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Abstract

This paper assesses the impact of managerial labor market competition on execu-

tive incentive contracts. I develop a dynamic contracting model that features moral

hazard, search frictions and poaching offers. The model generates a job ladder along

which executives get promoted internally and transit toward larger companies. The

ladder is bumpy in that how high the next rung depends on the manager’s effort, the

realized productivity and size of the poaching firm. The model is applied to two ex-

ercises. First, I show that poaching generates a new source of incentives that explains

a newly documented empirical puzzle — the firm-size incentive premium. Second,

the estimated model is employed to quantitatively account for the trend of executive

compensation over decades.
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“The bumpy ladder presents a fun obstacle for children to climb. Each of the sections of the

ladder between rungs are on slightly different angles. ”

— from the product description of a bumpy ladder

1 Introduction

Recent literature has documented a rich set of stylized facts on executive job-to-job mobility.

For instance, there has been an increasing trend of transitions since the 1980s. Regarding who

transits, it is found that transitions happen to all titles, but the transition rate is lower for CEOs

and executives in larger firms. On the moving direction, the majority of job-to-job transitions have

a move towards a larger firm, a promotion in title, and a rise in pay. These facts hint at a job

ladder in which more prestigious employers and titles locate on the higher end (Graham et al.

2021, Kaplan and Minton 2012, Murphy and Zabojnik 2007, Huson et al. 2001).1 Contrary to the

abundant empirical findings, a theoretical framework that is compatible with these mobility facts

is missing. Indeed, this paper is a step towards such a framework, asking: What are the features

of the managerial labor market that generate these job mobility patterns? What differentiates the

job ladder of executives from that in a general labor market? What are the impacts on executive

contracts, and notably on the hallmark of those contracts — the incentives?

I answer these questions by constructing a job ladder model that features search frictions in

the executive labor market and dynamic moral hazard between the firm and the executive. In

the model, firms differ in size, and executives differ in managerial productivity, both of which

contribute to production. The firm size is time-invariant, and the executive productivity evolves

by a Markov process that depends on effort. While output (equivalently, executive productivity)

is observable, effort is not. Thus, moral hazard arises. The pair of firm and executive establishes a

long-term incentive contract that trade-offs incentives versus costs.
1The career path of Brian C. Voegele is a good example of the job ladder: Since his graduation from university, he

started as a tax manager in the accounting firm, Ernst & Young LLP. He then was employed by Transocean, Inc. from
1989 to 2005, where he was promoted step by step from a director of tax to the vice president of finance. In June of 2005,
he started to serve as the vice president and chief financial officer at Bristow Group Inc. The same year in December, he
joined Pride International Inc. and has been a senior vice president and chief financial officer since then. Executive job
ladder also exists at the CEO level. The career path of Richard C. Notebaert is as an example of the job ladder as described
by Giannetti (2011): “Notebaert led the regional phone company Ameritech Corporation before its 1999 acquisition by
SBC Communication Inc.; after, he held the top job at Tellabs Inc., a telecom-equipment maker; finally, in 2002, he became
CEO of Qwest Communications International Inc.”
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During each period, the executive is poached with a probability. The incumbent and the

poaching firms then engage in a Bertrand competition, where the executive either renegotiates

with the current firm for a higher pay, or transits to the poaching firm. As a result, job mobility

emerges. The model generates a job ladder along which an executive’s compensation grows

when other firms poach her. Broadly speaking, my model is a search-frictional version of the

assignment models by Tervio (2008) and Gabaix and Landier (2008), or a dynamic moral hazard

version of the on-the-job search model by Postel-Vinay and Robin (2002) and Cahuc et al. (2006).

The developed model gives a number of predictions that are confirmed in the data. First,

when competing for an executive, a larger firm is capable of bidding higher. The Bertrand com-

petition between two firms then yields that the executive takes the job with the larger employer.

That is, job transitions are towards larger firms. Consequently, executives in large companies are

less likely to be poached successfully and transit. These predictions are in line with the aforemen-

tioned stylized facts. Second, expecting the arrival of poaching offers, firms backload compensa-

tion to retain executives. The compensation growth over an executive’s tenure is due to bidding

by entrants who are smaller and thus unable to poach the executive. Together, the model predicts

that, despite a lower job-to-job transition rate, executives in a large firm experience higher pay

growth, consistent to the fact that I document in the data.

Overall, the bidding process gives rise to a job ladder where each rung is defined by a com-

pensation level, and each outside offer is a chance to move up. A salient feature of the job ladder

is that it is bumpy, which distinguishes my model from the classical job ladder models. The mean-

ing of “bumpy” is two-fold. First, executive compensation depends on the realized productiv-

ity/output, which is a defining feature of an incentive contract. Because the output is stochastic,

so is the compensation. Thus, along the ladder executive compensation can move up and down.

Second, in the competition between incumbent and poaching firms, both sides are willing to bid

higher if the executive turns out to be more productive. Therefore, it is ex-ante uncertain how

high the next rung of the ladder will go — a high realized output leads to fierce bidding, whereas

a low realized output leads to mild bidding.

The bumpy job ladder model highlights where executives’ incentives originate. The exec-
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utive puts in effort not only for higher pay from the current firm but also for a better poaching

offer. The latter is a new source of incentives that the current firm gets ”for free”, called the poach-

ing offer incentives. Thus, despite that the compensation is backloaded, incentives are not. With

poaching offers, a firm may lose an executive to other firms. However, it also benefits because

with poaching offer incentives, the current firm only needs to provide lower equity-based pay

to motivate the executive. In this sense, the labor market is a double-edged sword — firms save

on incentive pay but separate with the manager for a higher probability. This insight guides me

in the first application of the model, where I explain an empirical puzzle on incentive pay using

poaching offer incentives.

In the first application, I study the impact of firm size on the contractual incentive provision.

I document a novel fact that larger firms tend to give executives a higher proportion of incentive

pay. Specifically, if the firm size doubles, the fraction of incentive-related pay in total compen-

sation increases by 4.74 percentage points (the median fraction is 65%). I refer to this fact the

firm-size incentive premium, which, to my knowledge, is documented for the first time. Besides

using the proportion of incentive pay, in Section 4, I also establish the incentive premium us-

ing wealth-performance sensitivities which are better metrics for incentives because the majority

of contractual incentives come from the existing holdings of equity and option, rather than the

newly granted.

Poaching offer incentives is the key to understand the firm size incentive premium. How

strong the poaching incentives are depends not only on the benefits in dollars but also on how the

executive perceives the incentives. I show that under a mild condition, poaching offer incentives

are lower for executives in larger firms. The intuition is that larger firms are capable of bidding

higher, thus those executives are expected to receive higher compensation in the future. Due to a

diminishing marginal utility of wealth, the perceived poaching offer incentives are smaller. For

this reason, large firms need a higher proportion of contractual incentives to compensate for the

weakened poaching offer incentives.

This simple explanation is quantitatively relevant. I estimate the model using simulated

method of moments, where I target the first and second order moments on total compensation,
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firm size, incentives, job turnovers, etc. Notably, the firm-size incentives premium is not tar-

geted. Nevertheless, the estimated model quantitatively captures the premium well. Moreover,

I demonstrated that poaching offer incentives account for a large portion of total incentives for

small firms. The fraction of poaching offer incentives goes down to around 15% for medium-

sized firms, and almost vanishes for top-sized firms.

In a second application, I use counterfactual exercises to quantitatively account for the sharp

increases in executive total and incentive pay, the rising inequality across executives, as well as the

stronger correlation between firm size and compensation since the mid-1970s (Frydman and Saks

2010). I show that, by increasing the poaching offer arrival rate while preserving all other pa-

rameters, the model can match data moments well, including the rising dispersion of executive

compensation. The interpretation is that the managerial labor market is much thinner before the

1970s, which is consistent with the evidence provided by Frydman (2005), Murphy and Zabojnik

(2007).

The rest of this section reviews the related literature. Section 2 presents stylized facts of

executive job mobility that motivate my model. I then set up the model in section 3, where I

characterize the optimal contract. Section 4 is the first application of the model where I document

the firm-size incentive premium and use the model to explain it. Additionally, I structurally

estimate the model and evaluate the quantitative predictions. Section 5 is the second application,

and finally Section 6 concludes.

Literature review

This paper contributes to the literature that uses the competitive assignment model to explain the

correlation between executive total compensation, performance-based incentives and firm size

(Gabaix and Landier 2008, Tervio 2008, Eisfeldt and Kuhnen 2013, Baker and Hall 2004, Edmans

et al. 2009, Edmans and Gabaix 2011). Since in these models matching is frictionless, job-to-job

transitions are only implicit.

Another strand of literature explains the executive pay differentials in firm size using agency
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problems, e.g., Gayle and Miller (2009). Gayle et al. (2015) embed a multi-period moral hazard

problem into a generalized Roy model and they find that the signal quality is worse in larger

firms, which explains most of the pay differentials between small and large firms. The critical

difference is that, in their model job-to-job transitions are in general not directed in firm size,

whereas in my model there is a hierarchical job ladder from small to large firms. This explains

why incentives of labor market competition contribute much more in my framework.

In explaining the rise of executive compensation in recent decades, my paper is an explana-

tion based on job mobility. The literature highlights that the increases in compensation coincide

with the increased mobility which is ultimately brought about by the increased importance of

general managerial skills rather than firm-specific knowledge (Frydman 2005, Frydman and Saks

2010, Murphy and Zabojnik 2007). Giannetti (2011) develops a model to show that job-hopping

opportunities help explain the increase in total pay and the structure of managerial contracts.

Regarding modelling, this paper links two literature strands. One strand is an extensive

literature on optimal long-term contracts with private information and commitment frictions.2 I

build on this literature by embedding an optimal contracting problem into an equilibrium search

model. In doing so, the outside environment is endogenized which significantly changes the

optimal contract. In particular, the outside option of the executive is explicitly modelled as a

result of random on-the-job search, and it depends on the executive’s previous effort.3 Another

strand uses structural search models to evaluate wage dispersions, e.g., Postel-Vinay and Robin

(2002), Cahuc et al. (2006), and Lise et al. (2016).4 The managerial labor market is a particularly

appropriate environment for the sequential auction framework — it happens very often that

executives are contacted and ”auctioned” by competing firms for promotion (Khurana 2004).

2See e.g., Rogerson (1985), Spear and Srivastava (1987), Phelan and Townsend (1991), Thomas and Worrall (1990),
Phelan (1995), Edmans et al. (2012), Farhi and Werning (2013), Wang and Yang (2022).

3Grochulski and Zhang (2017) study the optimal mix of external and contractual incentives. Their model highlights
that market-based incentives reduce the need for contractual incentives. Contrary to my model, they have a frictionless la-
bor market with homogenous firms, and job-to-job transitions never happen in equilibrium. Wang and Yang (2022) study
a dynamic principal-agent model and shed light on the interaction between moral hazard and voluntary/involuntary
CEO turnovers. They model CEO’s market value as an i.i.d. draw each period which captures the change of market
conditions, whereas my model imposes explicit structure on the labor market.

