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Abstract

We study the retention effect of broad-based employee stock options to rationalize their pop-

ularity despite the high granting costs. Leveraging the semi-random timing of option vesting

dates, we estimate a bunchingmodel on a novel employee-level panel dataset and find the quit-

ting rate of option ownersmore than doubles shortly after the vesting dates. The retention effect

is robust and unique to voluntary quitters, and accounts for a large share of the total benefit of

options, which outweighs the granting cost by 8% even with the lower-bound estimates. Ac-

counting for the retention effects thus avoids underestimating the benefit of options, thereby

helping to explain many firms’ decisions to grant options.
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1 Introduction

Equity compensation is now offered by 35% of private companies and 43% of public companies

in the United States.1 Among these, an estimated 9 million (or 7% of total private sector employ-

ees) hold stock options.2 Such popularity is not unique to the US: over 800 of the 4,697 domestic

public companies in China offered equity incentive plans in 2021, among which options are also

commonly used.3 Although employee stock options are popular, there is a lack of consensus on

the rationale behind their popularity. Little is known about whether options trigger the firms’

intended response from employees, and, if so, whether the resulting benefits outweigh the high

granting costs.

An earlier theory proposes that options incentivize higher output by aligning the interests of

employees with those of the firm. But free-riding in multiple-agent settings greatly limits such

incentivizing effects, especially for broad-based stock options (BBSO). This is supported by both

theoretical and empirical studies (e.g., Lazear (2004); Oyer and Schaefer (2005)), although the em-

pirical evidence is mixed. Alternative theories have examined frictions in firm decisions or other

benefits of options, including firmmisperceptions (Hall andMurphy, 2003), firm peer effects (Ke-

dia and Mozumdar, 2002), taking advantage of stock market volatility (Zhang, 2006), options as a

screening device (Bergman and Jenter, 2007), cash conservation (Babenko et al., 2011), and reten-

tion effects (Core and Guay, 2001). Aldatmaz et al. (2018) find evidence supporting the presence

of retention effects from establishment-level data. But what remains unresolved is whether the

retention benefits of options are large enough to justify their costs.

In this paper, we answer two questions: (i) to what extent do BBSO have retention effects? and

(ii) are the benefits large enough to rationalize the granting decision in the first place? We do so

by first estimating the retention benefits of BBSO and then weighing them (together with other

benefits) against the granting costs. Equipped with a unique employee-level panel dataset from

a large, NASDAQ-listed firm, we can pinpoint the quitting decisions of individual BBSO owners.

Moreover, we can identify the causal effect of BBSO on retaining employees with a bunching de-
1Morgan Stanley (2022).
2National Center for Employee Ownership (2021).
3According to Feng and Zhu (2022) and National Bureau of Statistics of China (2022).
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sign that leverages discontinuities in the cost of quitting when options vest, the timing of which is

exogenous and semi-random.

Our findings provide affirmative answers to both questions. First, BBSO does reduce turnover.

The quitting rate of option owners increases by 0.2-0.7 percentage points immediately after options

vest. The excess quitting is large relative to the average monthly quitting rate of less than 0.31%

before vesting dates, and it is robust to tests of alternative explanations. Second, and more impor-

tantly, the retention effects are large enough so that the benefits outweigh the granting cost. The

lower-bound estimates of total benefits exceed the total costs by 8% for all but the highest-level em-

ployees. Accounting for the retention benefits would thus avoid underestimating the benefit-cost

ratio, thereby helping to reconcile the popularity of options and the high granting costs.

We contribute to the existing literature in two ways. First, we identify and quantify the causal

effect of BBSO ownership on retaining employees with a bunching design. The endogeneity prob-

lem often plagues empirical studies in the literature: option owners and non-owners are likely

to have unobserved differences that affect turnover and performance. Balsam et al. (2007) use

data from one large firm and find lower turnover rates when options cannot be exercised. Recent

work by Aldatmaz et al. (2018) examines whether turnover declines after large option grants using

establishment-level panel data. They leverage exogenous variations in the value of unvested op-

tions that result from changing stock prices andmarket returns. This identification strategy, though

well-suited for their research question, could not gauge the magnitude of the benefits, which is es-

sential in answering our question of whether BBSO is worth the cost. Our bunching design, on the

other hand, addresses the endogeneity problem and identifies the retention effects of options.4

Our second contribution is to provide new empirical evidence on the presence and magnitude

of the effects of BBSO in general. More importantly, our findings shed light on the response of

individual, non-executive employees. Using a novel dataset on all the employees within a firm,

we can closely examine the effect of BBSO on the quitting decisions of individual employees. The

4Cowgill andZitzewitz (2014) is another paper that examines the causal effects. Taking advantage ofGoogle’s unique
equity pricing policy, they identify the incentivizing effects of equity compensation from exogenous variations in stock
exposure. They find the incentives to be fairly weak. We take a different approach, using the discontinuous change in
the opportunity cost of quitting to deal with unobserved employee heterogeneity. We also focus on the retention effects
on employees who plan to quit instead of the effects on employees who choose to stay.
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exact characteristics of options received by an employee and the detailed quitting times allow us

to better gauge the retention benefits.

Most previous empirical studies either document firm-level effects or the response of execu-

tives. Oyer and Schaefer (2005) draw upon a combination of firm-level option grant data and

survey data on salary and option packages of middle-level executives. They reject the incentive

provision effect of options and find the sorting and retention theory more plausible. In a sub-

sequent study, Oyer and Schaefer (2006) use the same survey data to estimate the firm’s cost of

granting options. They find that accounting concerns are unlikely to be the driving force behind

option granting decisions, and that the empirical patterns are more consistent with the retention

story. Carter and Lynch (2004) study option repricing and find it to be negatively correlated with

overall employee turnover but not executive turnover. Dube and Freeman (2010) also use survey

data and find that equity compensation and shared decision-making arrangements are jointly as-

sociated with lower turnover. Kim and Ouimet (2014) use firm-level data to document improved

productivity as a result of granting employee options in smaller firms.

Existing evidence on the employee-level effects focuses on firm executives (e.g. Aggarwal and

Samwick (1999); Mehran and Tracy (2001); Barron and Waddell (2003)). For instance, Gopalan

et al. (2014) find that CEO turnover increases after a large stock or option grant vests. Ladika and

Sautner (2019) and Jochem et al. (2018) both leveraged a large, near-random regulatory shock and

show that CEO display short-termism behavior and are more likely to leave the firm after vesting

periods are removed.

