothesis are not rejected, this would suggest that
short-termism is a greater problem when pay is (conditionally) greater. This would
support the arguments above.

Hypothesis 1 The short-term firm performance–pay relation is positive and increases
with the conditional pay quantile.

Hypothesis 2 The long-term firm performance–pay relation is positive and decreases
with the conditional pay quantile.

In an optimal contract, an executive’s variable compensation is positively correlated
with firm performance, and exogenous measures that are also correlated with firm
performance are used to filter luck (Holmstrom 1979; Edmans et al. 2012; Edmans and
Gabaix 2016). Other studies showmixed evidence on relative evaluation (Frydman and
Jenter 2010), and that managers are rewarded positively for external forces affecting
firm performance (Bertrand and Mullainathan 2001).

Here, I re-explore the hypothesis that managers in the lower-tail of the distribution
are more likely to be benchmarked against the industry, and receive higher pay when
economic conditions are good (Bizjak et al. 2008). If firms adjust pay upwards when
the industry is performing better, holding own firm performance constant, this is often
used to retain executives (Bizjak et al. 2008; Campbell and Thompson 2015). This
can be explained in equilibrium by the manager’s outside option increasing if other
firms link their manager’s pay to their firm performance. I include long-term and short-
term average industry shareholder wealth as the two other variables of interest. I also
control for macroeconomic indicators, which are other exogenous factors potentially
correlated with firm performance.

I test whether benchmarking against long- and short-term industry performance is
distributionally heterogeneous. If Hypotheses 3 and 4 are supported, they support the
findings of Bizjak et al. (2008).
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Hypothesis 3 The short-term industry performance–pay relation is positive and
decreases in the conditional pay quantile.

Hypothesis 4 The long-term industry performance–pay relation is positive and
decreases in the conditional pay quantile.

Garvey andMilbourn (2006) estimate that for a CEO at themean, the performance–
pay relation is between 25 and 45% when a change in firm performance due to luck
is negative, than when it is positive. Addressing a potential mechanism, Bizjak et al.
(2008) find that asymmetric benchmarking of yearly compensation is used to retain
CEOs, and is not strongly associatedwith poor corporate governance. If a firm engages
in such behavior, a CEO can threaten to leave. In a comprehensive study testing robust-
ness of this asymmetry, Daniel et al. (2019) find no significant interaction between
bad luck and the pay benchmark in the majority of specifications for US firms.

I re-explore this mechanism and test for distributional heterogeneity of the short-
term firm performance–pay asymmetry, from the perspective of when pay is granted,
using total yearly compensation. This leads to the fifth and sixth hypotheses:

Hypothesis 5 Total compensation is more sensitive to positive than to negative short-
term changes in firm value.

Hypothesis 6 The reduction to the short-term firm performance–pay relation, when
performance is negative, increases with the conditional total compensation quantile.

If these hypotheses are both supported, especially Hypothesis 6, then asymmetric
performance benchmarking is one possible reason for higher conditional pay. If only
Hypothesis 5 is supported, and there is no evidence for distributional heterogeneity,
then asymmetric benchmarking is not a driver of managerial skimming.

3 Data

I use compensation data from an 11-year unbalanced panel of executives in the C-
suite of publicly listed firms for 34 countries over the years 2003–2013, provided by
BoardEx. Most observations come from the USA, UK, Western Europe, and Scandi-
navia. The unit of observation is the pay of an executive i , in a firm f , in an industry s,
at year t . There are 143 executives who switch firms within the observation period in
the final sample, which can be calculated by the difference in the 6939 executive-firm
matches, and the 6796 executives in the data altogether.4 Matching firm financial data
is from the ORBIS database provided by Bureau van Dijk. Executives are included in
the final sample if there is at least one non-missing observation of total compensation.

The main dependent variables of the study are total compensation and total wealth.
Total compensation consists of salary and cash bonus plus the grant-date value of newly
emitted equity-linked compensation (such as stock options, restricted stock awards),

4 50% of executives are observed for at least 3 years in the data, 25% are observed at least 5 years, and 5%
at least 8 years. The probability of an executive remaining in the sample for the following period is 0.78 on
average. Most years have an attrition rate between 0.14 and 0.2. However, there is no general time pattern
in the attrition rate.
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and long-term incentive plans (restricted bonuses) awarded each year, as used by Fer-
nandes et al. (2013). Total compensation measures the grant-date opportunity cost to
the shareholders of the executive’s pay package (Fernandes et al. 2013). Executives
accumulate stock holdings and other equity-linked pay. Firm performance can affect
executive utility throughwealth to a larger degree than yearly total compensation (Fry-
dman and Jenter 2010). Edmans andGabaix (2016) show that incentives for executives
are larger when using total wealth to proxy utility. I use total wealth as an outcome
variable, which is the sum of the estimated market value of an executive’s cumulative
holdings of stock-related pay, in-the-money options, and long-term incentive plans for
an executive (Fernandes et al. 2013).5 Note that options exercised and stock sold by
an executive disappear from total wealth.

Firm value is a widely used proxy of firm performance and managerial effort
(Jensen 2001; Edmans et al. 2017b). Firms’ market value of equity at year end is
used to generate the main independent variables (Jensen and Murphy 1990; Bertrand
and Mullainathan 2001).6 I control for macroeconomic indicators, GDP per capita,
GDP-growth in percent, provided by the World Bank and inflation as the percentage
change in average consumer prices, provided by the International Monetary Fund.
These serve to control for time-variant country-level heterogeneity, although there
may still be residual variance not captured here. Controls for age and age squared
of an executive are included, in line with Bertrand and Mullainathan (2001). Since
the estimator accounts for executive-firm fixed effects and age, additionally including
tenure would be collinear. Executive-firm fixed effects, discussed below, control for
unobserved average and distributional differences in wealth or total compensation that
are time-constant.