4Abrahám et al. (2017) combine repeated moral hazard and on-the-job search to explain wage inequality in the general
labor market. What distinguishes my model from theirs is that agents’ productivity is persistent in my model. This
feature gives rise to poaching offer incentives and explains the firm-size incentive premium. See also job ladder models
with directed on-the-job search, e.g., Menzio and Shi (2010), Lentz (2014), Tsuyuhara (2016), etc.
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2 Three stylized facts of executive job mobility

I construct a novel dataset of executive job mobility and compensation by linking BoardEx with

standard data sources, including Execucomp, Compustat, and CRSP. This section first introduces

the construction of the data and the definition of job-to-job transitions. Then I document three

stylized facts that serve as the first pass for an appropriate theoretical model on executive job

mobility.

2.1 Data and the definition of job-to-job transitions

Execucomp contains rich firm-side information and contract-related information for the top five

to eight named officers of S&P listed firms. However, there is little information in this database

that one can infer about job transition status. To supplement, BoardEx contains a full employ-

ment history for each executive. Particularly relevant to this study is that each job episode has

the start/end dates, the employer, and the job title. This means that by linking Execucomp to

BoardEx, I can trace where and when the executive worked before becoming a named executive

in Execucomp, and what her subsequent jobs are.

To merge Execucomp and BoardEx, I use an executive’s full name (first, middle and last

names), date of birth, and whether the two datasets share the same job episodes, namely, during

the period that the executive is a named officer in an Execucomp firm, the same job episodes

show up in BoardEx database. When all three pieces of information are consistent, I confirm

that the same executive has been identified in both databases and merge relevant observations. I

successfully matched a sample of 35, 088 executives. Among these executives, 26, 972 executives

had retired before 2016 (the year I collected the data); thus, I have their entire job histories. The

total number of executive-fiscal year observations is 218, 168, spanning from 1992 to 2016. See

Appendix B for summary statistics.

For each job episode in Execucomp, I define the end-of-job-spell status as either a job-to-job

transition or an exit from the executive labor market. An executive has a job-to-job transition if

she starts to work as an executive in another firm within six months after her Execucomp spell
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ends. Otherwise, she exits from the labor market. Based on this definition, the average yearly

job-to-job transition rate is 4.98%, and the average exit rate is 6.91%. Relaxing the criterion from

six months to a year necessarily increases the transition rate and lowers the exit rate but does not

change the data patterns shown below.

To see that the differentiation between transition and exit does make sense, Figure 1 and

2 show how the two rates change with age. The transition rate increases before age 40, peaks

between 42 and 46, and then goes down after age 50. In contrast, the exit rate peaks at age 65.

These patterns are consistent with common sense.

Based on this definition of job-to-job transitions, I replicate some patterns documented in

previous studies. For example, the transition rate is much lower for CEOs, and transitions can

happen within or across industries. Among transitions that industry information is observable

in the data5, 1717 out of 2567 transitions (that is, 67%) are within an industry when the defi-

nition of industries is Fama-French 12, and 1407 (55%) when the definition is Fama-French 48.

Besides, transitions between private and listed firms are also common, which is worth further

examination in future studies.

2.2 The three facts

Fact 1. Upon transit, executives tend to move to larger firms.

Firm size is measured by market capitalization. In my sample, there are 9138 job-to-job tran-

sitions from a Compustat firm, and 2567 of them have the size information on both the original

and targeted firms. Since a transition is included whenever firm size is observed, it is a reason-

able sample of job-to-job transitions between publicly listed firms. I find that approximately 60%

job-to-job transitions are associated with an increase in firm size. The fraction is stable across age

groups and industries, as shown in Table 1. I further explore those transitions towards a smaller

firm. It turns out that 20% of those cases are due to a title change from a non-CEO title to a CEO

title, while this fraction is only 3.3% in transitions towards a larger firm. Figure 3 portrays the

5That is, the transition has to be between S&P firms, though the executive needs not to be a named officer in either
the original firm or the targeted firm.
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distribution of the change in firm size upon a transition. While most of the transitions are be-

tween firms of similar sizes, there are a lot of “leap” transitions where the targeted firm is much

larger. This pattern lends support to my modelling of the managerial labor market where search

is random.

Fact 2. Executives from larger firms are less likely to move.

As a first pass, figure 4 depicts the transition rates across firm size quantiles with a fitted line.

The transition rate decreases from more than 6% at the 5th percentile to less than 3% at the 95th

percentile. I then estimate a Cox model to show how firm size affects the hazard of a job-to-job

transition. As shown in Table 2 columns (1) to (2), firm size is negatively associated with the

hazard rate of job-to-job transitions in two regression settings. In column (1), age, tenure, year,

and industry dummies are controlled. In column (2), I further add log(tdc1), CEO, CFO, director,

interlock dummies, and firm performance metrics including market book ratio (mbr) and operating

profitability. In particular, tdc1 is the total compensation, including salary, bonus, and new equity

grants. Overall, it is a robust result that executives in larger firms are less likely to have job-to-job

transitions.

Fact 3. Executives in larger firms tend to experience higher pay growth.

The pay-growth rate is measured by the first-order difference of log(tdc1). Column (3) in

Table 2 presents the regression of ∆ log(tdc1) on firm size, controlling for the last period total

compensation, tenure, age, and year × industry dummies. The estimates indicate that starting from

the same total compensation level, for a 1% increase in firm size, the compensation growth rate

increases by 11.2%. To put the number into context, note that the median pay-growth rate is

7%. Based on the estimates, if firm size doubles, the pay-growth rate increase to 15%. In column

(4) estimated coefficient becomes even larger after further controlling for company performance

metrics (operating profitability, market-book ratio), title dummies (director, CEO, CFO).
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Table 1: Change of firm size upon job-to-job transitions

Panel A: All executives

Firm size proxy Total obs. Size decrease obs. (%) Size increase obs. (%)

Market Cap 2567 985 (39%) 1582 (61%)
Sales 2617 1051 (40%) 1566 (60%)
Book Assets 2616 1038 (40%) 1578 (60%)

Panel B: Across age groups

Age groups Total obs. Size decrease obs. (%) Size increase obs. (%)

≤ 40 100 34 (34%) 66 (66%)
[40, 45) 381 135 (35%) 246 (65%)
[45, 50) 701 262 (37%) 439 (63%)
[50, 55) 766 304 (40%) 462 (60%)
[55, 60) 420 179 (43%) 241 (57%)
[60, 65) 134 52 (39%) 82 (61%)
[65, 70) 28 7 (25%) 21 (75%)
≥ 70 6 1 (16%) 5 (84%)

Panel C: Across industries

Industries FF-12 Total obs. Size decrease obs. (%) Size increase obs. (%)

1 Consumer NonDurables 119 39 (33%) 80 (67%)
2 Consumer Durables 88 33 (38%) 55 (62%)
3 Manufacturing 281 98 (35%) 183 (65%)
4 Energy 120 58 (48%) 62 (52%)
5 Chemicals 71 30 (42%) 41 (58%)
6 Business Equipment 609 229 (38%) 380 (62%)
7 Telcom 60 20 (33%) 40 (67%)
8 Utilities 96 48 (50%) 48 (50%)
9 Wholesale and Retail 381 142 (37%) 239 (63%)
10 Healthcare and Drugs 197 89 (45%) 108 (65%)
11 Finance 314 115 (37%) 199 (63%)
12 Other 231 84 (36%) 147 (64%)
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Table 2: Job-to-Job Transitions, Pay-growth and Firm Size

Job-to-Job transition ∆ log(tdc1)
(1) (2) (3) (4)

log(firm size) -0.0517∗∗∗ -.0522∗∗∗ 0.1117∗∗∗ 0.1436∗∗∗
(0.0066) (0.0101) (0.0090) (0.0113)

log(tdc1) -.0306∗ -0.2898∗∗∗ -0.3809∗∗∗
(0.0162) (0.0200) (0.0255)

CEO -0.1032∗∗ 0.2914∗∗∗
(0.0511) (0.0134)

CFO -0.0369 0.0313∗∗∗
( 0.0322) (0.0054))

director -0.8811∗∗∗ 0.1070∗∗∗
(0.0473) (0.0113)

interlock -0.5773∗∗∗ -0.1297∗∗∗
(0.189) (0.0238)

mbr -0.0893∗∗∗ 0.0007
(0.0105) (.0047)

profitability -.1191∗∗∗ 0.0172
(0.0174) (.0202)

age dummies x x x x

tenure dummies x x x x

year dummies x x

indust dummies x x

year × indust dummies x x

N 206,676 135,213 129,068 107,593
chi2 / adj. R2 3262.38 3548.85 0.1573 0.2057

Note: Columns (1) and (2) estimate a Cox proportional hazards model where the event is a job-to-job transition, and
the hazard function is stratified on Fama-French 48 industries. I control for age, tenure, and fiscal year dummies.
Columns (3) and (4) estimate a linear regression of the first order difference in log(tdc1) on lagged log(size) and
lagged log(tdc1). Controls include operating profitability, market-book ratio (mbr), director (whether the executive served
as a director during the fiscal year), CEO, CFO (whether the executive served as a CEO or a CFO during the fiscal
year), and interlock (whether the executive is involved in the interlock relationship). Besides, I control for age,
tenure, and fiscal year times industry dummies. The standard error (clustered at the firm × fiscal year level) are
shown in parentheses, and I denote symbols of significance by ∗ p < 0.05, ∗∗ p < 0.01, ∗∗∗ p < 0.001, respectively.
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Figure 1: Job-to-job transition rate over age

Note: The figure depicts the estimates of job-to-job transition rates over age with the 95% confidence interval
around the estimates. A job-to-job transition is defined as an executive leaving the current firm and starting to work
in another firm within six months.
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Figure 2: Exit rate over age

Note: The figure depicts the estimates of exit rates over age with the 95% confidence interval around the estimates.
An exit is defined as an executive leaving the current firm and does not work in another firm for six months.
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Figure 3: Distribution of changes in firm size upon a job-to-job transition

Note: This bar plot depicts the distribution of change in firm size (measured by market capitalization in billion dollars)
in blue (increase in firm size) and red (decrease in firm size).
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Figure 4: Job-to-job transition rate across firm size

Note: The figure depicts the estimates of job-to-job transition rates across 60 firm size quantiles (scatter points) and
a fitted line.
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3 The theoretical framework

In this section, I first construct a job ladder model and then characterize the optimal incentive

contract. In subsection 3.3, I explain how the model generates a bumpy executive job ladder and

how the model gives predictions that are consistent with the three stylized facts of Section 2.