To the best of our knowledge, the only other papers using detailed, non-executive employee-

level data to identify a causal relationship are Li and Zhang (2021) and Cowgill and Zitzewitz

(2014). The former apply a DID framework to a subset of data used in this paper and found an

absence of incentivization effects on the “rank-and-file” employees. The latter study the incentiviz-

ing effect of restricted stocks on Google employees. Balsam et al. (2007) and Vance (2013) also use

single-firm employee data, but focus on the association between options and employee turnover

instead.5

5Another (loosely) related paper using data on lower-level employees isHuddart andLang (1996), where the authors
examine the implications of option exercising on corporate debt and regulation.

3



Finally, it should also be noted that our findings shed useful light beyond the Chinese setting.

Our data comes from a fast-growing, NASDAQ-listed firm straddling the technology and service

industries, where the offering of BBSO is rather common. This firm resembles its U.S. peers in

its management, compensation structure, and human resources policies. Because it is listed on

NASDAQ, it also follows the same rules and regulations as U.S. listed companies. Its employees

are primarily high-skilled, financially savvy, and have higher turnover rates, as is typical of this

industry. Moreover, we identified a local treatment effect using the discontinuous drop in quitting

costs. To the extent that the decision-making process of individual owners in our data is similar to

that of owners in a more general setting of interest, the responses of the former are still informative

of those of the latter.

The rest of the paper is organized as follows. In Section 2, we introduce the empirical back-

ground and the data. We discuss the vesting schedules and evolving values of options, as well as

how they could affect turnover. We also highlight option owner heterogeneities, which guide the

design of our empirical analysis that follows. In Section 3, we describe the bunching framework

and the joint estimation of the counterfactual distribution and the affected range. At the end of

this section, we discuss the advantages of bunching and how it differs from the closely related re-

gression discontinuity design. We then present the baseline estimates of bunching in Section 4,

followed by various robustness and falsification tests that corroborate the key findings. We de-

sign a benefit-cost analysis for BBSO in Section 5 and estimate the benefit-cost ratio under various

scenarios. We conclude in Section 6.

2 Empirical Background and Data

2.1 Firm background and option grants

The firm and its employees. Our longitudinal administrative data comes from a leading online

travel agency inChina. The firmwas founded in the late 1990s, listed inNASDAQ in the early 2000s,

and has over 20,000 employees as of 2017. The firm categorizes its job positions, with the exception
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of top executives, vertically into 10 levels.6 Newly hired employees can start from any level upon

entry and then move up over time. Levels 1 to 4 are junior employees, senior employees, heads of

teams, and senior heads of teams, respectively. They receive options as an award for excellence in

performance. Levels 5-10 are managers, senior managers, and higher-level positions, all the way

up to the vice president.

BBSO granting at the firm. The firm granted BBSO at least twice a year since 2000 to a wide

range of employees. Table 1 summarizes option ownership rates across departments and job levels.

Option ownership rate is 31.13% even for level 2 employees, and is at least 63.34% for higher-level

employees.7 Neither the frequency nor the timing of option grants follow any pre-determined

schedule.8 This variation in timing is helpful to our identification strategy when estimating the

retention effects of BBSO.

[Table 1 ABOUT HERE]

Types of option plans and vesting schedules. There are two types of plans: Plan 1 options were

offered from 2000 to 2009, and Plan 2 has been offered from 2008 onward. The two types of option

plans differ, among other things, in the vesting schedule. Plan 1 options vest in three equal batches

every 12 months after an initial 12-month lock-in period. Suppose an employee receives options

on July 1, 2011, which is defined as the beginning of month 0. Then one-third of her total granted

options vest will vest on July 1 of 2012, 2013, and 2014, respectively. These three vesting dates mark

the beginning of months 12, 24, and 36. Plan 2 options also vest in three equal batches, but have

an initial lock-in period of 24 months. So the three vesting dates are at the beginnings of months

24, 36, and 48.

The owner has to give up any unvested options upon leaving the firm, but can keep and exercise

the vested optionswithin 90 days. After that, any vested options that remain unexercisedwill revert

6Examples of top executives not included in the 10 levels are the chief executive officer and the chief financial officer.
We exclude these executives from our sample because of privacy concerns and because their option plans and turnovers
differ substantially from other employees, who are our focus in studying broad-based employee stock options.

7The sales department stands out as an anomaly: it has no employees at level 5 or above and a large number of
entry-level employees, who are customer service representatives working at the call centers.

8We show the detailed timing and size of each option grant from 2000 to 2011 in Figure A1 in the appendix.
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to the firm. The value of foregone options becomes “money left on the table” and add to the cost

of quitting. Hence option owners who would quit in the absence of options may want to postpone

quitting until after the vesting dates, if they still want to quit at all.

[FIGURE 1 ABOUT HERE]

Figure 1 illustrates the vesting schedules. The horizontal axes in all three panels are months

after the grant date. The top panel plots the fraction of vested Plan 1 (solid) and Plan 2 (dashed)

options over time. The middle panel plots the expected value of vested options over time, as cal-

culated on the granting date. This is defined as the Black-Scholes value (BSV) of granted options

on Day 1 of Month 0, multiplied by the fraction that has vested. It captures the expected value of

options from the perspective of new option owners. The bottom panel plots the contemporaneous

BSV of vested options calculated at the beginning of each month after being granted.

All three panels show that vested options increase discontinuously on vesting dates, both in

terms of quantity and dollar values. On the other hand, the opportunity cost of quitting drops dis-

continuously on vesting dates. 9 This discontinuity will make up the cornerstone of our bunching

design.

2.2 Data and sample construction

The dataset we use comes from the Human Resources Department of the firm. It spans from

April 1999 to December 2017, covering all of the over 50,000 employees who had ever worked in the

firm by the end of 2012. The data contains detailed records on option ownership and transactions,

itemized wages, promotion records, and other employee characteristics. It is rare for studies in this

literature to observe who received how many options on what date, or whether/when they quit

or exercised options. Such a level of detail is especially valuable to us: it is essential for both the

causal identification of the retention effects of options and for weighing these retention benefits

against the costs.
9Although the bottom panel shows an increase in Plan 1 option values in month 48 (after all options vest), it does not

invalidate the uniqueness of discontinuity on vesting dates. Also note that the change around month 48 is continuous.
In fact, it is no greater than the change in option values in other non-vesting months.
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We restrict the main sample for our baseline analysis to include only option owners. Because

some employees receive option grants more than once, we restructure the data so that each ob-

servation is a unique option grant-employee-month combination. Consider an option owner who

received her first option grant in month 0 and then received a second batch in month 15. In our

restructured data, her two option grants will be represented by two separate observations for each

of the subsequent months. The restructured data distinguishes between different option grants

owned by the same individual at a given point in time. The distinction is important because the

options have different vesting dates and values, thereby potentially affecting quitting decisions in

different ways.