Although other studies control for firm size (Murphy 1999; Garvey and Milbourn
2006), growth potential using the market-to-book ratio (DeVaro et al. 2017), and
leverage (DeVaro et al. 2017), I have chosen explicitly not to include these controls, as
they can likely cause biased estimates of coefficients. Including control variables that
are simultaneously determinedwith the outcomevariable of interest by the independent
variables leads to this bias (Angrist and Pischke 2008; Swanquist and Whited 2018).7

3.1 Measuring short-term and long-term performance

Short-term and long-term firm and industry performance is identified using the band-
pass filter (Christiano and Fitzgerald 2003), and is based on the theory of business

5 The calculation of total wealth for each executive, done by BoardEx, is explained in more detail in
Appendix A.
6 This variable is astk_market_cap in ORBIS.
7 For example, if performance affects the firm’smarket-to-book ratio, the relation betweenfirmperformance
on compensation is not identified. The resulting bias can be shown in simultaneous equation system:

Pay = α + ρ · Per f ormance + γ · GrowthPotential + ei
GrowthPotential = λ0 + λ1 · Per f ormance + ui

Pay = (α + γ λ0) + (ρ + γ λ1)Per f ormance + γ ui + ei .
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cycles (Burns and Mitchell 1947). This separates the performance, proxied by market
value of a firm f or industry s at time t into a trend component Trend, and a cyclical
component, Shock, so that

Market V alue f t = Shock f t + Trend f t . (1)

This filter is also used to identify the effects of firm shocks on executive compensation
in a different setting done by DeVaro et al. (2017). I apply it to the time series of the
market value of each firm to generate the shocks of year end market value for each
firm, and to the time series of the mean year-end shareholder wealth of the industry.

I separate stochastic cycles from the trend that range from two to eight years, as
data are yearly. This filtering method is in accordance with Burns andMitchell (1947),
who define business cycles as stochastic cycles in business data between 1.5 and 8
years. The time period to measure short-term changes in firm value is also in line with
compensation practices, where yearly bonuses are “short term,” and pay withheld for
longer than one year, normally 3–5 years, is “long.” Long-term pay aims to remove
such productivity cycles from compensation plans. Figure 1 shows the application of
the filter to a firm, and an industry, from my sample. The figures show that it works to
identify stochastic changes in performance, with mean zero. The shock and trend for
each firm, Shock f t and Trend f t , and each industry, Shockst and Trendst , serve as
the proxies for short-term, and long-term firm and industry performance.

As short-term performance is measured by yearly cycles of firm value, it is not
driven entirely by exogenous factors to the firm, such as luck (DeVaro et al. 2017),
but also captures factors endogenous to the firm, such as short-term-oriented behavior
(Edmans et al. 2019), and yearly productivity changes. Productivity is likely to sink
if managers put more attention on public relations, and actions that focus more on
short-term stock price manipulation, than on operations (Peng and Röell 2014). The
shock variablemeasures “short-termperformance,” and the trend componentmeasures
“long-term performance.”

Table 1 describes the main variables of interest, using all observations from the
final sample. An advantage of the data set is to be able to track executives over a long
time frame. In the final sample, I have data from 34 countries, adding to the generality
of the findings to countries outside the USA, which has been the central focus in the
literature hitherto.

4 Empirical framework

4.1 Application of method of moments–quantile regression

I aim to tackle numerous endogeneity concerns in my empirical application. Past
research shows that the level of executive pay can be driven by selection of more tal-
ented managers into contracts with higher pay, through assortative matching (Gabaix
and Landier 2008; Tervio 2008). More talented managers likely cause better firm per-
formance as well. Estimating the conditional variance of pay is potentially confounded
by managers’ risk preferences. Confident managers are more likely to undertake in
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Bureau van Dijk ID = GB03194476
-1

00
0

10
0

20
0

30
0

Fi
rm

 M
ar

ke
t V

al
ue

 in
 M

illi
on

 U
S 

$

2005 2007 2009 2011

Annual Report Year

Shock Trend
Total

Sector 3= Banks

-1
00

00
0

10
00

0
20

00
0

30
00

0
40

00
0

M
ea

n 
Fi

rm
 M

ar
ke

t V
al

ue
 in

 M
illi

on
 U

S 
$

2002 2004 2006 2008 2010 2012

Annual Report Year

Shock Trend
Total

Fig. 1 Business cycle of firmwith BvD IDGB03194476, and of the banking sector, showing the time series
of market value, the cyclical and trend components from the band pass filter, removing cycles from 2 to 8
years and accounting for drift

Table 1 Summary statistics

Variable N Mean SD Min. Max.