3.1 Set-ups

Executives Time is discrete, indexed by t, and continues forever. There is a continuum of in-

dividuals. Each is either employed as an executive or looking for an executive position as a

candidate. Individuals die with some probability. Once that happens, a “newborn” enters and

becomes a candidate searching for an executive position. The model focuses on executives’ on-

the-job search and its influence on the compensation contract. Death and candidates are added

to avoid that all executives are on the top of the job ladder in steady state.

Each individual aims to maximize expected lifetime utility:

E0Σ∞
t=0(β × (1 − η))t(u(wt)− c(et)),

where β̃ ∈ (0, 1) is the discount factor, η ∈ (0, 1) is the death probability, utility of consumption

u : R+ → R is twice differentiable, strictly increasing and concave with limw→0 u′(w) = ∞, c(·)

is the dis-utility of effort. Effort et takes two values, et ∈ {0, 1} with 1 representing high effort

and 0 shirking. Normalize c(0)to 0, and denote the cost of taking effort by c = c(1) > 0. Let

β = β̃(1 − η) be the effective discount factor.

Managerial productivity. Executives are heterogeneous in an observable managerial produc-

tivity z, which takes on values in a finite set, z ∈ Z = {z(1), z(2), ..., z(nz)} with z = z(1) < z(2) <

... < z(nz) = z. This productivity is not (entirely) firm-specific and thus can be carried through

job-to-job transitions between firms. All matches start with productivity z(1), then z evolves ac-

cording to a Markov process. Formally, given a beginning-of-period productivity z, the executive

chooses to take effort or not. At the end of the period, z′ is realized and becomes the beginning-
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of-the-next-period productivity. z′ has a probability γ(z′|z) if e = 1, and γs(z′) if e = 0. Note that

γs is assumed to be independent of z for simplicity. The process of z has two properties that are

common in literature:

a. For each executive, z is positively correlated across time; therefore, a competent executive

will likely be productive in the next period. This requires that γ is monotone such that for every

non-decreasing function h : Z → R, ∑z′∈Z h(z′)γ(z′|z) is also non-decreasing in z.

b. Making an effort today leads to higher chances of obtaining high productivity. This re-

quires the likelihood ratio defined by g(z′|z) ≡ γs(z′ |z)
γ(z′ |z) satisfy MLRP, i.e., g(z′|z) is non-increasing

in z′.

Firms Firms are different in time-invariant scale of asset which takes on values in a finite set,

s ∈ {s(1), s(2), ..., s(ns)} with s = s(1) < s(2) < ... < s(n) = s. A match between an executive of

productivity z and a firm of size s generates a flow of output f (z, s) each period. f is strictly

increasing and strictly concave. Concavity implies the presence of at least some complementar-

ities between firm size and executive productivity. While managerial productivity z and output

f (z, s) are observable, effort e is not. Thus, a moral hazard problem arises.

Managerial labor market The managerial labor market is search frictional, which precludes the

optimal assignments assumed in Gabaix and Landier (2008). Search is random. All individuals,

employed or not, have a probability λ to sample a poaching firm of size s′ from an exogenous

distribution with probability p̃(s′). Since the only role of candidates is to maintain an active

job ladder, I normalize that all candidates have the same continuation value U. Thus, when a

candidate is matched, the firm offers a contract of value U. The candidate enters the next period

as an employed executive. U is also the outside option value of an on-the-job executive. When

an employed executive meets an outside firm, the incumbent and the outside firms engage in a

Bertrand competition à la Postel-Vinay and Robin (2002) where the executive takes the job of the

larger firm. Anticipate this subgame, in a renegotiation-proof contract, the firm would specify its

counter-offers depending on the manager’s productivity and poaching firm size.
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Timing Consider an executive with a beginning-of-period productivity z and is currently matched

to a firm with size s. Each period has three stages:

1. Production and pay: The executive contributes her beginning-of-period productivity z to

production f (z, s) and obtains a flow compensation w. With probability η, the executive

dies. Otherwise, she proceeds to the next stage.

2. Update productivity: The executive chooses an effort level. Then a new productivity z′

is drawn from γ(z′|z) if she takes effort or from γs(z′) if she shirks. z′ is the beginning

productivity of the next period.

3. Poaching offers: With probability λ, the executive is poached by a firm of size s′. Then the

contract is updated based on (z′, s′).

The compensation w, effort choice e, and the job-to-job transition decisions in each period are

stipulated in the contract between the firm and the executive, defined on a proper state of the

world, which we now turn to.

3.2 Contracting

Contractual environment To recursively write up the contracting problem, I use the executive’s

beginning-of-period expected utility, denoted by V ∈ V, as a co-state variable to summarize the

history of productivities and outside offers. This is a standard method in the dynamic contracts

literature; see, e.g., Abreu et al. (1990). A dynamic contract defined recursively, is

{e(V), w(V), W(z′, s′, V)|z′ ∈ Z, s′ ∈ S and V ∈ V},

where e is the effort level suggested by the contract, w is the flow compensation, and W is the

promised value given for a given state (z′, s′). Since I will focus on publicly listed firms, all of

which are relatively large, I impose that s is sufficiently high such that:

a. Given the cost of effort c, the benefits of high effort outweigh the cost of incentivizing an

executive. This implies that e = 1 in any optimal contract.
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b. Conditional on giving an executive the value U, the discounted sum of profits of a match is

always positive. Under this assumption, dismissal is entirely captured by the exogenous

parameter η.6

In the following, I first characterize competition for talents between firms, namely, the sequential

auction, and then set up the contracting problem.

Sequential auction Let Π(V, z, s) denote the discounted sum of profits for a firm with size s,

matched to an executive with beginning-of-period productivity z and a promised value to the

executive V. The maximum bidding value W(z, s) are defined by

W = sup{W ∈ R|Π(W, z, s) ≥ 0}.

The firm will separate with the executive (and the vacancy value is normalized to 0) if the latter

demands higher than W. I call W(z, s) the bidding frontier of the firm and highlight that it depends

on (in fact, increases in) z and s.

The competition between the incumbent and poaching firms works as follows. When an ex-

ecutive from a firm of size s (hereafter firm s) meets a poaching firm of size s′ (hereafter firm

s′), the two firms enter a Bertrand competition. The best firm s can provide is a promised utility

W(z′, s). When s′ > s, the executive accepts to move to firm s′ which offers W(z′, s). Any less

generous offer by firm s′ is successfully countered by firm s. If s′ ≤ s, the executive will stay at

her current firm, and be “promoted” to continuation value W(z′, s′) that makes her indifferent

between staying and joining firm s′. The above argument defines outside values of the execu-

tive contingent on each state (z′, s′): W(z′, s′) ≥ min{W(z′, s̃), W(z′, s)}. Only when a contract

satisfies these constraints that it is renegotiation-proof (Lentz 2014).7

The contracting problem In designing the contract, the firm chooses a current period compen-

sation w, a set of promised values W(z′, s′) for each realization of (z′, s′). An executive always

6Adding dismissal to the quantitative analysis is straightforward. However, exploring the implications and matching
them with facts on executive dismissal is out of the scope of this study.

7What distinguishes this model from the original sequential auction framework Postel-Vinay and Robin (2002) is that,
in my model pay is not flat. Firms compete on a menu of values (a stream of pay in future) contingent on all possible
future histories, which is summarized by W(z, s).
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holds the outside value U, whether she receives an offer or not. This is equivalent to that dur-

ing each period she receives an offer from a “virtual” firm. Let’s denote the firm size by s(0),

which is supposed to be much smaller than s. Impose that this virtual firm has a bidding frontier

W(z, s(0)) ≡ U for all z ∈ Z. Using this virtual firm, the distribution of poaching firms can be

written as p(s) = I(s = s(0))(1 − λ) + I(s ̸= s(0))λ p̃(s) for s ∈ S ≡ {s(0), s(1), s(2), ..., s(ns)}. The

expected discounted sum of future profits of the firm can be expressed recursively as

Π(V, z, s) = max
w,W(z′ ,s′)

{
f (z, s)− w + β̃Ez′ ,s′≤s

[
Π(W(z′, s′), z′, s)dF̃(s′)|z

]}
. (BE-F)

subject to the promise keeping constraint,

V =u(w)− c + β̃Ez′ ,s′
[
W(z′, s′)|z

]
, (PKC)

the incentive compatibility constraint,

β̃Ez′ ,s′
[
W(z′, s′)(1 − g(z′|z))|z

]
≥ c, (IC)

and for all z′ and s′, the participation constraints of the firm

W(z′, s′) ≤ W(z′, s), (PC-F)

and finally the participation/renegotiation-proof constraints of the executive:

W(z′, s′) ≥ min{W(z′, s′), W(z′, s)}. (PC-E)

I have used E to denote the expectation with respect to z′ and s′. The objective (BE-F) is the

Bellman equation of the firm, which includes a flow profit of f (z, s) − w and the continuation

value. Note that the continuation value of a firm is normalized to zero if the match separates,

either because the executive dies, which happens with probability η, or the executive transits

to another firm, which happens if the poaching firm is larger. The promise-keeping constraint

(PKC) ensures that the choices of the firm honour the promises made in previous periods to

deliver V to the executive. The incentive compatibility constraint (IC) says the continuation value

of taking effort is higher than that of shirking. This creates incentives for the executive to pursue

the shareholders’ interests rather than her own. Note that with the term 1 − g(z′|z), the left-
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hand side is the difference of continuation values between taking effort and shirking. Finally,

the participation constraints are stated in (PC-E) and (PC-F). The firm stays in the relationship

as long as the promised value is no more than W(z′, s). The sequential auction pins down the

outside value of the executive, i.e., the right-hand side of (PC-E). When there is no poaching firm,

W(z′, s′) = U. I provide a characterization of the optimal contract in the following proposition.

Proposition 1. Π(V, z, s) is differentiable, strictly decreasing and strictly concave in V, strictly increas-

ing in z and s. Given a beginning-of-period state (V, z, s), the optimal contract follows:

(i) w is determined by

∂Π(V, z, s)
∂V

= − 1
u′(w)

; (1)

(ii) define W(z′) as the continuation value determined by

∂Π(W(z′), z′, s)
∂W(z′)

− ∂Π(V, z, s)
∂V

= −µ(1 − g(z′|z)), (2)

where µ is the multiplier of IC constraint, then

W(z′, s′) =



W(z′, s) if s′ ≥ s or W(z′) > W(z′, s),

W(z′, s′) if s′ < s and W(z′) < W(z′, s′),

W(z′) otherwise.

(3)

Proof. See Appendix A.