For each option-employee combination, we observe the grant date, the vesting schedule, the

strike price, the spot market prices, and the timing and price at which vested options are exer-

cised. For each option owner, we observe her job level, department, promotions, itemizedmonthly

wages, and the date and cause of leaving the firm if separation happens.10 We also observe the

option owner’s characteristics such as age, gender, education, and prior work experience. In the

end, we get an unbalanced panel of 222,675 observations from 2,959 distinct option-employee com-

binations.11

2.3 Descriptive statistics: valuating the options

Table 2 reports the summary statistics on option-employee characteristics. On average, option

owners of Plan 1 receive 19,956 shares, and those of Plan 2 receive 14,409 shares.12 Despite the

greater number of shares, Plan 1 options tend to be relatively less valuable than Plan 2, although

both can be worth several times the owner’s annual base wage: the BSV of Plan 1 options when

10In the empirical analyses that follow, we define monthly “wage” as the monthly average of an employee’s compre-
hensive annual cash compensation, which includes monthly salaries, cash bonuses (usually paid at the end of a year),
and all other cash benefits. We use the comprehensive measure instead of only wages because the former may be more
relevant to the employees when deciding whether and when to quit.

11The number of option owners might seem small relative to the total number of employees that have worked at the
firm. But note that many of the 50,000 employees are entry-level customer service representatives, who have lower
wages, higher turnover, and almost never receive stock options.

12Each option contract could give the holder the right to purchase multiple shares of stock (usually 100). We do not
observe the number of contracts granted to each owner. Hence, throughout this paper, we will refer to the amount of
options in terms of the shares of stocks that could be purchased with them.
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granted is about 2.63 times the owner’s annual basewage, and that of Plan 2 is 4.07 times. Moreover,

the average monthly wage of Plan 1 owners is also lower than Plan 2 owners, which is consistent

with Plan 1 options being granted in the earlier years of the firm.13 Hence the difference in the two

plans’ relative values translates into even larger differences in absolute values, at least in expectation

when the options were granted.

[TABLE 2 ABOUT HERE]

The realized value of the two plans, however, did evolve to reverse that difference. The bottom

panel of Figure 1 shows that Plan 1 options ended up having higher realized values over time due

to the firm’s rapid growth. In Figure A2, we also show the growth rates of the two plans until they

are exercised, expired, or reverted to the firm. Once again we see that Plan 1 options appreciate

faster in value.

As for the equity portfolio held by option owners, more than 60% of option owners have other

options on hand when they receive a newly granted batch of options. The distribution of owner

job levels follows an inverse U-shaped pattern for both plans. Fewer option owners are at the

lowest level, more are at intermediate levels, and fewer are at very high levels. The initial increase

is driven by better chances of receiving options when an employee is at higher levels, and the

decrease beyond level 5 is because of the drastic decline in the number of high-level positions. The

distribution for Plan 1 owners is slightly skewed toward the lower end, with a larger fraction of

level-3 and level-4 owners.

The statistics highlight the heterogeneities between the two option plans, which call for sepa-

rate examinations of the two plans when gauging their retention effects. Moreover, option owner

heterogeneity re-emphasizes the need for a robust identification strategy to pin down any causal

relationship.

13We have converted all money values to real 2014 RMB yuan using province-level urban CPIs.
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3 Empirical Strategy

3.1 Option vesting and the bunching design

Timing, treatment, and bunching effects. Nowwe formalize the bunching design that identifies

the retention effect of options. We first define time t for each option-employee combination as

months elapsed since the grant date. Take the Plan 1 owner who receives options on July 1, 2011,

as an example. For this option-employee combination, t = 0 in July 2011; t = 1 in August 2011;

and so forth. The first one-third of the granted options vest at the beginning of t = 12, on July 1,

2012. The second and third one-third vest at the beginnings of t = 24 and t = 36, respectively. This

relative notion of time, t, is the running variable in the bunching framework, whereas the vesting

dates are the treatment-determining thresholds. Treatment in our empirical setting is the decrease

in the cost of quitting due to options vesting. An option owner is subject to the treatment if t is

immediately to the right of a vesting date.

We use the bunching design to quantify the bunching effects, if any. The value of unvested

options foregone due to quitting drops discontinuously on the vesting date. But once the vesting

date passes, the marginal cost to delay quitting remains unchanged, although the average cost

continues to decrease. Option owners are thus more likely to quit immediately after vesting dates

and less likely to quit before vesting dates. The excess mass in the distribution of quitting after

vesting dates gives rise to bunching with a “notch,” while the the corresponding missing mass

before vesting dates forms a “hole.” In theory, the excess mass in the notch and missing mass in

the hole will offset each other, assuming no uncertainty and no optimization frictions.

Quantifying the bunching effects empirically. Pinning down the excess and missing masses re-

quires knowing the counterfactual distribution and the affected range. They are the two pillars

of estimating bunching effects. The counterfactual distribution in our context is the distribution

of option owners’ quitting times in the absence of options. The standard approach is to first ex-

clude the data points in months affected by the bunching (i.e. the affected range); then fit a flexible

function, often a polynomial, to the remaining sample; and finally, interpolate over the previously

excluded affected range to get the entire distribution (Kleven, 2016).
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The affected range is the months in which option owners alter their behavior in response to op-

tion vesting. It includes months before the vesting date with reduced quitting (missing mass) and

months after the vesting date with increased quitting (excess mass). In our setting, each option-

employee combination is subject to three potential vesting dates. Therefore, we define treatment

locally as being affected by a nearby vesting date that is at most twelve months away. That is, the

above-noted Plan 1 option owner in September 2006 might be affected by the treatment effects of

the first vesting date (July 20, 2006). But we assume her quitting decision cannot be influenced by

months in the affected range of the second vesting date, which is farther away. This assumption

ensures that an option-employee combination is subject to at most one treatment at any given time.

Empirically, it rules out potential overlap between the affected ranges of two adjacent vesting dates.

We do not impose other assumptions on the affected ranges. In particular, we do not assume

they are the same across different vesting dates, or that they are symmetric before and after each

vesting date. Instead, we estimate the affected range jointly with the counterfactual distribution

and let the equality between the excess and missing masses govern the affected range.14

3.2 Joint estimation of counterfactual distributions and affected ranges

We follow Kleven and Waseem (2013) and take an iterative approach to jointly estimate the

counterfactual distribution and the affected ranges. We start with an initial guess of the affected

range, [z0−, z0+], and run the regression:

Qt =

p∑
j=0

β0
j · (t)j +

∑
t̃∈[z0−,z0+]

γ0
t̃
1{t = t̃}+ εt, (1)

whereQt is the percentage of employeeswho quit in period t and p is the order of the polynomial.15

We use p = 5 for all relevant specifications throughout this paper. γ0
t̃
captures the effect of the

14The equality between the missing mass and the excess mass requires the absence of extensive margin responses,
which we discuss in Section 3.2. Apart from the missing and the excess masses, the distribution farther away from
the vesting date might also shift because of the treatment. But Kleven (2016) shows that, for estimation purposes, the
potential shift can be disregarded and the equality can still be considered as holding.