Age 25,636 51.7 8.1 25 92

Salary* 25,502 533.7 618.5 1 61,529.5

Bonus* 21,686 470.1 1373.3 0 123,939.1

Equity-linked* 13,956 2912.9 23,547.5 0 1,527,364.1

Variable compensation* 25,502 1988.2 17,577.5 0 1,528,892.3

Total compensation* 25,636 2514.3 17,614.3 1 1,530,183.7

Total wealth* 22,075 32,667.3 452,124.9 1 26,708,263.0

Market value of equity** 25,636 7573.0 20,420.4 0 288,579.0

Shock f *** 25,636 0.1 3.8 −51 81

Trend f *** 25,636 7.5 19.8 0 266.9

Shocks*** 25,636 0.1 2.8 −29.3 24.9

Trends*** 25,636 6.8 6.9 0.1 75.5

GDP growth 25,636 1 2.5 −8.3 15.2

GDP per-capita 25,636 42,785.1 7348.3 1724.7 115,109.3

Inflation 25,636 2.6 1.1 −1.7 14.1

∗∗∗Scaled in Billions $US, ∗∗scaled in millions $US, ∗scaled in thousands $US. The sum of salary, bonus,
grant-date value of newly emitted equity-linked and long-term incentive plans, equals total compensation.
Observations with zero salary or total compensation are dropped from the data. The sample includes
executives for which there is at least one non-missing observation of total compensation. If an executive
works in two firms at the same time, plausibility checkswere done and some observations dropped according
to the following criteria. If data are entirelymissing, this observation is deleted. If there is a holding company
or a subsidiary, and the executive had the same position at both firms, the observation belonging to the parent
company is kept. If one position was only a representative or deputy position, this observation is deleted.
If the firm is listed in two countries, the headquarter country is kept. If the executive switched positions
and thus worked for two companies in one year, the first year of the new job is deleted, as this generally
covers fewer months. Firm and industry shock and trend variables are generated using the band-pass filter,
removing drift and cycles between 2 and 8 years from the raw data to generate the trend. GDP growth and
GDP per-capita are from the World Bank, and Inflation is measured as the average percentage change in
consumer prices in each country, which is from the IMF database
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risky investments with free cash (Malmendier and Tate 2005), closeM&A deals (Mal-
mendier and Tate 2008), and hold more of own-company stocks (Malmendier and Tate
2005). Thus, latent preferences and personality traits, such as risk tolerance and con-
fidence, likely cause more volatile firm performance and pay, and even structurally
different portfolios. I assume here, that these preferences and traits are more or less
time-constant (Cobb-Clark and Schurer 2012; Bernile et al. 2017; Schildberg-Hörisch
2018). These endogeneity concerns are addressed by the MM–QR estimator, outlined
in this chapter, which was developed by Machado and Santos Silva (2019).

TheMM–QR uses estimates of conditional mean and the conditional scale function
to estimate regression quantiles (Machado and Santos Silva 2019). This makes it
computationally easy to estimate a model with a large number of individual-specific
fixed effects in a quantile regression framework. I estimate around 6939 executive-firm
fixed effects. I identify the response of the compensationYi f st , of an executive i , in firm
f , in industry s, at time t , to performance variables that vary at the firm level, or the
industry level to which the firm belongs. These measures are summarized for now by
X of firm f , in industry s, at time t , as defined by X f st for firm-level variables, and Xst

for industry-level variables, written together as X( f )st . Firm and industry performance
measures, and all control variables are summarized for nowunder X( f )st . The response
of compensation to performance, summarized by the coefficient vector β, is allowed
to depend on the position of pay in the conditional distribution, and is clustered at the
executive-firm level, which is modeled by unobserved noise Ui f st distributed on the
uniform interval [0, 1]. This is in order to estimate

log Yi f st = X ′
( f )stβ(Ui f st ), i = 1, . . . , n. (2)

However, standard quantile regression methods do not deal with the panel structure
of the data. This poses a problem for identification of β, if there is time-constant
unobserved heterogeneity at the individual level, affecting both firm performance and
compensation. Accounting for this by including individual intercepts, αi f s , estimates
the pay relation at the τ ’th quantile as

Qlog Yi f st (τ |X( f )st ) = αi f s + X ′
( f )stβq(τ ), (3)

where q(τ ) = F−1
U (τ ). However, including a large number of individual specific

intercepts in the quantile regression is computationally burdensome. Further, variance
estimates of other covariates may be increasingly large in proportion to the amount
of fixed effects (Koenker 2004). This is especially problematic if the panel is small,
since standard errors for individual effects will be large.8

A second potential source of unobserved heterogeneity is in the conditional vari-
ance of pay. If the conditional variance of pay depends on time-constant unobserved
factors, not accounting for these can bias estimates of the conditional variance, if they
are correlated with independent and dependent variables. The method applied here

8 To account for a location shift, which is independent of the quantile estimated, Koenker (2004) uses l1
shrinkage methods to control for the large number of fixed effects. Other methods to account for location
shifts have been developed by Lamarche (2010) and Canay (2011).
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accounts for unobserved differences in the conditional mean and the conditional vari-
ance of pay, using a location-scale model developed by Machado and Santos Silva
(2019).

I assume in the analysis that the location and scale functions are known, to specify
the empiricalmodel of the relation betweenpay andperformancewith control variables
as

log Yi f st = αi f s + X ′
( f )stβ + σ(δi f s + X( f )stγ )εi f st (4)

where σ is the scale function. I assume the scale function to be linear in covariates.
Here, regressors may only affect the distribution of the response variable through
known location and scale functions (Koenker and Bassett 1982). However, het-
eroskedasticity may not be linear, but can be multiplicative (Godfrey 1978; Koenker
and Bassett 1982). In this case, the scale-shift at a quantile q is not linear in covariates
but quadratic in covariates (Koenker 2005).9 Thus, results should be taken with some
caution, as they do not account for second or higher order moments of performance.
Most studies of performance–pay do not include polynomials of performance. I do
not include polynomials to be in line with the literature, and keep results comparable.
I estimate

Q̂log Yi f st (τ |X( f )st ) = (α̂i f s + δ̂i f s q̂(τ )) + X ′
( f )st (β̂ + γ̂ q̂(τ )). (5)

The point estimate of the coefficient of interest l, at the τ ’th quantile is

β̂l(τ, X( f )st ) = β̂l + q̂(τ )γ̂ . (6)