Equation (1) says that the current period flow compensation w is directly linked to the promised

continuation utility V by equating the principal’s and agent’s marginal rates of substitution be-

tween the present and future compensation. A higher V is associated with a higher flow com-

pensation w. Therefore, if an executive is rewarded with a high continuation value, then in the

following periods, she will obtain a series of high flow pay. Suppose there are no participation

constraints, then equation (2) says that the continuation utility W(z′) only changes to induce high

effort. In the extreme case that IC constraint is not binding (µ = 0), W(z′) = V keeps constant.

Thus, w would also be constant over time. Even when µ ̸= 0, according to (2), a higher V tends to

induce a higher W(z′). Therefore, the optimal dynamic contract has memory, which is a property

of the classical infinite repeated moral hazard model (Spear and Srivastava 1987).
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When the outside offers are realized such that the participation constraint is binding, the

contract dispenses of the history dependence, and the continuation value depends on the current

state. This is what Kocherlakota (1996) calls amnesia. As stated in (3), when the poaching firm is

larger s′ ≥ s, the continuation value equals the bidding frontier of the current firm W(z′, s′) =

W(z′, s); when the poaching firm is smaller s′ < s, the continuation value depends on whether

the bidding frontier of the outside firm W(z′, s′) can improve upon W(z′).

It’s worth emphasizing that even when the participation constraint is binding, amnesia of the

optimal contract is not “complete” — although W does not depend on the previously promised

utility V, it does depend on the executive’s productivity z′ which is stochastically determined

by the effort in previous periods. In other words, the boundaries of participation constraints

still carry the memory of previous effort. Therefore, the bidding between the incumbent and

the poaching firm not only has a level effect, but also generates extra incentives, which plays a

crucial role in the following analysis. Finally, given that Π(·) is continuous and increasing in z

and s, W(z, s) is well defined.

3.3 The bumpy job ladder

With the characterization of the optimal contract in hand, we are ready to illustrate how the

job ladder works. To be precise, the job ladder is defined on the executive continuation value

W. Climbing the job ladder implies that the executive obtains a higher continuation value. Ac-

cording to (1), given z and s, there is corresponding flow pay w. Thus, the job ladder can be

equivalently defined by total compensation and firm size.

Predictions on job transitions Consider an executive who works in a firm of size s and has a

continuation value W. Divide possible poaching firms into two sets:

M1(s) ≡ {s′ ∈ S|s′ > s},

M2(z, s, W) ≡ {s′ ∈ S|s′ ≤ s, W < W(z, s′)}.
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Then the promise-keeping constraint can be rewritten as follows:

V = u(w)− c + β̃ ∑
z′∈Z

[
λ ∑

s′∈M1

p(s′)W(z′, s) + λ ∑
s′∈M2

p(s′)W(z′, s′)

+
(

1 − λ ∑
s′∈M1∪M2

p(s′)
)

W(z′)

]
γ(z′|z), (PKC’)

(PKC’) explains how, by using poaching offers, an executive climbs the ladder; and how by back-

loading compensation, the firm retains her. If the outside firm belongs to M1, the executive

transits and receives the full surplus of her previous employer W(z′, s). If the outside firm be-

longs to set M2, the incumbent firm offers a higher continuation value W(z′, s′) and the executive

stays. Other offers are simply dropped since they are not strong enough to improve upon W(z′),

as shown in the third term in brackets.8

The model has following predictions. First, by construction, a job-to-job transition occurs

only when the poaching firm s′ ∈ M1. Thus, executives tend to move to larger firms (Fact 1

in section 2). Second, search is random, and all executives draw poaching firms from the same

distribution. Executives in larger firms are less likely to meet an even larger firm and transit (Fact

2). Instead, an outside firm is more likely to belong to M2. Countering these outside offers lead

to higher compensation growth in large firms (Fact 3).

W

t0 1 2 3 4 5 6 7 8 9 10 11

receive a poaching offer from firm s′

W0

W1(zh)

W1(zm)

W1(zl)

Figure 5: An illustration of the bumpy job ladder

8There exist cases where the last two terms can not be separated. Here I omit that for a concise illustration.
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A bumpy ladder and poaching offer incentives The ladder is bumpy because, no matter in

a promotion or in a transition, how high the next step depends on a stochastic realization z′

(which in turn depends on the effort taken by the executive). This is a defining feature of in-

centive contracts. To illustrate, consider an executive that starts to work in period t = 0 with a

continuation value W0. In each period, there are three possible realizations of z: zl < zm < zh.

Correspondingly, the incentive contract indicates for each outcome the continuation value in

period t: {Wt(zh), Wt(zm), Wt(zl)}. In Figure 5, the menu of continuation value for each z′ is rep-

resented by a circle/cross, and the cross represents the continuation value of the realized z′. The

red dotted line illustrates how the continuation value changes over time.

At t = 1, zm is realized. This pins down the continuation value W1(zm). If there were no moral

hazard issue, the optimal contract would indicate W2 = W1(zm), a particular case of Proposition

1 with µ = 0. With moral hazard, the optimal contract implies three possible values for t =

2, namely W2(zj), j = h, m, l. Depending on the outcome, the executive may gradually gain

higher values, as shown in figure 5 from t = 1 through t = 4, or a lower value if the outcome

turns out to be low, as shown at t = 5. At t = 7, there is a poaching offer which increases

the continuation value by Bertrand competition between the current and the poaching firms.

Depending on whether s′ is larger than s or not, there can be a job transition (s′ > s) or an

internal promotion (s′ ≤ s).

Importantly, the poaching offer itself is also a menu of continuation values from an ex-ante

perspective: {W(zh, s̃), W(zm, s̃), W(zl , s̃)}, s̃ = max{s, s′}, which features that the offer is more

generous if the manager has higher productivity z′. Therefore, despite that compensation is

backloaded, incentives from the backloaded compensation remain to exist. Executives anticipate

the incentives from poaching offers — taking effort today is not only for higher pay in the cur-

rent employer but also for higher bids should a poaching firm arrive. In the next section, I use

poaching offer incentives to explain the firm-size incentive premium.
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4 Application I: Why do larger firms pay more incentives to ex-

ecutives?

In this section, I present and use the model to account for a novel empirical fact, the firm-size

incentive premium. I first document the premium and show that it is closely related to how active

the managerial labor market is. Then I provide a sufficient condition under which the model

gives the exact prediction. Finally, I structurally estimate the model and evaluate if the model

can capture the premium quantitatively.

4.1 Firm-size incentive premium

The firm-size incentive premium refers to that, executives of larger firms receive proportionally

higher contractual incentives in total compensation. Here the contractual incentives refer to those

brought by holdings of firm stocks and options, which is in contrast to the poaching offer incen-

tives due to labor market, although strictly speaking, both are part of my “theoretical contract”.

The premium, therefore, reveals the firm-size impact on the structure of the contract.

A simple way to proceed is to correlate firm size with the proportion of incentive-related pay

(e.g., newly granted shares) in total compensation, which is one way adopted below. However,

the vast majority of executive incentives come from the previously granted stocks and options,

therefore, I follow the literature and use incentives in executives’ firm-related wealth.

The primary measurement of contractual incentives that I use is the wealth-performance sen-

sitivity (denoted by inc), which is defined as the dollar change in the executive’s firm-related

wealth for 100 percentage increase in firm value. In other words, inc is the dollar value of the

executive’s share in the sense that options are converted into stock equivalents according to their

delta.9 For other variables, as in Section 2, firm size is measured by market capitalization, and

total compensation is measured by tdc1.

One (informal but intuitive) way to think of the previously granted equities is as follows. The

expected value of these equities has been included in the utilities of previous periods. Thus, in

9inc is provided by Coles et al. (2006) who computed based on the method of Core and Guay (2002).

23



the current period, we may normalize the expected utility of those previous grants to zero. Still,

these holdings generate fluctuations in executives’ realized income. Therefore, inc/tdc1 is the

“effective” proportion of incentive pay in the total compensation. In the following, I regress inc

on firm size with tdc1 controlled. This way, I allow for a more general regression model.

In Table 3, column (2) shows that inc is positively correlated to firm size — if firm size dou-

bles, inc increases by 27%. To put this number into context, take the median 4.05 million dollars

of inc in the year 2012. If the firm size doubles, then inc would increase to 5.14 million dollars.

This change is substantial given a median annual total pay of 1.32 million dollars.

The size incentive premium also shows up if contractual incentives are calculated in other

ways. In column (4), I measure contractual incentives by scaled wealth-performance sensitivity

proposed by Edmans et al. (2009). It equals inc divided by tdc1, and I denote it by incs. Similar as

inc, when using incs, total compensation is controlled to reflect the impact on the “proportion” of

incentives in the contract. In column (5), I use the fraction of incentive pay in tdc1 (only incentives

in the flow pay) and I denote it by inc f . Incentive pay includes bonuses, restricted stock grants,

option grants, and other long-term incentive payouts. Either way, the analysis identifies a firm-

size incentive premium. For example, column (5) says that if the firm size doubles, the percentage

of incentive pay in total compensation increases by 4.76 percentage points (the median fraction

is 65%).

To connect to the literature, I also present in columns (1) and (3) the estimates when tdc1 is

not controlled. In these regressions, the coefficients of firm size reflect the impact on the absolute

amount of incentives. Interestingly, depending on the way of measuring incentives, the coeffi-

cients of firm size differ a lot. Consistent to Edmans et al. (2009), the scaled wealth-performance

sensitivity has a lower correlation with firm size than the unscaled inc. However, after controlling

for tdc1, both size coefficients become moderate.10

Firm-size premium and executive labor market The following evidence highlights the link be-

tween firm-size premium and the managerial labor market using the variation across industries.

10Edmans et al. (2009) showed that incs is not correlated with firm size. They use a sample of CEOs from the top 200
or 500 firms, which is guided by their theory, whereas my sample contains all named officers of S&P firms.
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An industry is an appropriate sub-labor market since more than 60% job-to-job transitions are

within industry (see section 2). I use three proxies to measure the activeness of a sub-managerial

labor market. The first proxy is the job-to-job transition rate for each industry year (Fama-French

48 industries and fiscal years). A job-to-job transition is defined if the executive starts to work in

another firm within six months. The second proxy gai is the mean of the general ability index of

CEOs at the industry-year level. The general ability index itself is the first principal component of

five proxies that measure the generality of the CEO’s human capital based on the CEO’s lifetime

work experience. The last proxy inside CEO is the percentage of insider CEOs in the industry in

which the firm operates. It counts for all new CEOs between 1993 and 2005 using Fama-French

48-industry groups.11 In Table 3 columns (6) to (8), I examine how the interaction terms are asso-

ciated with inc. The results are not ambiguous. All interaction terms are significant, and the signs

confirm that firm size premia are higher in industry-years where the executive labor market is

more active.

As a last piece of evidence, I show that the size incentive premium decreases as executives

approach retirement age. Starting from Gibbons and Murphy (1992), age has been used as an

indicator for career concerns. The older the executive is, the less influential the managerial labor

market is on the incentive contract design. If the size incentive premium is caused by the man-

agerial labor market, we expect the incentive premium to decrease with age. This is confirmed,

as shown in figure 6, that the size incentive premium starts at 0.652 at age 35 and gradually goes

down to around 0.35 after age 50. This pattern holds with or without controls.