15We normalize the vesting dates, z∗, to t = 0 to improve the performance of linear regressions with high-order
polynomials.
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notch on quitting decisions in the affected range t̃ ∈ [z0−, z
0
+]. The counterfactual distribution is

then obtained from the predicted values:

Q̂0
t =

p∑
j=0

β̂0
j · (t)j , (2)

where the effects from the affected range, γ̂0
t̃
, are omitted because of the counterfactual absence of

option ownership. Given the counterfactual distribution, we calculate the missing mass before the

vesting date z∗:

M̂0 =
∑

t∈[z0−,z∗)

(Qt − Q̂0
t ). (3)

Similarly, we calculate the excess mass (i.e. bunching) after the vesting date:

B̂0 =
∑

t∈[z∗,z0+]

(Q̂0
t −Qt). (4)

The missing mass should be equal to the excess mass, M = B, if no extensive margin responses

exist. The absence of extensive margin responses implies that option owners only adjust when to

quit but not whether to quit. Options might also retain employees by making them give up quitting

entirely, which, while likely, is not identifiable: the employees who give up quitting are observa-

tionally equivalent to those who never intended to quit.

We use the equality M = B to adjust the initial guess on the affected range and iterate un-

til the distance between M̂ and B̂ is minimized. We denote the optimal estimates of distribution

parameters as θ̂∗ ≡
(
{β̂∗

j }
p
j=0, {γ̂∗t̃ }t̃∈[z∗−,z∗+]

)
and the bunching effect as B̂∗. We then use para-

metric bootstrapping to calculate the standard errors of bunching, B̂∗. We describe the details in

Appendix B.1.
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3.3 Discussion of the bunching design

Taking the bunching approach is a natural result of the empirical setting we are examining. It

is also advantageous in at least two ways. First, it identifies the causal relationship between stock

option ownership and employee retention in the context of a vesting schedule. As Kleven (2016)

points out, simply plotting the observed distribution often reveals bunching and causality. We

show the plots in Section 4. Second, the bunching approach explicitly allows for imperfections of

agents’ decision-making process, such as errors and frictions of optimization. We will exploit this

feature and look into the option owners who quit right before option vesting in Section 5.

A seemingly close alternative strategy is the regression discontinuity (RD) design. RD is an-

other powerful tool to identify causal effects with strong internal validity.16 For example, Dube

et al. (2019) use peer-wage discontinuities to show how peer effects affect quitting. It is also not

uncommon to use time as the running variable in RD applications (RD in Time, or RDiT), although

Hausman and Rapson (2017) point out several potential fallacies of RDiT. RDiT does not suit our

empirical context, however, where the time of quitting is precisely the choice of interest. Hence we

adopt the bunching framework instead of RDiT.

4 Estimation Results on Bunching and Retention Effects

4.1 Preliminary evidence of bunching

We first plot the observed distribution of when option owners quit as preliminary evidence of

bunching. We restrict the attention to employeeswho leave the firmvoluntarily (“quitters”). Those

who leave involuntarily are excluded from the main sample and only used later in the falsification

test.

In Figure 2, the horizontal axes show months after option granting. Month 0 begins on the

grant date. The top and bottom panels plot the fraction of quitters among initial option owners

of Plan 1 and Plan 2, respectively. Vesting dates are marked by dotted vertical lines with labels

showing the cumulative fraction of options vested so far.
16See Imbens and Lemieux (2008) for a survey of the literature.
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The figure highlights the decrease in quitting in the months leading up to the vesting dates and

the sharp increase afterward. For example, the average fraction of quitters per month among Plan

1 owners is 0.237% in the first 6 months. It drops below 0.126% in t = 11 and then jumps to 0.569%

in t = 12, once the first one-third of options vest. The drop and jump in quitting rates correspond

to the missing and excess masses in the bunching design. The same pattern of quitting also arises

in months 24 and 36. Moreover, no discernible bunching exists around months 48 or 60, by which

time all options have vested. The bottom panel for Plan 2 owners shows a similar pattern (with

the exception of the first vesting date).

[FIGURE 2 ABOUT HERE]

Figure 2 provides preliminary evidence for the retention effects of options. To reiterate the

point by Kleven (2016), plotting the raw data in a bunching framework is already informative of

the causal relationship. The bunching effects in the figure do differ across plans and vesting dates,

both in magnitude and statistical significance. We defer the discussion until we present the formal

estimation results.

4.2 Baseline estimates of bunching

Estimation results. We present the baseline bunching estimation results in Table 3. Column (1)

lists the vesting date whose treatment effect is being estimated. Column (2) quantifies the bunch-

ing effect, measured by the excess mass in quitting after the vesting date. Column (3) shows the

expected length of retention due to options vesting. Columns (4)-(5) report the estimated affected

range: z∗− and z∗+ are the number of affected months before and after the vesting date, respectively.

Columns (6)-(8) report the sample size used in the estimation for each threshold.17 Bootstrapped

standard errors are reported in parentheses.

[TABLE 3 ABOUT HERE]
17The number of observations fluctuate over time because of the varying number ofmonths used in estimating bunch-

ing around each threshold. The numbers of unique employees and option-employee combinations both decrease over
time because of quitting.
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For Plan 1 owners, excess quitting after the vesting dates ranges from 0.20 to 0.54 percentage

point. The bunching effects are statistically significant for the first two vesting dates, even though

graphically there’s also increased quitting after the third vesting date. The average monthly quit-

ting rate of Plan 1 owners is 0.226% before vesting dates. Hence the bunching effects are also

economically significant. The affected range estimates remain fairly stable across the thresholds:

the missing mass appears 3-5 months before option vesting; the excess quitting concentrates in the

1-3 months after vesting. The asymmetry of affected ranges is quite intuitive: those who delay

quitting because of the vesting schedule are likely planning it months ahead of time and would

want to quit as soon as their options vest.

Plan 2 owners see more variation in the size of bunching effects across different vesting dates.