The scale parameter γ̂ estimates the distributional heterogeneity.
In the estimation procedure, main variables are in logarithmic form in esti-

mations below, but logarithmic notation is omitted here for brevity. The average
estimated coefficients β̂ in the MM–QR procedure are obtained by using OLS of
time-demeaned independent and dependent variables, regressing (Yi f st − ∑

t Yi f st/T)

on (X( f )st − ∑
t X( f )st/T). Then, the location shift, which is the standard fixed effect

from a within regression, α̂i f s , is predicted from the above estimation of β̂, α̂i f s =
1
T

∑
t (Yi f st − X ′

( f )st β̂). The residuals are R̂i f st = Yi f st − α̂i f s − X ′
( f )st β̂. The scale

parameter, γ̂ , is estimated by regressing the time-demeaned absolute value of residuals
(|R̂i f st |− ∑

t |R̂i f st |/T) on X( f )st .10 The part of conditional variance that is time-constant
and unobserved is estimated by δ̂i f s = 1

T

∑
t (|R̂i f st | − X ′

( f )st γ̂ ). The quantile q(τ )

is then estimated by

min
q

∑

i

∑

t

ρτ

(

R̂i f t −
(

δ̂i f + X ′
f ,st γ̂

)

q

)

to obtain estimates of quantiles q̂(τ ) in the data, where ρ is the check-function
(Machado and Santos Silva 2019).

9 A model where a single explanatory variable has a quadratic effect on the scale of the conditional
distribution is, for example, yi = β0 + β1xi + (1 + xi )

2ui (Koenker 2005).
10 One may use an alternative transformation of residuals that has mean 0 conditional on X .

123



Distributional differences in the time horizon… 167

As the estimation procedure above shows, parameter estimates γ̂ are amended of
the executive-firm fixed effects α̂i f s + q̂(τ )δ̂i f s . Interpretations of point estimates at a
quantile q̂(τ ) do not depend on time-constant individual characteristics, such as talent
or risk preferences. This is an advantage of the estimation procedure not accounted for
by most other quantile regression methodologies, and simple to implement. Further,
standard errors are clustered via bootstrapping, to account for serial correlation of
compensation.

One potential problem of the empirical application is the fixed-T asymptotic bias
of the estimated scale parameter γ̂ and quantile q̂(τ )when the number of individuals n
relative to the panel length T , n/T , is large (Machado and Santos Silva 2019). This is
because theMM–QRestimator assumes that asymptotically, the number of individuals
is small compared to the panel length, or as (n, T ) → ∞, n = o(T ). Parameters of
average effects, however, remain consistent in short panels with large n. Machado and
Santos Silva (2019) show in Theorem 4 that it is possible to remove the bias by using a
jackknife. I therefore bias-correct point estimates in main results using the split-panel
jackknife method (Dhaene and Jochmans 2015).11

This method estimates two scale parameters of half panels, by splitting total
executive-year observations N into odd and even years, Nodd and Neven . The half-
panels have the same (or very similar) number of individuals n as the full panel, but
only half as many time periods, allowing us to identify the bias from having a small
T by using the sample size weighted differences of full-panel and half-panel esti-
mates. MM–QR estimations are run on both half-panels separately, and, assuming the
amount of bias is proportionate to the number of observations N , the scale parameter
from MM–QR, γ̂MM−QR , is corrected accordingly. The corrected scale parameter is
γ̂J K = 2γ̂MM−QR − γ̂odd

Nodd
N − γ̂even

Neven
N . The estimated quantiles, q̂(τ ), are also

bias-corrected analogously to q̂J K (τ ) = 2q̂MM−QR(τ )−q̂odd(τ )
Nodd
N −q̂even(τ ) Neven

N .
Thus, if the scale parameter or quantile is over-estimated (under-estimated) when the
panel becomes shorter, it is corrected downward (upward). The bias-corrected point
estimates of the coefficient of interest l, at the τ ’th quantile are

β̂ J K
l (τ, X( f )st ) = β̂l + q̂J K (τ )γ̂J K . (7)

5 Results

5.1 Total compensation

Testing the Hypotheses 1–4, I estimate regression quantiles using the MM–QR. The
dependent variable is the logarithmof 1+total compensation, log Yi f st , for an executive
i , in firm f , in industry s, at time t . Performancemeasures are the logarithmof 1+ trans-
formed short-term firm and industry performance, log Shock f t and log Shockst ,12

11 Machado and Santos Silva (2019) show that the bias-corrected estimator performs far better than the
uncorrected estimator for different panel lengths, and works reasonably well for a panel length of 10.
12 Log (1 + (Shock f t + x)), where x is the smallest number such that all values are non-negative), so
Log Shock f t and Log Shockst are the logarithm of transformed variables in the following.
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the logarithm of 1 + long-term firm and industry performance, log Trend f t and
log Trendst , macroeconomic controls Z f t outlined in the Data section, and year
indicators.13

I estimate the performance–pay elasticity with a log-log model in the main speci-
fication. Here, one assumes that managerial actions affect firm value proportionately
to firm size, and that resulting bonuses relate proportionately to firm value. This is
especially realistic if pay is also equity-linked, which is the case here (Edmans et al.
2017b). For example, a corporate restructure will likely increase the%-performance of
the firm. On the other hand, perquisites, such as buying a private jet, may only reduce
$-performance. In the estimation, the fixed effect that is identified is an executive-
firm pair fixed effect, as outlined above in the empirical methodology. If an executive
switches firms, another fixed effect is estimated. This accounts for unobserved, time-
constant heterogeneity of executive-firm matches in the average level, and conditional
variance of pay. I estimate

Q̂log Yi f st (τ |·) = (α̂i f s + δ̂i f s q̂(τ )) + (log Shock f t

+log Shockst + log Trend f t + log Trendst

+Z ′
f t + ψt )(β̂ + γ̂ q̂(τ )) (8)

using an unbalanced panel, after winsorizing the sample at the 1st and 99th per-
centiles.14 Summary statistics of the winsorized sample are shown in Table 5 of
Appendix. Results of the same estimation for the unwinsorized sample are shown
in Table 6 of Appendix. I deal with serial correlation of pay by clustering standard
errors via bootstrap (Parente and Santos Silva 2016). Even if there is intra-cluster
correlation, estimates of quantile regression are also consistent under certain con-
ditions (Parente and Santos Silva 2016). I resample from the regression sample by
firm-executive cluster, with 200 replications. Location, scale and point estimates of
coefficients of interest at the 10th, 30th, 50th, 70th, and 90th conditional quantiles are
reported in Panel A of Table 2. In panel B, I show results from the split-panel jackknife
bias correction (Dhaene and Jochmans 2015).