4.2 Explaining firm size incentive premium

As demonstrated in Section 3, the possibility of receiving poaching offers generate incentives, re-

ferred to as the poaching offer incentives that substitute for the contractual incentives. If poach-

ing offer incentives decrease in firm size, then to offset this loss of poaching incentives, larger

11insider CEO is provided by Martijn Cremers and Grinstein (2013). gai is provided by Custódio et al. (2013). The five
proxies to measure general ability of CEO’s are: the number of positions that the CEO performed during his/her career,
the number of firms where a CEO worked, the number of industries at the four-digit SIC level where a CEO worked, a
dummy variable that equals one if a CEO held a CEO position at another firm, and a dummy variable that equals one if
a CEO worked for a multi-division firm.
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Figure 6: Size premium in performance-based incentives decreases in age

Note: The figure depicts the firm size incentive premium in inc at each age from 35 to 65. They are the estimated
coefficients of the interaction terms between age dummies and log(firm size) in the following regression

log(inc)it = Φ′age dummiesit × log(firm size)it + Ψ′Xit + ϵit,

where i denotes an executive, t denotes the fiscal year, age dummies is a set of dummies for each age from 35 to 65,
firm size is measured by the market capitalization, X denotes a vector of control variables and a constant term. We
control for total compensations log(tdc1), dummies for executive tenure, age, fiscal year times industries. A 95%
confidence interval is plotted using the standard error clustered on firm × fiscal year.

firms need to offer more contractual incentives using equity-based pay.

In the following, I assume that z′ and s′ follow continuous distributions on the support [z, z]

and [s, s], with cumulative density functions denoted by Γ(z, z′) for z′ if e = 1, Γs(z′) if e = 0,

and P̃(s′) for s′, respectively. Further denote the cumulative density function of the mixture dis-

tribution of firm size by: P(s′) = I(s = s(0))(1 − λ) + I(s ̸= s(0))(1 − λ + λP̃(s)). It is convenient

to think of these distributions as the limits of the discrete distributions in the benchmark when

nz, ns → ∞, with z, z, s, s fixed. I further define an incentive operator I which calculates the incen-

tives an executive receives from any scheme {W(z′)}z′∈Z, i.e., the difference in utilities between

taking effort and shirking:

I
(

W(z′)
)
≡

∫
z′

W(z′)Γ(z, dz′)−
∫

z′
W(z′)Γs(dz′).
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Using M1, M2 and I(·), the IC constraint can be rewritten as

λ
∫

s′∈M1

P(ds′)I
(

W(z′, s)
)

︸ ︷︷ ︸
poaching incentives I

+ λ
∫

s′∈M2

I
(

W(z′, s′)
)

P(ds′)︸ ︷︷ ︸
poaching incentives II

+
(

1 − λ
∫

s′∈M1∪M2

P(ds′)
)
I
(

W(z′)
)

︸ ︷︷ ︸
contractual incentives

≥ c/β, (IC′)

On the left-hand side, I decompose and label incentives by origins. Some incentives are brought

by poaching offers when s′ ∈ M1 or M2 (poaching incentives I and II). The rest are due to

performance-related pay when there is no (strong) poaching offer (contractual incentives).

Suppose that the size of the incumbent firm marginally increases from s to s̃ > s. The

only change to the left-hand side of (IC′) is that in the poaching incentives I, I
(

W(z′, s)
)

be-

comes I
(

W(z′, s̃)
)

. Since s̃ > s, s̃ has a higher bidding frontier W(z′, s̃) > W(z′, s). By dimin-

ishing marginal utility, it can be that the incentives from a higher bidding frontier are lower:

I
(

W(z′, s)
)
> I

(
W(z′, s̃)

)
. This holds if the utility function is sufficiently concave. Then, to sat-

isfy the IC constraint, firm s̃ needs to provide more incentives in the form of performance-based

pay than firm s provides. This explains the observed firm-size incentive premium. Proposition 2

gives a sufficient condition for how concave u is required, under the assumption that Π(V, z, s)

is smooth in z and s.

Proposition 2. Suppose z′ and s′ take on values in an interval, z′ ∈ Z = [z, z], s′ ∈ S = {s(0)} ∪

[s, s], and Π(V, z, s) is strictly increasing and continuously differentiable in z and s. Then poaching offer

incentives decrease in the current firm size s if u is sufficiently concave:

−u′′

u′ ≥ sup
z∈Z,s∈S

[
fzs + κ′(s)

fs( fz + κ(s))

]
. (4)

where κ(s) is a positive-valued bounded function that is increasing in s.

Proof. See Appendix A.

To understand the intuition, first notice that I
(

W(z′, s)
)

is simply a weighted sum of ∂W(z′ ,s)
∂z′

over the domain of z′ — the steeper W(z′, s) is with respect to z′, the higher the incentives are to

induce effort. So it would be sufficient to show ∂W(z′ ,s)
∂z′ decreases in s. It follows from implicit
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differentiation that

∂W(z, s)
∂z

= − ∂Π(z, s, W)/∂z
∂Π(z, s, W)/∂W

=
fz(s) + κ(s)

1/u′(w)
, (5)

where w is the flow compensation corresponds to W. The numerator shows that z contributes to

the flow profit of this period fz as well as to future profits captured by κ(s), where κ(s) adjusts

for the possibility that the executive may be separated from the firm. The denominator follows

directly from the optimal contract condition (1).

There are two opposing forces shaped by s. On the one hand, s contributes to production,

thus the numerator is increasing in s. On the other hand, a larger firm is able to bid higher,

then w increases in s, making u′(w) lower; thus, the denominator is also increasing in s.12 The

second force dominates when the utility function has enough concavity, as stated in proposition

2. In numerical exercises, I use a CRRA utility function u(w) = w1−σ

1−σ , σ > 0, and a multiplicative

production function f (z, s) = α0sα1 z, α0 ∈ (0, 1), α1 ∈ (0, 1].13 Given that the production function

has a strong firm-size effect, one may expect that u has to be very concave to generate firm-size

incentive premia. However, I find that in fact σ > 1 is sufficient to have poaching offer incentives

decrease in firm size.14

4.3 Structural estimation

I estimate the model parameters using Simulated Methods of Moments. The moments are partly

coefficients from auxiliary regressions, so the approach could alternatively be presented as Indi-

rect Inference. I first describe the numerical methods, the model specifications, and the moments

used for identification. Specifically, I do not explicitly target the firm-size incentive premium.

12Using that Π(W, z, s) = 0, we immediate have

w(s) = f (z, s) + β̃
∫

z′

∫
s′≤s

Π(W(z′, s′), z′, s)P(ds′)Γ(z, dz′),

which is strictly increasing in s.
13The multiplicative form is standard in this literature, see, e.g., Gabaix and Landier (2008). The production function

allows the executive’s effort “roll out” across the entire firm up to a scale of α0. y has constant return to scale if α1 = 1,
and decreasing return to scales if α1 < 1.

14This required concavity is not demanding. Indeed, it is consistent with σ values that are calibrated or estimated in
related literature. For example, the calibration study on CEO incentive pay by Hall and Murphy (2000) uses σ between
2 and 3; the series of calibration exercises on CEO incentive compensation convexity starting from Dittmann and Maug
(2007) are based on σ > 1; Balke and Lamadon (2022) estimate σ = 1.68 using the matched employer-employee data
from Sweden for the general labor market.
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Still the model quantitatively captures it well.

Numerical method To solve the contracting problem, one needs to find the optimal promised

values in each state of the world for the next period. This becomes infeasible as soon as rea-

sonable supports are considered for Z and S. Instead of solving for promised values directly, I

use the recursive Lagrangian techniques developed in Marcet and Marimon (2019) and extended

by Mele (2014). Under this framework, the optimal contract can be characterized by maximiz-

ing a weighted sum of the lifetime utilities of the firm and the executive, where in each period

the social planner optimally updates the Pareto weight of the executive to enforce an incentive

compatible allocation. This Pareto weight becomes a new state variable that “recursifies” the

dynamic agency problem. In particular, this endogenously evolving weight summarizes the con-

tract’s promises according to which the executive is rewarded or punished based on performance

and poaching offers. Ultimately, solving an optimal contract is to find the sequence of Pareto

weights that implements an incentive-compatible allocation. Once these weights are solved, the

corresponding utilities can be recovered. This technique improves the speed of computation and

makes the estimation feasible.

Model specification and parameters I estimated the model fully parametrically and made sev-

eral parametric assumptions. As mentioned earlier, I use the constant relative risk aversion utility

function u(w) = w1−σ

1−σ , and a production function f (z, s) = eα0 sα1 z, α0 < 0. I model the process of

productivity by an AR(1) process,

zt = ρ0(e) + ρzzt−1 + ϵt,

where ϵ follows a normal distribution N(0, σϵ), and the mean for effort level e = 0 is normalized

to zero. The process is transformed to a discrete Markov Chain using Tauchen (1986) on a grid of

6 points. The choice of grid points is for speed of estimation. The simulated moments are very

robust to this choice. Furthermore, I set the sampling distribution of firm size P̃(s) a truncated

log-normal distribution with an expectation of µs and standard deviation of σs.15 Finally, the

15The upper and lower bounds of the truncated normal distribution are calibrated to be the 0.99 and 0.01 quantile of
market capitalization in data.

30



discount rate β is set to be 0.9 for the model is solved annually. I set the number of grid points for

the Pareto weight to be 50 and for firm size s to be 20. Table 4 lists the complete set of parameters.

Table 4: Parameters

Parameters Description

η death probability
λ offer arrival probability
ρz AR(1) coefficient of productivity shocks
µz mean of productivity shocks for e = 1
σz standard deviation of productivity shocks
µs mean of P̃(s)
σs standard deviation of P̃(s)
c cost of effort
σ relative risk aversion
α0, α1 production function parameters

Moments and identifications I now make a heuristic identification argument that justifies the

choice of moments used in the estimation. Firstly, for the identification of the productivity pro-

cess, the exit rate, and the offer arrival rate, there are direct links between the model and the data.

The exit rate directly informs η. Likewise, the incidence of job-to-job transitions is monotonically

related to λ. The parameters of the productivity process, namely ρz, µz and σϵ, are informed

directly by the estimates of an AR(1) process on the profitability of each firm-executive match,

profitit = β0 + ρzprofitit−1 + ϵit,0,

where i represents the executive-firm match, and t represents the year.

Secondly, the two parameters governing the job offer distribution, µs and σs, are disciplined

by the mean and variance of log firm size. Given λ > 0, the higher µs is, the more likely that

executives can transit to larger firms, and the larger mean of log(size). Similarly, the higher σs

is, the more heterogeneous the poaching firms are, and both the mean and variance of log(size)

increase.