The excess quitting after t = 24 is statistically indistinguishable from zero; those after t = 36 and

t = 48 are 0.74 and 0.28 percentage points, respectively. The affected ranges are slightly smaller

than those for Plan 1. One possible reason is the lower realized value of Plan 2 options (as shown

in the bottom panel of Figure 1 and Figure A2). Option owners delay quitting in order to reap the

gain of options that will soon vest. Thus lower-value options provide weaker incentives for such

delay; underwater options provide no (short-term) incentive at all. That Plan 2 options are granted

from 2008 onward exposes them to greater shocks in the 2008-09 financial crisis. We explore this

mechanism further in Section 4.3.2.

Graphical representation of estimated bunching effects. Figures 3 and 4 illustrate the baseline

estimates. The three plots in each figure correspond to the three vesting dates. Take the top panel in

Figure 3, for example. The estimated counterfactual distribution of quitters (dashed line) closely

resembles the observed one (solid line), especially considering the small number of data points

used in its estimation. The estimated affected range runs frommonths 9 to 14. The figure highlights

amissingmass of quitters before option vesting (months 9-11) and excessmass after option vesting

(months 12-14).

[FIGURES 3 and 4 ABOUT HERE]
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Discussion of the baseline estimates. Before proceeding to explore the mechanisms of retention

effects and test for confounding factors, we discuss the baseline estimates and their interpretation.

First, recall that the treatment is defined as the local effect of the closest vesting date. In reality,

vesting dates farther into the future might also have an impact if option owners are sufficiently

forward-looking. By estimating bunching at the 3 vesting dates separately, we already allow the

responses to vary by the remaining planning horizon (or frictions of optimization regarding dif-

ferent vesting dates). That said, decision-making over a longer horizon faces increasingly more

complications, such as the the evolving cost of staying in the current firm, the time sensitivity and

uncertainty of outside job offers, etc. Empirically, the estimated affected ranges are only 2-6months.

It is thus not clear whether vesting dates beyond the maximum affected range of 12 months have

any first-order impacts. For this reason, we continue to interpret the bunching effects as capturing

primarily the local effects of the closest vesting dates.

Second, the bunching effects we find aremost likely a lower-bound estimate of the total retention

effects. Some owners could have given up quitting because of the options but are observationally

equivalent to those who never considered quitting even without options. As a crude measure of

such extensive margin responses, we compare the raw turnover rates of owners and non-owners

in Table A2. For employees at all levels, option owners display substantially lower turnover than

non-owners. The endogeneity of option ownership can generate the same difference. However,

endogeneity alone is hard to explain why the gap is more pronounced shortly after options are

granted (within 1-3 years).18 Thus, there is room for sizable extensive margin responses by option

owners who give up plans to quit altogether.

Third, the counterfactual distributions are estimated using a small number of data points, re-

sulting in some noisy estimates of the bunching effects. The small sample is due to the necessary

aggregation of the raw data to themonth level. That we estimate bunching at different notches sep-

arately further shrinks the sample size. To address this issue, an alternative is to pool data from all

the months and jointly estimate the bunching at the three notches. Doing so moderately increases

the sample size, but requires the assumption that there is one common counterfactual distribution

18If, for example, employees who are better matches with the firm are more likely to receive options, then the match
quality would have to decline over time in order for the turnover gap to shrink.
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over all months after the grant date. We report the estimates using this approach in the Appendix

(Figure A3) and find them to be qualitatively similar to the baseline results.

4.3 Mechanism and heterogeneous responses

The baseline estimates showed significant bunching effects at the vesting dates. We now test

whether the bunching reflects the retention effects or are driven by confounding factors that coin-

cide with options vesting. We first examine the option exercising patterns and discuss the channels

through which vesting dates affect turnover. We then examine how the retention effect varies with

the value of options. We then show that bunching is not the artifact of “reference point” effects

such as certain months of the year or the end of contract years. We also do a falsification test on

the sample of option owners who leave the firm involuntarily and thus have little control over the

timing of exits. We conclude the section with an exploratory discussion of option owners who quit

“too early,” shortly before the vesting dates.

4.3.1 Mechanism of retention: quitting, vesting, and option exercising

In our bunching framework, option owners delay quitting because of the discontinuous drop in

the opportunity cost of quitting once options vest. It is thus essential that option owners dowant to

exercise the options when they can. Without the intention of exercising options, the vesting dates

will not affect quitting decisions at all. We verify this assumption with data on option transactions.

Figure 5 tracks the percentage of owners who exercise all of their newly vested options. The top

panel shows discontinuous increases immediately after the vesting date. That is, not only do Plan

1 owners want to exercise the options, they tend to do so as soon as possible. The bottom panel

shows a similar pattern for Plan 2, except for a slight delay in the timing of exercising.19

[FIGURE 5 ABOUT HERE]

19Even when an option owner quits, her vested options can still be exercised within 90 days. This delay is perhaps
driven by the slower and more uncertain appreciation of Plan 2 options, as shown in Figure A2. Option owners might
have to wait for a better spot market before exercising their vested shares.
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Figure 6 corroborates the above with the exercising patterns of option owners who do quit.

The horizontal axes show time relative to a quit. Month 0 is when quitting happens; month s is the

sth month after quitting. We track how the cumulative fraction of options exercised change over

time. First, the exercising patterns are consistent with the firm’s policy, reassuringly. The exercised

fraction is well below 100%, since the unvested options revert to the firm when the owner quits.

It also stays unchanged after s = 2 because the vested options can only be exercised within 90

days of quitting. Second, the fraction of options that are exercised remains small, until about half a

year before quitting. Then it increases rapidly and approximately doubles over months s ∈ [−7, 3].

This rapid increase, coupled with Figure 5, indicates that option exercising tends to concentrate

in months before quitting, and that vesting dates have substantial impacts on the extent of option

exercising. Hence, it is more likely the vesting of options, rather than other factors, that drives the

bunching effects we document.

[FIGURE 6 ABOUT HERE]

4.3.2 Option value and the magnitude of retention effects

Our hypothesized mechanism suggest that bunching arises because option owners alter the

quitting time to minimize the cost of foregone unvested options. An immediate corollary is that

the magnitude of bunching will vary with the value of options: pushing off quitting until options

vest is more profitable when the options are more valuable. We now test this prediction formally.

[TABLE 4 ABOUT HERE]

We compare the monthly quitting rate of option owners and matched non-owners in Table 4.

Each observation is an employee-month. The dependent variable is whether employee i quits in

month t. The variables of interest are fourmeasures of option value: column (1) examines the value

of options that are vested and exercised; column (2) that of options vested but not yet exercised;

column (3) that of options not vested yet; column (4) that of options that are not exercised, which

include unvested options and vested but not exercised options.
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Column (1) shows a positive correlation between the value of exercised options and quitting.