Hypothesis 1 asks if the short-term firm performance–pay relation is positive and
increases with the conditional pay quantile. Testing Hypothesis 1 in Table 2, the point
estimates of interest belong to the variable Log Shock f . Evidence from both the
winsorized and unwinsorized sample (shown in Table 6 of Appendix) points in the
same direction. Both location and scale parameters are estimated precisely in columns
one and two. The location parameters reported in column 1 are from a standard fixed
effects estimator. The location function shows that one average, a 1% increase in short-
term firm value is associated with 0.04% more total compensation. This elasticity is
also quantitatively similar at the conditional median.

13 Alternately, one could use time-by-country fixed effects instead of macroeconomic controls, but this
made the estimation procedure burdensome with about 400 dummy variables and bootstrapping.
14 It is doubtful that winsorizing is a sensible practice, especially when using quantile regression. Win-
sorizing is done for main results to be comparable with those of the previous literature, and all main results
are additionally replicated with the unwinsorized sample.
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Now turning to the heterogeneity of the short-term firm performance–pay relation,
the scale parameter is negative, showing that conditionally higher paid managers have
a lower short-term firm performance–pay sensitivity, which decreases from 0.07 to
0.02, from the 10th to the 90th conditional quantiles. In panel B, the bias-corrected
results find larger decreases in the elasticity, ranging from 0.08 at the 10th percentile
to 0 at the 90th percentile. This rejects Hypothesis 1 using total compensation as a
measure of pay.

In the unwinsorized sample, in Table 6 of Appendix, short-term firm performance–
pay sensitivities are larger overall, which is to be expected, since compensation data are
very right-skewed. The distributional heterogeneity is also significant, is qualitatively
the same, and quantitatively larger, which is in linewith the results from thewinsorized
regressions.

Results in Tables O.1 and O.4 of Online Appendix show that distributional hetero-
geneity of the short-term performance pay elasticity is robust to a log-level model, for
both winsorized and unwinsorized data. Shock values in the log-level model are not
scaled by firm size, so the pay-performance sensitivity is a %–$ relation. The results
imply that short-term performance–pay elasticity is smaller in the right tail of the con-
ditional distribution. They are against Hypothesis 1, from the perspective of granting
compensation, as total compensation is a flow measure. The findings are naturally
dependent on this specific measure of pay.

Hypothesis 2 explores if the long-term firm-performance pay sensitivity is posi-
tive and decreases with the conditional pay quantile. The coefficient of interest is Log
Trend f in Table 2. The elasticity of total compensation to long-term firm performance
is 0.21 at the median (column 5). Both location and scale parameters are estimated
moderately precisely, and the positive scale parameter shows that predicted earnings
respond more to long-term changes in performance at the right tail. The elasticity is
about 23% higher at the 90th percentile than the 10th percentile, and the difference is
statistically significant at the 10% level. This evidence rejects the premise of Hypoth-
esis 2, in which the sensitivity of pay to performance is decreasing in the conditional
total compensation quantile.

Regarding the robustness of results, the bias-corrected results in panel B are quanti-
tatively similar. The unwinsorized regressions in Table 6 of Appendix reveal, however,
no significant heterogeneity across the conditional distribution. The log-level specifi-
cation in Tables O.1 and O.4 reveals significant heterogeneity in the same direction
as the winsorized log-log specification. The long-term firm performance-total com-
pensation relation is increasing in the conditional quantile in three out of the four
tested specifications, and in no case does it go in the opposite direction. The evi-
dence is in line with the notion that higher conditional total compensation is more
strongly benchmarked against long-term firm value. It is also worth noting that short-
term performance–pay elasticities are smaller than long-term elasticities across the
distribution in the winsorized sample, but this reverses in the raw data.

These results speak somewhat against the interpretation that greater conditional total
compensation results from short-term managerial actions or managerial skimming,
when compensation is granted (Edmans et al. 2019). A potential explanation of the
short-term performance–pay relation is that pay is associated with firms’ liquidity. For
example, in the financial crisis, firms also cut bonuses of non-managerial employees,
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even though these employees do not affect overall firm performance to a large degree
(Efing et al. 2018). Results are also in line with the story that boards take the long-term
firm performance into account when granting compensation.

Hypothesis 3 questions whether short-term industry performance–pay relation is
positive and decreases in the quantile. I find no significant relation between industry
short-term performance and total compensation in winsorized results in Table 2. The
estimate of the location parameter is close to zero. The results from unwinsorized
regressions in Table 6 suggest that there is a negative relation between short-term
industry performance and pay, but this could be driven by outliers in the data. The
results from the log-level specifications in Tables O.1 and O.4 of Online Appendix
show similar results. Firms do not appear to use short-term industry benchmarking,
but we cannot rule it out. This could be due to measurement of industry shocks, which
may not capture special groups of peers used for relative evaluation (Bizjak et al.
2008).