Thirdly, regarding the production function, α0 is mainly determined by the level of total com-

pensation, and α1 is determined by the relationship between firm size and total compensation.

Therefore, α0 and α1 are identified by the mean and variance of log(tdc1) and βtdc1−size in follow-
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ing regression of log(tdc1) on log(size):

log(tdc1it) = β1 + βtdc1−size log(sizeit) + ϵit,1.

The final part of the identification concerns the parameters σ and c. These parameters govern

the level of incentives and how the incentives change with the compensation level. To be consis-

tent with the variable inc in the data, I construct in the simulated data an inc variable defined by

the dollar change in pay for a percentage change in productivity. I use the mean and variance of

log(inc) to inform the effort cost c. To discipline σ, I run regression

log(incit) = β2 + βinc−tdc1 log(tdc1it) + ϵit,2,

and use βinc−tdc1 to inform σ. The higher σ is, the larger βinc−tdc1 is.

Table 5: Moments and Estimates

Moment Data Model Estimate Standard Error

Exit rate 0.0691 0.0691 η = 0.0695 0.0127

J-J transition rate 0.0498 0.0473 λ = 0.3164 0.0325

ρ̂pro f it 0.7683 0.6299 ρz = 0.8004 0.0366

Mean(pro f it) 0.1260 0.1144 µz = 0.0279 0.0014

Var(pro f it) 0.0144 0.0160 σ2
z = 0.1198 0.0044

Mean(log(size)) 7.4515 7.4806 µs = 1.2356 0.0365

Var(log(size)) 2.3060 2.1610 σs = 2.5795 0.1211

Mean(log(tdc1)) 7.2408 7.2665 α0 = −1.5534 0.0147

Var(log(tdc1)) 1.1846 0.8960 α1 = 0.5270 0.0217

βtdc1−size 0.3830 0.2822

βinc−tdc1 1.1063 1.1997 σ = 1.1038 0.0030

Mean(log(inc)) 8.4994 8.478 c = 0.0814 0.0259

Var(log(inc)) 3.4438 3.35872

Estimates Table 5 reports the targeted values of moments in the data and the corresponding

values in the estimated model. The last two columns list the parameter estimates and standard

errors. While I arranged moments and parameters along the identification argument made in the
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previous subsection, all parameters are estimated jointly. Overall, the model provides a decent

fit to the data.

Looking into the estimates, a job arrival rate λ = 31.64% is required to match the job-to-job

transition rate 4.98% in the data. The magnitude of λ indicates that, on average, the executive

will receive an outside offer every three years. Most job offers (about 84%) are from poaching

firms that are smaller than the current firm and are used to negotiate compensation with the

current firm. This is confirmed by a small mean of poaching firms. The magnitude of µs indicates

that most offers are provided by relatively small firms, though the magnitude of σs implies the

variation of poaching firms is high. Comparing the data and model-simulated mean and variance

of log(size), I confirm that using a log-normal distribution is sufficient to match the firm size

distribution in the data.

The process of productivity is matched reasonably well, given I use only 6 grid points. The

mean log(tdc1) is matched well, but the variance of log(tdc1) and βtdc1−size are not. In particular,

the variance of log(tdc1) is much lower in the model-generated data. This indicates that the

on-the-job search and sequential auction in the model may miss some heterogeneous features of

firms and executives. Finally, the optimal dynamic contracting employed by the model provides

good matches on the mean and variance of log(inc), and the slope of inc on total compensation

βinc−tdc1.

4.4 Predicting firm-size incentive premium

I intentionally leave the incentive premium untargeted in the estimation. Instead, I estimate it us-

ing the model-simulated data, and compare with the real-world data estimates to examine if the

model mechanism can match up with the data. Specifically, I estimate the following regression

in both real-world and model-simulated data:

log(incit) = β5 + βinc−size log(sizeit) + β6 log(tdc1it) + ϵit,3, (6)

and βinc−size captures the incentive premium.

Table 6 reports premia estimates. The first row are the incentive premia estimated in re-
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Table 6: Predictions on Size premia

Data Benchmark ignore poach inc more offers fewer offers

incentive premia (1) (2) (3) (4) (5)

w/ tdc1 0.3451 0.3122 -0.0444 0.4299 0.1964
w/o tdc1 0.5824 0.6507 0.4202 0.7093 0.4076

gression (6) with log(tdc1) controlled, and the second row are the premia without controlling

log(tdc1). Focus on the first two columns, column (1) are the real-world premia (replicates of

columns 1 and 2 of Table 3), and column (2) are the model-simulated premia. Comparing these

two columns, I find that, even not intentionally targeting these premia, the model captures them

well. This reassures that the model mechanism is important in explaining the firm-size premium.

To clarify the role of poaching offers, I simulate a counterfactual scenario where firms me-

chanically ignore poaching offer incentives when designing incentive contracts. Indeed, column

(3) shows that in this case, the incentive premium with tdc1 controlled becomes zero. In contrast,

the premium with tdc1 not controlled becomes smaller: 0.4202, which entirely reflects that the

compensation levels are higher in larger firms, the channel discussed by Edmans et al. (2009).

To further evaluate the contribution of poaching offer incentives, in Figure 7 I compare the

model generated inc between the benchmark (column 2) where poaching offer incentives are

present, and the model variant (column 3) where poaching offer incentives are ignored. The

higher inc in the variant reflects the contribution of poaching offers. I divide firms into ten groups

based on firm size (group 0 contains the smallest firms). The upper panel of Figure 7 shows the

box plot of log(inc) across size. There are two observations. First, each firm-size group has a wide

dispersion of log(inc), which reflects the large variation in total compensation across executives

in the same firm-size group. Second, the contribution of poaching incentives varies across firms.

In particular, smaller firms need to provide a higher log(inc) when poaching offer incentives

are ignored (the orange box) compared to the benchmark (the green box). In the lower panel of

Figure 7, I calculate the contribution (fraction) of poaching offer incentives for each size group.

The proportion of poaching offer incentives is surprisingly high for the smallest firm group: inc

would need to be 80% higher when poaching incentives are absent. The fraction quickly goes
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Figure 7: Distribution of log(inc) and the fraction of poaching offer incentives

Note: The upper panel plots the distribution of log(inc) for ten firm-size groups. The green boxes are for the benchmark
model where poaching offer incentives are considered when designing a contract. The orange boxes are for a variant
where poaching offer incentives are mechanically ignored. The increase in median in each group shows that, without
poaching offer incentives, firms need to give higher inc. The lower panel calculates the fraction of poaching offer
incentives by incv−incb

incb , where incb and incv are the wealth-performance sensitivity in the benchmark and in the variant
with poaching offer incentives ignore, respectively.
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down to around 15% in medium-sized firms and almost vanishes for top-sized firms.

Finally, I simulate a version with a high job arrival probability λ = 0.6 and a low job arrival

probability λ = 0.1 in columns (4) and (5), respectively. It shows that when there are more (fewer)

job offers, the premium is higher (lower). These exercises inspire the second application of the

model, where I use λ as a valve to adjust for the strength of managerial labor market forces.

While it is easy to see that poaching offer incentives are monotonically increasing in λ, it is not

clear how other moments of the data would change.

5 Application II: The long-run trend of executive compensation

As a second application of the model, I use a counterfactual exercise to quantitatively capture

various distributional changes of executive compensation since the 1970s. Frydman and Saks

(2010) document that the level and inequality of executive pay were relatively low from the late

1930s to the mid-1970s and had soared since then. Similarly, the correlation between firm size

and total compensation is weaker before the 1970s. In table 7, I select two representative periods,

1970 - 1979 and 1990 - 1999, and use the data moments from Frydman and Saks (2010). The mean

of total compensation rises from 1090 thousand dollars before 1979 to 4350 thousand dollars after

1990, and the mean of performance-based incentives increases by almost six folds from the 1970s

to the 1990s. The interquartile range of third and first quartiles increases from 670 thousand

dollars to 3080 thousand dollars. While firm size is closely related to executive pay after 1992, it

was weaker in the previous decade. The coefficient mildly increases from 0.199 to 0.264 from the

1970s to 1990s.

All these changes can be accounted for by my model with an exogenous increase in job arrival

rate λ, preserving all other parameters. Though this paper does not provide an endogenous

mechanism for an increase in λ, there has been abundant evidence showing that the executive

market had been more active since the mid-1970s. Murphy and Zabojnik (2007) document that

an increasing number of CEO openings has been filled through external hires. Huson et al. (2001)

16Replicate from Table 3, 4 and 6 of Frydman and Saks (2010), in dollar value of year 2000.
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Table 7: The long-run trend in executive compensation

Moments Data16 Model

1970 - 1979 1990 - 1999 λ = 0.05 λ = 0.4

Mean tdc1 (thousand) 1090 4350 985 4296
Mean size (million) - - 2426 5710
Mean inc (million) 2.174 12.034 2.497 12.531
βtdc1−size 0.199 0.264 0.175 0.240

Percentiles of tdc1 (thousand)

25th percentile 640 1350 109 1217
50th percentile 930 2360 478 2957
75th percentile 1310 4430 1596 5860

document that the fraction of outsider CEOs increases from 15.3% in the 1970s to 30.0% at the be-

ginning of the 1990s. One explanation for the trend is that executive jobs have increasingly placed

greater emphasis on general managerial skills (Murphy and Zabojnik 2004, Frydman 2005). This

is also the view taken by this paper. The executive’s productivity in the model is general and can

be transferred between firms.

I calibrate λ to be 5% for the period 1970-1979 and 40% for 1990 - 1999. These values are

chosen to match the data moments under the constraint that all other parameters are equal to

the estimated values in Section 4. Since most firms in the sample of Frydman and Saks (2010)

are within the rank 500, I only keep the largest 500 firms in the simulated data. The moments

calculated by simulated datasets are reported in the last two columns of table 7.

Capturing all the moments of table 7 by only increasing λ is a tough test of the model. In-

creasing λ essentially amplifies the poaching offer mechanism. We, therefore, require the model

is not only “correct” in out-of-sample moment predictions but also “correct” in predicting dis-

tributional changes. The results, however, are surprisingly well. As λ increases, executives are

more likely to use poaching offers to renegotiate contracts, which leads to higher total compen-

sation tdc1 and higher incentives inc. As firms bid for executives, the correlation between pay

and firm size increases. Next, since the labor market is frictional, the inequality is amplified

with more poaching offers: lucky executives receive many poaching offers, while unlucky ones

get few job-hopping opportunities. The simulated moments are mostly close to the data coun-
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terparts, with some exceptions. In particular, the model generates much lower tdc1 in the first

two percentiles when λ = 0.05. This may reflect that the poaching offer distributions of the two

periods are different.