That is, option owners who have already pocketed larger gains (either in the current month or

in the past) are more likely to quit. Whether the high-value options are exercised in the month

of quitting or prior to that, it is consistent with our hypothesis that employee quitting decisions

are made under the goal of minimizing money left on the table. In contrast, column (2) shows

that higher values of vested options that have not been exercised discourages quitting. Similarly,

column (3) shows an even larger effect for the value of unvested options. Both results support our

hypothesis that it is the value not yet reaped by option owners that motivate them to delay quitting,

thereby keeping them in the firm for longer. Finally, column (4) uses a measure of option value

that is the combination of those in columns (2) and (3) and documents a similar effect.

Overall, the results in Table 4 show that the retention effects are larger when the value not yet

captured by the option owners is higher, whereas the value of options already exercised have the

opposite effect.

4.3.3 Potential reference point effects

We now test for confounding factors of bunching, with a focus on “reference point” effects.

Reference points are times when quitting increases systematically for reasons other than option

vesting. They could arise for various reasons, such as seasonality, institutional rules, or social

norms and behavioral factors (Kleven, 2016). Reference points, if present and coinciding with the

vesting dates, can also generate excess quitting and thus result in the overestimation of retention

effects.

Of particular relevance to our setting is the possibility of quitting at contract termination. The

firm’s employment contract terms are usually multiples of 12 months (i.e., 1 year, 2 year, 3 years,

etc.). If quit is more likely to happen upon contract termination, then the end of contract years will

become a reference point.

To test whether contract termination is driving the results, we compare the distribution of op-

tion owners’ and non-owners’ quitting over the contract year in the top panel of Figure 7. While

non-owners tend to quit shortly after completing a contract year, option owners do not show such
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tendencies. In fact, the latter are almost equally likely to quit in any month of the contract year.

This contrast rejects the hypothesis that bunching is driven by contract termination. More impor-

tantly, it suggests that the baseline bunching estimates could be understated because the retention

effects are partially offset by the reference point effects.

[FIGURE 7 ABOUT HERE]

To test for other types of potential reference points, we also compare the quitting distribution

over the calendar year in the bottom panel of Figure 7. Seasonality is essentially nonexistent in the

quitting time of non-owners. But somemonths do see slightly more quitting of option owners. We

formally test reference point effects by conditioning the empirical distribution of quitters on fixed

effects of months that are potential reference points.20

We re-estimate the bunching model based on the adjusted empirical distribution. Results are

reported in Table 5 and plotted in Figure 8. We find that Plan 1 affected range estimates do not

change qualitatively after controlling for potential reference points. Estimates on the excess mass

do change slightly in size but remain significant. Estimates on Plan 2 owners are similar, except

that the bunching effect at the first vesting date (month 24) remains absent. One possibility is that

the realized value of Plan 2 options have a lowermean and larger variance. When the option values

are too low, the latent bunching effects might be more than offset by the contract year-end effects.

[TABLE 5 AND FIGURE 8 ABOUT HERE]

Taken together, we find that the bunching effects mostly persist after accounting for various

types of potential reference points. This shows that the documented bunching is mainly driven by

the retention effect of options rather than reference points.

20We include month fixed effects for February, May, June, and September. June is included because it concludes the
first half of the year and precedes the entry of new graduates. We also include fixed effects of the first, second, and third
months after contract year ends to counteract the potential underestimation bias. Alternatively, we can include fixed
effects for each calendar month and/or contract year month. Doing so will produce qualitatively similar, but noisier
results due to the loss of statistical power.
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4.3.4 Falsification test: absence of bunching for involuntary exits

We now falsify the identification strategy using involuntary exits, which include being fired or

laid off. If bunching is driven by confounding factors that are orthogonal to option vesting, then

it will likely show up among involuntary exits as well. If bunching is indeed due to the retention

effect of options, however, then it would not be present in the distribution of involuntary exits.

We plot the raw distribution of involuntary exits of option owners over time in Figure A4 and

find no discernible bunching around the vesting dates. We then formally estimate the bunching

model and plot the estimates in Figure 9. Due to the small number of involuntary exits, we set

the affected ranges to be the same as those in the baseline estimates. The estimated counterfactual

distributions fit the overall distribution fairly well. But once again, we find no bunching at the

vesting dates. The estimated excess mass is either not significantly different from 0 or negative.

The absence of bunching among involuntary exits further rejects the hypothesis that the baseline

bunching effects are driven by confounding factors.

[FIGURE 9 ABOUT HERE]

4.3.5 Heterogeneous responses: “early” and delayed quitting

We conclude this section by going beyond the bunching framework and examining the small

but non-negligible group of option owners who quit shortly before the vesting dates. Because all

unvested options revert to the firm, quitting early effectively leaves money on the table—large

amounts of money if the option values are high. We study the characteristics of early quitters

and explore what drives the curious timing of their exits. In particular, we are interested in the

possibility of optimization frictions, which could limit the retention benefit of options.

We define “early quitters” as those who quit within the affected range but before options vest,

i.e., up to z∗− months before the vesting date. Of all early quitters, we pay special attention to

a subgroup who quit in the month right before option vesting and compare their characteristics
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with those who quit within in z∗+ months after the same vesting date (“delayed quitters”).21

[TABLE 6 ABOUT HERE]

Table 6 reveals two major differences between early quitters and delayed quitters. First, early

quitters hold options of lower relative value. The relative value of options is 5-6 times their an-

nual base wage, whereas it is over 7 times the annual base wage of delayed quitters. Early quitters

also earn moderately higher wages and hold higher-level positions. This is especially true for early

quitters who leave within onemonth of option vesting. Second, although the overall years of expe-

rience are similar, early quitters have less firm-specific experience. Other than these, early quitters

do not differ in gender, age, or education attainment.

Taken together, it is unlikely that early quitting is driven by a financial illiteracy or optimiza-

tion frictions. Instead, a likely rationale for quitting early is better outside offers and/or a greater

inclination to leave. The higher wages and job levels of early quitters reflect stronger abilities; the

shorter in-firm experience suggests either more frequent job switching or weaker attachment. Ei-

therway, there ismore likely to be an outside offer attractive enough for the early quitters to give up

their unvested options. Note that although the estimates in Table 6 are noisy due to the very small

sample size, they could be a helpful first step in exploring reasons behind seemingly irrational

quitting decisions.

5 Benefit-Cost Analyses

In this section, we then gaugewhether the benefit of retention effects is economically important

for the firm. We answer this question in two steps. We first evaluate the quality of retained option

owners, because the options’ retention effect is only valuable to the firm if option owner perform

better than the non-owners.22 We then do a simple analysis of the benefit and cost of options.
21Recall that z∗− and z∗+ mark the beginning and the end of the affected range, respectively.
22In general, retaining employees alone is valuable, since it reduces turnover, which has been known to be costly.