Hypothesis 4 asks if the long-term industry performance–pay relation is positive,
and decreases in the conditional pay quantile. The coefficient of interest belongs to the
industry trend in Table 2. The location and scale parameters are imprecisely estimated.
This is in line with the findings of the literature, in which there is mixed evidence that
firms use industry performance benchmarking and also select peers in special groups
(Edmans et al. 2017b). I can not entirely rule out long-term industry benchmarking,
as estimates are noisy, and again the unwinsorized regressions suggest a negative
correlation between long-term industry performance and compensation.

I next test Hypothesis 5, which asks whether short-term firm performance–pay
sensitivity is the same for positive and negative short-term firm performance. I
also test Hypothesis 6, which predicts that the size of the reduction to the short-
term firm performance–pay relation, when performance is negative, increases with
the conditional total compensation quantile. This specification allows for different
performance–pay sensitivities for positive and negative short-term performance, prox-
ied by positive and negative short-term firm performance. I estimate this using an
analogous regression to above, with an added interaction term with I{S f < 0} f t ,
indicating negative short-term firm performance in firm f , at year t , and run

Q̂log Yi f st (τ |·) = (α̂i f s + δ̂i f s q̂(τ )) + (log Shock f t

+I{S f < 0} f t × log Shock f t + log Shockst

+log Trend f t + log Trendst + Z ′
f t + ψt )(β̂ + γ̂ q̂(τ )). (9)

Turning to estimation results in Table 3, the location parameters for the coefficients
of interest, Log Shock f , and the interaction with the indicator for negative short-term
performance, are precisely estimated. The elasticity between total compensation and
short-term firm performance, at the mean and median, is 0.05, in case performance is
positive, but reduces to zero, in case firm performance is negative. The estimate of the
scale function for the interaction term is positive for the bias-corrected point estimate,
but very close to zero. Thus, executives are, quantitatively, equally well insured for bad
performance across the conditional distribution, and the lower tail gains more from
positive short-term performance.
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This is significant evidence for an asymmetry in pay for positive and negative
short-term firm performance, which supports Hypothesis 5. However, the asymmetry
is quantitatively similar across the conditional distribution, rejecting Hypothesis 6. If
anything, the asymmetry from negative shocks becomes smaller.

Regarding robustness of results, the unwinsorized results in Table 7 show similar
results quantitiavely and qualitatively, and here the degree of asymmetry is much
smaller. The elasticity at the median in case of positive short-term firm performance
is 0.22 (not significant), which reduces by 0.028 to about 0.19, in case short-term firm
performance is negative. This supports the interpretation that actions and events that
affect firm performance proportionately, correlate asymmetrically with compensation.
The asymmetry is not driven by actions and events that only affect the dollar change
in firm value to a small degree, as the interaction is not significant in any log-level
models in Online Appendix.

A potential confound of the short-term performance–pay relation is executives
leaving the firm, or being fired if they perform poorly. Campbell and Thompson (2015)
find that asymmetry in performance–pay for good and bad firm performance is likely
used as a retention device, as the asymmetry is stronger when labor market conditions
are favorable for executives. This means the executive’s outside option is higher. Even
if some managers are fired, we should still expect to observe asymmetry in short-term
performance–pay sensitivity.

5.2 Executive wealth

The long-term development of accumulated pay is harder for the board to predict, since
once pay is granted, it is harder to be renegotiated and can be strategically influenced
by the executive. Firms grant executives stock-related pay over a successive number
of periods that eventually vest after at least three years for stock at the median or four
years for stock options (Edmans et al. 2019). The stock-related pay holdings comove
mechanically with the stock price, which is not the case for salary and cash bonus. This
justifies a second test of the hypotheses using total wealth as the dependent variable as a
proxy for executive utility. I test Hypotheses 1–4 again, using total wealth, the value of
all accumulated equity-linked, and deferred compensation, as the dependent variable
and measure of pay. Results are shown in Table 4 and in Table 8 for unwinsorized
regressions.

Hypothesis 1 asks again, if the short-term firm performance-wealth relation is pos-
itive, and increases with the conditional wealth quantile. Testing Hypothesis 1, the
coefficient of interest belongs to Log Shock f . Column 1 shows an average increase in
executive wealth by 0.05% for an increase in short-term firm value of 1%. The scale
parameter on column 2 is not significantly estimated, especially the bias-corrected
estimate in Panel B. This shows the short-term performance-wealth sensitivity is
increasing in the distribution, but that this is imprecisely estimated. The point estimates
for short-term firm performance pay substantially increase from the 10th percentile
(0.03) to the 90th percentile (0.07). This is an economically significant increase of
over 100% change in the short-term firm-performance pay elasticity. This result is
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in contrast to using total compensation as the measure of pay, and is in line with
Hypothesis 1.

The results from log-level models in Tables O.3 and O.6 also support this find-
ing. There is a significant and positive scale parameter estimated for Log Shock f in
the winsorized regression. In Table O.6, the scale parameter has the same sign with
positive, and increasing point estimates of Log Shock f with the quantile.

An explanation for these findings is that stock-related pay in total wealth is very
sensitive to the firm value. Further implications of this finding are also important and
can be inferred from the literature. If stock-related pay is about to vest in a given
month, executives have an incentive to announce M&A transactions or share buy-
backs, which can send the stock price soaring (Edmans et al. 2019). A prime example
cited by Edmans et al. (2019) was the Bazaarvoice acquisition of PowerReviews in
June 2012, which saw executives cashing in $90 Million US in stock after the stock
went above $20. Executives were cited to know that the aim of the M&A transaction
was to eliminate the primary competitor from themarket. An antitrust law suit followed
and the stock price declined to $7. This anecdote shows that the value of long-term
incentives reacts to short-term behavior, in line with my findings. Higher conditional
wealth is more strongly associated with short-term performance. This is in line with
the concern that short-term behavior and stock price manipulation is a mechanism
managers use to increase their own pay.