This exercise also has other predictions. First, a more active labor market is related to larger

average firm size. The mean of firm size doubles as λ increases. This pattern is generally con-

sistent with the considerable increase in market capitalization (measured by the S&P 500 index).

Second, the model predicts that firm-size incentive premium increases (not shown in table), a

similar pattern as in the last two columns of table 6. This implies that, over time, firm size plays

a more prominent role in shaping contract structure.

6 Conclusions

This paper studies the impact of labor market competition on managerial incentive contracts. I

develop a dynamic contracting model where executives use poaching offers to renegotiate with

their current employer. The model demonstrates that poaching offers have both a level and

an incentive effect on executive compensation. In particular, the model generates a bumpy job

ladder, which is supported by empirical findings from a newly assembled job-to-job transition

dataset. The model explains the firm-size incentive premium, and the model-simulated premia

match up well with the data counterparts. Finally, with an exogenous increase in poaching offer

arrival rate, the model can quantitatively account for the increases in total and incentive pay, and

the rising inequality across executives since the 1970s.
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Appendix A. Proofs

Proof for proposition 1

Proof. Recall that Π(W, z, s) is the expected discounted stream of profits from a match between

a firm of size s and an executive of productivity z subject to a utility promise W, W(z, s) is the

firm’s willingness to pay for the executive, and for the virtue firm s(0), W(z, s(0)) = U. Further

denote W(s) = sup{W(z, s), z ∈ Z}. Then X = [U, sups∈S̃ W(s)] is set of possible values for

the promised utility. In this proof, the functional dependence of Π on s is suppressed to save

notations: Π(W, z).

Rewrite the problem. The firm chooses a contingent plan of promised continuation utilities for

each possible realization z′ ∈ Z, s′ ∈ S, denoted by Y ≡ {W(z′, s′)}z′∈Z,s′∈S. Y is the control

variable. With the assumption of monotone likelihood ratio, I first guess that W(z′, s′) is nonde-

creasing in z′ and verify the guess after differentiability is established. Let Y ≡ Xnz×ns be the

set of continuation values available. Depending on the realized z′ and s′, the update to the next

period state is given by ϕ : Y × Z × S → X: ϕ(Y, z′, s′) = W(z′, s′). ϕ selects among the menu

{W(z′, s′)} the realized promised value W(z′, s′). Since the promise keeping constraint is always

binding (note that u(·) is strictly increasing), I write w as a function of Y:

w = u−1
(

V + c − β̃ ∑
z′

∑
s′

W(z′, s′)p(ds′)γ(z′|z)
)

, (7)

and u−1(·) is a convex function. Then the flow profit is given by π : X × Y × Z → R defined by

π(V, Y, z) = f (z, s)− u−1
(

V + c − β̃ ∑
z′

∑
s′

W(z′, s′)p(s′)γ(z′|z)
)

.

It follows that π(V, Y, z) is continuous in the first two arguments, and since both X and Y are

compact-valued, it is also bounded. Moreover, because u(·) is strictly increasing and Γ is mono-

tone, π(V, ·, z) is strictly decreasing in V and strictly increasing in z. Finally, because −u−1(·) is

strictly concave, π(V, Y, ·) is strictly concave in V and Y.

Given the beginning-of-period executive productivity z, and a promised lifetime utility V ∈

[U, W(s)], the expected discounted sum of profits can be expressed recursively as

Π(V, z) = max
Y∈Φ(z)

π(V, Y, z) + β̃ ∑
z′

∑
s′≤s

Π
[
ϕ
(

Y, z′, s′
)

, z′
]

p(s′)γ(z′|z). (8)

where the firm chooses a contingent plan of promised values Y = {W(z′, s′)} from

Ω(z) =

{
Y ∈ Y

∣∣∣∣∣∑z′ ∑
s′

W(z′, s′)(1 − g(z′|z))p(s′)γ(z′|z) ≥ c,

W(z′, s′) ∈
[

min
{

W(z′, s′), W(z′, s)
}

, W(z′, s)
]}

.
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To ensure that Ω(z) is non-empty, I impose that c satisfy

c ≤ (1 − λ) sup
{W(z′)}z′∈Z

∑
z′

W(z′)
(

γ(z′|z)− γs(z′)
)

,

where in the sup, I require that for all z′, W(z′) ∈ [U, W(z′, s)]. The right-hand side is the in-

centive that all firm is able to provide. Note that the lower U is, the higher the right-hand is.

Therefore, by lowering U, this condition imposes a very weak restriction on c.

Ω(z) has the following properties. First, Ω(z) does not depend on V. Second, Ω(z) is con-

vex because given {W0(z′, s′)}, {W1(z′, s′)} ∈ Ω(z), the linear combination {Wθ(z′, s′)} where

Wθ(z′, s′) = θW0(z′, s′) + (1 − θ)W1(z′, s′), θ ∈ (0, 1) satisfies the constraints of Ω(z). Finally,

Ω(z) is increasing in the sense that z1 ≤ z2 implies Ω(z1) ⊂ Ω(z2). To see this, note that the

left-hand side of the incentive compatibility constraint increases in z

∑
s′

∑
z′

W(z′, s′)
(

γ(z′|z2)− γs(z′)
)

p(s′) ≥ ∑
s′

∑
z′

W(z′, s′)
(

γ(z′|z1)− γs(z′)
)

p(s′)

due to that γ is monotone.

Existence. Let O = X × Z be the product space. Denote C(O) be the space of bounded contin-

uous functions h : O → R, with the sup norm: ||h|| = supo∈O |h(o)|. Since here Z is a finite set,

the continuity refers to that for each z ∈ Z, the z-section of the function is continuous. Consider

the right-hand side of (8) as a functional mapping T. Fix h ∈ C(O), since ϕ is continuous in Y,

β̃ ∑z′ ∑s′≤s h
[
ϕ
(

Y, z′, s′
)

, z′
]

p(s′)γ(z′|z) is continuous in Y. The problem is to maximize a con-

tinuous function over the compact set Ω(z). Hence, the maximum is attained and Th is bounded.

By Berge’s Maximum Theorem, Th is continuous. That is, T : C(O) → C(O). It is easy to check

that T satisfies the hypotheses of Blackwell’s sufficient conditions for a contraction. Thus, T has

a unique fixed point Π ∈ C(O).

Monotonicity. To show that Π is strictly decreasing in V, let’s fix z and pick a function h(V, z)

that belongs to the set of bounded continuous functions that are nonincreasing in V. Take V1, V2 ∈

X with V1 < V2, and let Yi ∈ Ω(z) be the optimal control that attains Th(Vi, z) for i = 1, 2. Then

(Th)(V1, z) = π(V1, Y1, z) + β̃ ∑
z′

∑
s′≤s

h
[
ϕ
(

Y1, z′, s′
)

, z′
]

p(s′)γ(z′|z)

≥ π(V1, Y2, z) + β̃ ∑
z′

∑
s′≤s

h
[
ϕ
(

Y2, z′, s′
)

, z′
]

p(s′)γ(z′|z)

≥ π(V2, Y2, z) + β̃ ∑
z′

∑
s′≤s

h
[
ϕ
(

Y2, z′, s′
)

, z′
]

p(s′)γ(z′|z)

≥ (Th)(V2, z)
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where the second line uses that Y2, Y1 ∈ Ω(z), and Y1 attains Th(V1, z), and the third line uses

that π(V, ·, ·) is strictly decreasing in V. Therefore, the unique fixed point of Π(V, z) is strictly

decreasing in V.

Next, I show that Π is strictly increasing in z. Fix V ∈ X; suppose that h(V, z) is non-

decreasing in z; and choose z1 < z2. Let Yi ∈ Ω(z) attain Th(V, zi) for i = 1, 2. Then

(Th)(V, z1) = π(V, Y1, z1) + β̃ ∑
z′

∑
s′≤s

h
[
ϕ
(

Y1, z′, s′
)

, z′
]

p(s′)γ(z′|z1)

≤ π(V, Y1, z2) + β̃ ∑
z′

∑
s′≤s

h
[
ϕ
(

Y1, z′, s′
)

, z′
]

p(s′)γ(z′|z2)

≤ (Th)(V, z2),

where second line uses that π(V, Y, z) is strictly increasing in z. Hence, the fixed point Π(V, z) is

strictly increase in z. It follows similarly that Π(V, z, s) is strictly increasing in s (to reflect that s is

back into the argument list). These monotonicity properties, together with that Π is continuous,

imply that W(z, s) is well defined.

Concavity. To show that Π is strictly concave in V, let’s fix z and let h(V, z) belongs to the set

of bounded continuous functions that are weakly concave in V. Then I show that Th(V, z) is

strictly concave in V. Take V1 ̸= V2 ∈ X and Vθ = θV1 + (1 − θ)V2, θ ∈ (0, 1). Let Yi attain

(Th)(Vi, z), i = 1, 2. Since Ω(z) does not depend on V, Yθ = θY1 + (1 − θ)Y2 ∈ Ω(z).

(Th)(Vθ , z) = π(Vθ , Yθ , z) + β̃ ∑
z′

∑
s′≤s

h
[
ϕ
(

Yθ , z′, s′
)

, z′
]

p(s′)γ(z′|z)

> θ
[
π(V1, Y1, z) + β̃ ∑

z′
∑

s′≤s
h
[
ϕ
(

Y1, z′, s′
)

, z′
]

p(s′)γ(z′|z)
]

+ (1 − θ)
[
π(V2, Y2, z) + β̃ ∑

z′
∑

s′≤s
h
[
ϕ
(

Y2, z′, s′
)

, z′
]

p(s′)γ(z′|z)
]

= θ(Th)(V1, z) + (1 − θ)(Th)(V2, z)

The second line uses that π(V, Y, z) is strictly concave in V and Y jointly, and ϕ is concave in Y.

Therefore, the fixed point Π(V, z) is strictly concave in V.

Differentiability. The concavity also indicates that Π(V, z) is differentiable in V almost every-

where. Now I show that Π(V, z) is differentiable in V everywhere. Suppose for a fixed (z), Π(·, z)

is not differentiable at Ṽ and denote the firm’s optimal choice at that point by {W̃(z′, s′)} and a

corresponding flow pay w̃. In the rest of the paragraph, I suppress the functional dependence

of Π on z. Now consider a strategy of the firm that delivers any V around Ṽ by changing the

flow pay to w∗(V) ≡ u−1(V − Ṽ + u(w̃)) while keeping {W̃(z′, s′)}. By construction, this action

satisfies all constraints and I denote the firm’s value function when taking this action as Π̃(V).

It then follows that Π̃(V) ≤ Π(V) and Π̃(Ṽ) = Π(Ṽ). Moreover, V enters Π̃(V) only through
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−w∗(V) = −u−1(V − Ṽ + u(w̃)). Since −u−1(·) is concave and twice differentiable, Π̃(V) is

also concave and differentiable in any point V around Ṽ and including Ṽ. To sum up, Π̃(V) is

a function that is concave, twice differentiable, and lower than Π(V) and equals to Π(V) at Ṽ.