If one ignores the opportunity costs, a firm may want to retain an employee with lower performance, as long as the
performance is not so low that it becomes cheaper to fire her and recruit a replacement. But if options are not granted
to everyone, doing so is not optimal: if an option owner performs worse than a non-owner, then the firm could have
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5.1 Performance of option owners

Retaining employees does not generate value in itself. We need to examinewhether the retained

option owners are indeed valuable to the firm. To this end, we compare the performance review

outcomes of option owners between 2004 and 2017 in Figure 10. Many employees at the firm are

reviewed by their supervisors quarterly and receive a performance score. Employees on piece-rate

wages, such as customer service representatives at the call center, do not have performance scores

and are thus excluded from the sample. The performance score is a number between 0 and 1,

which does not translate into a concrete or objective measure of productivity. Instead, it reflects an

employee’s relative performance among her peers at the same level. Thus we normalize the scores

by quarter and job level.

[FIGURE 10 ABOUT HERE]

The top two panels of Figure 10 compare the performance among subgroups of option owners.

For both Plan 1 and Plan 2 owners who never quit, their performance is at least as good as quitters

up to 48months after receiving options. After 48months, never-quitters have significantly superior

performance than quitters. Both the never-quitters’ and quitters’ performance dominate that of

option owners who are fired.

The bottompanel further compares the performance of option owners andnon-owners. Option-

owning never-quitters and quitters outperform non-owners throughout most of the 14 years in our

data. Note that the average normalized performance scores of non-owners stay below zero, which

indicates subpar performance relative to others at the same job level.

[FIGURE 11 ABOUT HERE]

The above compares the performance of different groups of employees, all of whom are still in

the firm and thus have the performance scores. Figure 11 further shows the difference in perfor-

mance between those who quit and those who stay. We plot the average performance evaluation

generated more value by granting the options to the non-owner instead. Thus we argue that the benchmark should be
the performance of non-owners when evaluating the retention benefits of BBSO.
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scores over time, specifically before and after option vesting. Within each 12-month cycle, we ob-

serve that the average performance (normalized and adjusted for seasonality) drops systematically

after option vesting. Recall that option owners tend to quit shortly after the vesting day. Thus the

drop implies that those who quit have better performance than those who stay in the firm. That

is, without the options, the highest-performing employees would have quit sooner. All else equal,

granting options to these employees (instead of others) generates themost value to the firm, which

seems to be optimizing already.

The comparisons above show that the option owners, in particular those who delayed quitting

due to option vesting, are in general more valuable to the company, whether they are retained for

the short term or for longer. This result establishes our premise for assessing the retention benefit

of BBSO.

5.2 Gauging BBSO benefits

We now evaluate whether BBSO generates enough benefits to justify its cost. The cost of grant-

ing BBSO to employee i, ci, is simply measured by the Black-Scholes value (BSV). The benefit of

BBSO, on the other hand, consists of at least three components: the savings in the wages paid to

option owners, the improvement in output by option owners, and the value of retaining productive

option owners. The first two have receivedmore attention in the literature, whereas themagnitude

of retention benefits are less well understood.

Wage savings. The first benefit of BBSO comes from its role as an alternative form of remuner-

ation. Without options, the firm might pay higher wages to option owners, who we have shown

to have superior performance. Estimating this counterfactual wage is not a straightforward ex-

ercise given the endogeneity of wages. We propose an informative, lower-bound estimate of the

counterfactual wage using option owners’ wages before receiving BBSO and the wage trajectory

of non-owners who are otherwise similar.23 The wage savings is then defined as the difference

between option owners’ counterfactual and observed wages. Note that assuming the same wage

23See Appendix C.2 for details.
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trajectory for owners and non-owners under-estimates the counterfactual wage and therefore the

wage savings. This is because the unobserved characteristics that increase the probability of re-

ceiving BBSO are also likely to lead to faster wage growth in the absence of BBSO. For example,

Table A3 shows that option owners are more likely to be promoted and therefore receive higher

wages.

Improved productivity. The second type of BBSO benefits is the improvement in option owners’

output. To quantify worker output, we start by regressing non-owner wages on their performance

scores and a rich set of observable characteristics. We then predict “fair wages” for option owners,

assuming that firms set wages to compensate for employee output. The improvement in produc-

tivity is then defined as the difference between option owners’ output and the average output of

an otherwise similar non-owner.24

Retention benefits. The retention benefits of BBSO also come in various forms. First and fore-

most, the firm receives additional output from option owners who delayed quitting because of op-

tion vesting. The output during the few months close to the vesting date would have been lost

without BBSO. As a lower-bound measure of this benefit, we only consider the output within the

affected range by option owners who delayed quitting.25

But among the option owners who never quit, some could have given up quitting only because

of BBSO. To account for the benefits of keeping these employees, we propose an upper-bound

measure of the retention benefits. It includes the lower-bound measure, plus the output of option

owners after they show an intention to quit (but have not yet done so). We identify the intention to

quit from the exercising of a large fraction of one’s vested options, in light of the findings in Figure

6.26 Note that even the upper-bound measure only accounts for a small fraction of retained option

owners’ output, namely that produced after a clear intention to quit emerges. In the absence of

24See details in Appendix C.3.
25That is, option owners who quit after an option vesting date but still within the affected range. They are also the

group captured by the bunching effects.
26The rationale for this measure is that after an intention to leave emerges, it is the vested but not yet exercised options

that are keeping an owner in the firm. We thus regard her output during this time as part of the retention benefit of
BBSO. See Appendix C.4 for details.
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BBSO, these employees could have quit long before.

5.3 BBSO benefit-cost analysis

Now we compare the cost and various types of benefits of BBSO by job level in Table 7. For

Plan 1 owners, the average cost of granting options is 317.26 thousand yuan per person. This cost

is hardly offset when only considering the wage savings, which are 51.10 thousand yuan and 98%

of the granting cost for the average option owner. This reflects a strong role of Plan 1 options as

a substitute for wage compensation, which is again related to the plan’s being offered when the

company was rapidly growing.

[TABLE 7 HERE]

In addition to the wage savings, there are also substantial retention benefits. The estimated av-

erage retention benefits range from 170.35 to 362.43 thousand yuan, depending on which measure

of benefit is used. The total benefit of BBSO is 2.33-4.59 times the cost of granting it to employees.