Since equity also vests, and the sale of equity is endogenous to the short-term stock
price, executive wealth may be negatively correlated with the short-term firm perfor-
mance for some observations. If the short-term firm value is down, executives may
prefer to keep equity that is vested. If there is a jump in short-term firm performance
due to a stock buy-back or an announced M&A transaction, they will sell equity that
has vested (Edmans et al. 2019). This can reduce the coefficient size. Another reason
is that winsorizing the data also introduces measurement error, causing attenuation
bias.

Testing Hypothesis 2 again regarding long-term firm performance, the coefficient
of interest belongs to Log Trend f . In Panel A of Table 4, the elasticity at the median
(and mean, shown by the location parameter) is 0.75. Total wealth increases by 0.75%
for a 1% increase in long-term firm performance. The mean and median long-term
firm performance–pay elasticity is much larger using executive wealth (0.75), than
using total compensation (0.21) as the dependent variable. This finding is in line with
the empirical and theoretical literature on executive compensation, which shows that
elasticities are generally larger when using total wealth as the dependent variable or
utility measure (Edmans et al. 2017b). Further, results show a decrease in the corre-
lation between long-term firm performance and executive wealth in upper quantiles
for log-log models. The elasticity decreases significantly using the bias-corrected esti-
mates in Panel B by 0.14 from the 10th to the 90th percentile. Short-term pay drives the
wealth of managers comparatively more in the right tail of the conditional distribution.

This result is not supported by log-level models in Tables O.3 and O.6, which test
incentives for a dollar change in firm-value. However, M&A transactions and share
buybacks are more likely to affect firm value in a proportionate manner, rendering the
log-log specification be a more appropriate model. The results show that long-term
incentives are present and sizable for executives across the distribution, despite the

123



176 M. Haylock

heterogeneity. The concern about short-term behavior is supported when looking at
the results in Table 8, and considering that some executives sell vesting equity when
firm value increases.

I test Hypothesis 3 in Tables 4 and 8 using total wealth. The location parameter
for short-term industry performance is noisily estimated, but point estimates show a
positive correlation between executive pay and industry shocks in the lower tail. There
is also significant heterogeneity, with the elasticity decreasing from 0.09 at the 10th
percentile to 0.035 at themedian. This is in linewithBizjak et al. (2008), who show that
benchmarking of executives with respect to industry performance is more likely for
executives receiving belowmedian pay, as they have a competitive outside option if the
industry is performing well, holding firm performance constant. However, one must
be careful comparing results directly, as estimates are of the conditional distribution.

Positive industry benchmarking in the short term is also supported by log-level
models in Tables O.3 and O.6 of Online Appendix. One potential mechanism is that
executives may receive more pay in the form of stock-related pay if the industry is
performing better, with firm performance held constant. When testing Hypothesis 4,
parameters are noisily estimated and if anything negative, but far from significant.

6 Discussion

This paper is concerned with distributional differences in the time horizon of executive
compensation. The literature hitherto has identified short-termism as a problem, but
not systematically shown whether higher (conditional) pay is associated with more
short-term, or long-term-oriented incentives. The quantile regression framework with
fixed effects used,MM–QR, allows a systematic analysis of this increasingly important
question.

The findings show that performance pay is more short-term-oriented in the lower
tail of the distribution when using total compensation. This is potentially driven by
risk-sharing, as firms must reduce bonuses in bad times to maintain liquidity (Efing
et al. 2018). By contrast, performance pay is more short-term oriented in the upper tail
of the distribution when total wealth is used to measure pay. This could be because
yearly compensation is easier for the board to measure and control. It can be easily
adjusted by the firm to account for short-run and long-run performance in each period.
Compensation committees can adjust bonuses and amount of options and performance
stock granted, but accumulated long-term pay, mostly consisting of stock-related pay,
cannot be easily adjusted once granted. Once awarded, there ismore potential for exec-
utives to strategically increase their payout, which may not coincide with maximizing
long-term business performance.

Stronger wealth sensitivity to short-term shocks is potentially driven by a ratchet
effect of long-term incentive plans, found by (Bebchuk et al. 2010). Some firms pay
a fixed value of stock options or fixed value of performance stock, which means the
number of stocks granted is adjusted according to the last month’s stock price. The
calculation of the number of shares or options is usually based on averages of around
30 trading days, which is not enough to eliminate fluctuations that occur on a yearly
basis. A low short-term firm value at the grant date would result in a larger number
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of shares being granted with fixed value, e.g., in the case of performance shares, and
possibly also restricted stock. This gives greater leverage to the executive when firm
value rises again. In the case of stock options, the same effect occurs if the share
price is relatively low before allocation and therefore a lower strike price is set, or the
executive receives a larger number of options. Supporting this mechanism, Yermack
(1997) finds that stocks show negative abnormal returns before granting stock options,
and positive abnormal returns after granting.

A potential confound of the findings in this paper is reverse causation. It is possible
for higher wages to change performance; however, there have been scant attempts by
studies to show a causal direction from pay to firm performance (Edmans et al. 2017b).
Another problem is that contracts are not observed in my study, and are endogenous
(Edmans and Gabaix 2016). The study cannot infer without knowing contracts how
much of results are driven by strategic manipulation of stock prices and other short-
term behaviors, and how much of the results are from an efficient market. Thus,
the policy implications must be taken with caution. It is also possible under certain
conditions for pay to be more strongly related to the short-term stock performance,
when there is sufficient ambiguity about manipulation (Peng and Röell 2014).