By Benveniste and Scheinkman (1982), we have Π(V) is differentiable at Ṽ. Therefore, Π(V) is

differentiable in V everywhere.

First-order conditions. To characterize the optimal contract I assign Lagrangian multipliers λ

to (PKC), µ to (IC), β̃µ0(z′, s′) to (PC-E) and β̃µ1(z′, s′) to (PC-F). The first order condition w.r.t

w gives u′(w) = 1/λ, and the envelop theorem gives − ∂Π(z,s,V)
∂V = λ. They together give (1).

Participation constraints (PC-E) and (PC-F) can be simplified. If W(z′, s′) ≥ W(z′, s), we have

W(z′, s′) = W(z′, s). This is the first case in line 1 of (3). If W(z′, s′) ≥ W(z′, s), participation

constraints become W(z′, s′) ≤ W(z′, s′) ≤ W(z′, s). Use this to derive the first order condition

w.r.t W(z′, s′):

−∂Π(z′, s, W(z′, s′))
∂W(z′, s′)

= λ + µ(1 − g(z′|z)) + µ0(z′, s′)− µ1(z′, s′).

If µ0(z′, s′) = µ1(z′, s′) = 0, W(z′, s′) = W(z′) defined by (2). This is the case in line 3 of (3).

If µ0(z′, s′) > µ1(z′, s′) = 0, W(z′, s′) = W(z′, s′). This is the case in line 2 of (3). Finally, if

µ1(z′, s′) > µ0(z′, s′) = 0, Wi(z′, s′) = W(z′, s). This is the second condition in line 1 of (3).

Verify that W(z′, s′) is non-decreasing in z′. Since W(z′, s′) is non-decreasing in z, W(z′, s′) is

certainly non-decreasing in z′ whenever W(z′, s′) = W(z′, s′); that is, a participation constraint is

binding. Next, consider that non-binding W(z′, s′). Fix s′, z, and suppose z′2 > z′1, by first order

conditions, we have

−∂Π(W(z′2, s′), z′2)
∂W

= λ + µ(1 − g(z′2|z)) > λ + µ(1 − g(z′1|z)) = −
∂Π(W(z′1, s′), z′1)

∂W
, (9)

where I have used g(z′2|z) < g(z′1|z). Since (PKC) is less binding as z becomes higher, − ∂Π(W,z)
∂W =

λ decreases in z, which implies that − ∂Π(W(z′1,s′),z′1)
∂W > − ∂Π(W(z′1,s′),z′2)

∂W . Together we have

−∂Π(W(z′2, s′), z′2)
∂W

> −
∂Π(W(z′1, s′), z′2)

∂W
.

By concavity of Π, W(z′2, s′) > W(z′1, s′).

Proof for proposition 2

Proof. Take a general incentive scheme W(z) defined on Z, the incentive I
(

W(z)
)

can be written

as a weighted sum of ∂W(z)
∂z :

I(W(z)) ≡
∫ z

z
W(z)(1 − g(z))Γ(dz) =

∫ z

z
ω(z)

∂W(z)
∂z

dz, (10)
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where ω(z) = −
∫ z

z (1− g(t))Γ(t)dt. (10) can be easily verified using integration by parts together

with
∫ z

z (1− g(z))Γ(z)dz = 0. Thus, it is sufficient to show that ∂W(z,s)
∂z decreases in s for all z ∈ Z.

Applying implicit theorem on Π(W, z, s) = 0:

∂W(z, s)
∂z

= −∂Π(W, z, s)
∂z

/
1

u′(w(z, s))
. (11)

where w(z, s) is the compensation corresponding to W(z, s). Use ψn(s) and ψd(s) to denote the

numerator and denominator of (11), respectively, then ∂W(z,s)
∂z decreases in s if and only if

ψ′
n(s)

ψn(s)
<

ψ′
d(s)

ψd(s)
. (12)

I now derive ψn and ψd. Given that Π(W(z, s), z, s) = 0, I express w as a function of s and z:

w(s, z) = f (z, s) + β̃
∫

z′

∫
s′≤s

Π(W(z′, s′), z′, s)P̃(ds′)Γ(z, dz′).

Take derivative with respect to s; use that if the poaching firm s′ = s, then W(z′, s′) = W(z′, s),

and Π(W(z′, s), z′, s) = 0, I have ∂w(z,s)
∂s = fs(z, s). Then

ψ′
d(s)

ψd(s)
= −u′′(w)

u′(w)
fs(z, s).

Turn to ψn. Recall the Lagrangian

L = f (z, s)− w + β̃
∫

s′≤s

∫
z′

Π(W(z′, s′), z′, s)P̃(ds′)Γ(z, z′),

+ λ
(

w + β̃
∫

s′

∫
z′

W(z′, s′)P̃(ds′)Γ(z, dz′)− V
)

+ µ
(

β̃
∫

s′

∫
z′

W(z′, s′)
(

Γ(z, dz′)− Γ0(dz′)
)

P̃(ds′)− c
)

,

where I have inserted the optimal contingent plan so that the participation constraints are dropped.

Using the envelop theorem yields ψn(s) = ∂L
∂z = fz + κ(s), where

κ(s) = fz + β̃
∫

s′≤s

∫
z′

Π(W(z′, s′), z′, s)P̃(ds′)Γz(z, dz′)

+ (λ + µ)
(

β̃
∫

s′

∫
z′

W(z′, s′)Γz(z, dz′)P̃(ds′),

is positive and bounded. It follows that ψ′
n(s) = fzs + κ′(s), where

κ′(s) = (λ + µ)β̃
∫

s′≥s
P̃(ds′)

∫
z′

∂W(z′, s)
∂s

Γz(z, dz′)

is also positive and bounded. Therefore, a sufficient condition for (12) is

−u′′(w)

u′(w)
> sup

s∈S,z∈Z

[
fzs + κ′(s)

fs( fz + κ(s))

]
.
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Appendix B. Data summary statistics

Here I describe the variables that are used in my analysis. Table 8 reports summary statistics

for my sample. Note that all nominal quantities are converted into constant 2004 dollars. Using

information from Execucomp, I identify the gender, age of an executive in each year, the tenure

in the current executive episode, whether he or she is a CEO, CFO, or director of the board or

involved in a interlock relationship during the fiscal year. 93% of the executives are male, and

the average age is 51. The average length of episodes is 4.71 year. Among all executive-year

observations, 18.4% are CEO spells, 9.6% are CFO spells.

In terms of the compensation information, tdc1 is the total compensation, including salary,

bonus, values of stock and option granted, etc. The total compensation has an average of 2, 555

thousand dollars, with the 25th percentile of 632 thousand dollars and the 75th percentile of

2, 690 thousand dollars. In terms of means, only 16.5% of the total compensation is fixed base

salary and the rest are all incentive related. Performance-based incentives not only come from

the total compensation each year, but also come from the stocks and options that are granted

in previous years. Variable inc measures how strong performance-based incentives are in firm-

related wealth. It is defined by the dollar change in wealth associated with a 100 percentage

points change in the firm’s stock price.

For the firm side information, I use market capitalization mkcap, the market value of a com-

pany’s outstanding shares, to measure the firm size. In some robustness checks (not shown in the

main text), I also use the book value of assets at, and sales to measure firm size. They are in mil-

lion dollars. I use operating profitability, denoted by profitability, to measure firm performance.

Two alternative measures for firm performance are stock market annualized return, denoted by

annual return, and market-to-book ratio, denoted by mbr.

Execucomp has little information of executives’ employment history. The job turnover infor-

mation comes from BoardEX database. BoardEX contains details of each executive’s employment

history, including start and end dates, firm names and positions. It also has extra information on

education background, social networks, etc. I merge the two databases using three sources of

information: the executive’s first, middle and last names, the date of birth, and working expe-

riences. If all three aspects are consistent, the executive is identified. By this way, I am able to

identify more than 91% of executives in Execucomp, 32, 864 executives in total.
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Table 8: Summary statistics

Variable N mean sd p25 p50 p75

age (years) 218168 51.04 6.96 46 51 56
male 218168 0.936 0.244 1 1 1
CEO 218168 0.184 0.387 0 0 0
CFO 218168 0.096 0.295 0 0 0
director 218168 0.339 0.473 0 0 1
interlock 218168 0.013 0.112 0 0 0
tenure (years) 218168 4.71 3.793 2 4 6
tdc1 (thousand dollars) 167,360 2562.245 5726.48 662.892 1292.752 2692.256
inc (million dollars) 146790 33.788 520.537 1.689 5.082 15.667
mkcap (million dollars) 212271 7293.608 23539.41 546.214 1479.479 4714.474
at (million dollars) 216384 14877.73 89106.44 548.0703 1771.067 6385.512
sales (million dollars) 216276 5283.954 16216.22 432.312 1215.325 3852.92
profitability (percentage) 209639 0.119 0.359 0.069 0.121 0.176
annual return (percentage) 211067 0.181 0.802 -0.127 0.106 0.356
mbr 183565 1.669 2.21 0.811 1.198 1.913

Note: The table reports summary sample statistics for the Execucomp/Compustat dataset, which covers named
executive officers reported in Execucomp from 1992 to 2016. All dollar values are stated in 2004 dollars. age is
the executive’s age by the end of the fiscal year. The sample episodes with ages lower than 35 or above 70 are
dropped. Dummy variables CEO, CFO, director and interlock indicate whether the executive serves as a director,
CEO, CFO and is involved in the interlock relationship during the fiscal year, respectively. tenure (in years) counts
the number of fiscal years that the executive works as a named officer. tdc1 is the total compensation comprised of
the following: Salary, Bonus, Other Annual, Total Value of Restricted Stock Granted, Total Value of Stock Options
Granted (using BlackScholes), Long-Term Incentive Payouts, and All Other Total. inc is the million dollar change in
wealth associated with 100 percentage points change in stock price. mkcap (in millions) is the market capitalization
of the company, calculated by csho (Common Shares Outstanding, in millions of shares) multiplied by prcc f (fiscal
year end price). prcc f and csho are reported in Compustat Fundamentals Annual file. at (in millions) is the Total
Book Assets as reported by the company. sales (in millions) is the Net Annual Sales as reported by the company.
profitability is the operating profitability, calculated by EBITDA/Assets. annual return is the annualized stock return
which is compounded based on CRSP MSF (Monthly) returns. MSF returns have been adjusted for splits etc. mbr
is the Market-to-Book Ratio calculated by the Market Value of Assets divided by Total Book Assets. The market
Value of Assets is calculated according to Value of Assets (MVA) = prcc f ∗ cshpri + dlc + dltt + pstkl − txditc.
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