Long-term compensation can only be amended ex-post if there are contractual
means to restrict the payout to certain conditions, or regain already granted stock-
related pay in certain cases. In the US, claw-back clauses that can recover pay in case
of fraud are written in law, but these cannot prevent short-term behavior that is legal,
such as investment choice.15

Theory suggests multiple mechanisms to deal with the concerns about short-
termism. An optimal contract with concerns about stock price manipulation after
vesting relates current pay to all past performance dates of firm performance, condi-
tions vesting on performance, and not on a fixed date, and can also shift some vesting
into retirement (Edmans et al. 2012;Marinovic andVaras 2019). Lengthening the vest-
ing period into retirement is costly for the executive near career end, as this exposes
the executive to more risk.

A practical implementation of this would be to link the payout value of stock-
related pay to the average price during the entire holding period. Since stock-related
pay is often emitted in rolling windows of three or four years, this would not cause
a large disadvantage to executives who do increase long-term firm value, and reduce
the opportunity to game the incentive pay system. Since firms have limited liability,
the stock would not be paid out in case of bankruptcy.

There is always discretion involved in choosing which system to use to incentivize
executives. In reality, this is determined by a market equilibrium, making it potentially
difficult for a single firm to implement policy recommendations. The results together
cast some doubt with the growing body of evidence on effectiveness of long-term
incentive plans to prevent managerial skimming.

Supplementary Information The online version contains supplementary material available at https://doi.
org/10.1007/s00181-021-02042-2.

15 The Dodd-Frank Act of 2010 and the Sarbanes-Oxley Act of 2002 in the USA enable firms to regain
payments after fraud, even if the executive is not charged. This is implemented by the SEC (Edmans et al.
2017b).
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Appendix 1: Total wealth

The total wealth variable is calculated by BoardEx. The closing stock price of the
annual report date is used. They implement a Black–Scholes option pricing model.
Volatility is measured using 100 days of historic stock prices. The risk free rate is
measured using the following: UK = 6 months Libor rate, Europe = EURIBOR, US =
10 year T-Bill, otherwise = 6.5% It is assumed that exercise is on expiry date whether
known or assumed.

Appendix 2: The band-pass filter

I now look at the randomwalk approximation as described byChristiano andFitzgerald
(2003) used to generate shock and trend variables, the proxies for short and long-term
firm performance. Assuming the ideal band-pass filter generates the data yt when
applied to raw data xt , and the data generated from the approximation yield ŷt , then
the problem of getting the best approximation minimizes the mean squared error
between the ideal filter and the approximation:

E
[
(st − ŝt )

2 | y], y ≡ [y1, · · · , yt ]. (10)

The ideal filter generates the cyclical component using

st =
∞∑

j=−∞
b j yt− j . (11)

So ŝt is a linear projection of s on y in each t . The aim is to identify a part of yt that
oscillates with a period between pl and ph , where 2 ≤ pl < ph < ∞, using the
random walk filter in the non-stationary asymmetric case (Christiano and Fitzgerald
2003). The filter works for non-stationary data in that it is robust up to one unit root, but
it is not invariant to drift. One must remove drift so that the filter induces stationarity.
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Assuming a random walk plus drift process transforms the original series using

zt = yt − (t − 1)(yt − y1)

(T − 1)
. (12)

Appendix 3: Additional tables

See Tables 5 6, 7 and 8.

Table 5 Summary statistics of winsorized variables

Variable N Mean SD Min. Max.

Age 25,636 51.7 8.1 25 92

Salary* 25,502 522.1 425.7 17.4 2317.1

Bonus* 21,686 437.1 725.9 0 4221.8

Equity-linked* 13,956 2101.2 4392.7 2.9 29,881

Variable compensation* 25,502 1462.3 3151.2 0 21,359

Total compensation* 25,636 1988.1 3393.1 18.8 22,615

Total wealth* 22,075 15,672.3 52,480.3 5.3 418,912.6

Market value of equity** 25,636 7110 17,147.6 3 99,091

Shock f *** 25,636 0 2.6 −11.6 12.7

Trend f *** 25,636 7.1 16.8 0 95.1

Shocks*** 25,636 0.1 2.2 −7.4 8.9

Trends*** 25,636 6.7 6.2 0.5 30.8

GDP growth 25,636 1 2.5 −8.3 15.2

GDP per capita 25,636 42,785.1 7348.3 1724.7 115,109.3

Inflation 25,636 2.6 1.1 −1.7 14.1

∗∗∗Scaled in Billions $US, ∗∗scaled in millions $US, ∗scaled in thousands $US. The sum of salary, bonus,
grant-date value of newly emitted equity-linked and long-term incentive plans, equals total compensation.
Observations with zero salary or total compensation are dropped from the data, as this is implausible. The
sample includes executives for which there is at least one non-missing observation of total compensation.
If an executive works in two firms at the same time, plausibility checks were done and some observations
dropped according to the following criteria. If data are entirely missing, this observation is deleted. If there
is a holding company or a subsidiary, and the executive had the same position at both firms, the observation
belonging to the parent company is kept. If one position was only a representative or deputy position, this
observation is deleted. If the firm is listed in two countries, the headquarter country is kept. If the executive
switched positions and thus worked for two companies in one year, the first year of the new job is deleted,
as this generally covers fewer months. Firm and industry shock and trend variables are generated using
the band-pass filter, removing drift and cycles between 2 and 8 years from the raw data to generate the
trend. GDP growth and GDP per-capita are from the World Bank, and Inflation is measured as the average
percentage change in consumer prices in each country, which is from the IMF database. All compensation,
shock and trend variables are winsorized at the 1st and 99th percentiles
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