Plan 1 owners in lower-level jobs have a substantially higher benefit-cost ratio, which is largely the

artifact of high wage savings. The benefit-cost ratio is lower for level 5-10 owners, but it is still in

the range of 1.40 to 2.81.27

The benefit-cost comparison for Plan 2 owners is qualitatively similar. For Plan 2 owners as a

whole, wages savings compensate for a smaller fraction of granting cost than for Plan 1 owners. For

the average owner, the wage savings are about 70% of the granting cost. Once retention benefits

are accounted for, the total benefits outweigh the cost, as is the case with Plan 1 options. The ratio

of total benefits to the cost is 1.08-3.27, which is still much higher for lower-level owners.

The benefit-cost comparison shows that the benefit of granting options is sufficient to justify the

cost only if the retention effects are considered. In fact, the retention benefits make up a sizable fraction

of total benefits to the firm. For options granted at the early stage of the firm (Plan 1), the retention

benefits alone can be large enough to justify the granting cost. Hence, accounting for the retention

effects of options can avoid the potential underestimation of the benefit-cost ratio, thereby helping
27We report the detailed breakdown of BBSO costs and benefits by job levels in Table A4.
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to reconcile the popularity of options and the high granting costs.

6 Concluding Remarks

In this paper, we use the bunching design to identify the causal effect of employee stock options

on turnover. We leverage unique, granular panel data and exploit the discontinuous changes in

the cost of quitting around option vesting dates. We find significant and robust bunching after

option vesting dates, which quantifies the retention effect of option ownership. We also show that

the retention effects are nonexistent for involuntary exits, and that they are unlikely to be driven

by confounding factors such as reference points.

The immediately relevant question stemming from the findings is whether the benefit of op-

tions is large enough to justify their costs. To that end, we discuss the performance of option owners

and find that the retained employees are indeed valuable to the company. We then do a benefit-

cost analysis and show that the retention benefits contribute greatly to the total benefit of options,

which more than justifies the granting cost only when the retention benefits are accounted for.

The bunching design that we employ in this paper is known for its strong internal validity that

identifies the treatment effect. While testing the external validity is outside the scope of this paper,

there are several reasons why we believe the results shed useful light on the retention benefits of

BBSO in a more general setting. First, we are using data on a fast-growing, NASDAQ-listed firm in

the high-tech/service industry, which is representative of firms that aremore likely to include stock

options in their remuneration packages. Second, the firm’s workforce is primarily high-skilled and

financially savvy. Thus the retention effects identifiedusing this group ofworkers are perhaps close

to the upper end of the spectrum. For option owners who give up quitting due to BBSO (but are

not separately identifiable), we have shown the disparities in turnover rates between option owners

and non-owners to gauge the extent of such an “extensive margin” response. This response is also

likely to be on the larger side considering the higher turnover rate in this industry.

Overall, our findings contribute to the understanding of the puzzling popularity of broad-based

employee stock options in spite of high granting costs. Significant retention benefits provide an

additional reason for the prevalence of options, which is not adequately explained by the incen-
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tivization hypothesis. Bunching at the vesting dates also suggests why there is a vesting schedule

in the first place. Given that options hardly induce long-term efforts, having a vesting schedule

can at least retain option owners for the short term.
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Level 1 Level 2 Level 3 Level 4 Level 5 Level 6 Levels 7-10
N % N % N % N % N % N % N %

Admin 199 10.33 349 47.56 221 91.79 134 95.14 159 99.31 75 97.77 32 89.02
Product 10818 4.16 1092 25.47 455 57.19 240 74.61 228 95.34 36 97.08 3 92.94
IT 139 1.61 115 5.44 229 17.94 131 41.68 130 94.14 31 98.72 2 100.00
Sales 12827 4.11 201 27.90 37 34.52 4 52.74 - - - - - -
All 23983 4.24 1757 31.13 942 63.34 509 77.05 517 96.54 142 97.79 37 89.67

Table 1: Option ownership rates by job level and department
Notes: This table reports the number of employees (N) and the fraction of option ownership (%) by job level and type of
department (administrative, product management, sales and customer services, and IT). The rate of option ownership
is weighted by the number of months an employee worked at the firm. Levels 7-10 are combined due to sample size
and privacy concerns. There are no jobs at level 5 or above in the sales department, which mostly consists of entry-level
employees working at the call center as customer service representatives.
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Plan 1 Plan 2
Mean SD Min Max Mean SD Min Max

Shares granted (in 1,000) 19.956 54.743 1.064 1344 14.409 53.455 0.016 1200
(Option value)/(annual base wage) 2.631 2.691 0.119 24.117 4.074 4.454 0.156 72.396
Monthly base wage (in 1,000 yuan) 6.686 5.016 0.5 49 9.832 6.796 0.629 60
1{have other options} 0.616 0.486 0 1 0.698 0.459 0 1
Distribution of job levels:
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1 2 3 4 5 6 7 8 9 10
Job levels

Plan 1 Plan 2

Workers 625 674
Options 1,646 1,313

Table 2: Option value and owner characteristics on grant dates
Notes: All statistics are measured on the grant date. Option values are the Black-Scholes value, originally in US dollars and converted to real 2014
RMB yuan using the then-prevailing exchange rate and the province-level urban CPI.
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Threshold Bunching Months Affected range Sample size
month (excess mass B∗) retained (E(T )) Before (z∗−) After (z∗+) Observations Employees Option-employees
(1) (2) (3) (4) (5) (6) (7) (8)

Panel A. Plan 1
12 0.36 2.06 3.00 2.00 35,138 625 1,647

(0.10) (0.61) (1.46) (0.79)
24 0.20 0.28 2.00 3.00 25,796 588 1,569

(0.11) (0.95) (1.63) (0.93)
36 0.54 2.61 5.00 1.00 46,473 550 1,488

(1.94) (0.51) (0.82) (0.31)
Panel B. Plan 2

24 -0.07 1.00 1.00 1.00 39,098 674 1,313
(0.13) (1.05) (1.34) (0.68)

36 0.74 2.96 4.00 2.00 24,421 581 1,180
(0.15) (0.51) (1.23) (0.76)

48 0.28 1.00 1.00 1.00 22,924 544 1,097
(0.09) (0.48) (1.64) (0.80)

Table 3: Joint estimates of bunching and the affected range: baseline specification
Notes: Column (1) shows the threshold months (those with a vesting date) for which the results in other columns are estimated. Column (2)
quantifies the magnitude of bunching, measured by the excess mass in the quitting distribution to the right of the threshold. Column (3) shows the
expected length of retention due to option vesting in the threshold month. Columns (4)-(5) report the estimated affected range. z∗− and z∗+ is the
number of affected months before and after the vesting date, respectively. Columns (6)-(8) report the sample size used in the estimation for each
threshold: the number of observations, the number of unique employees, and the number of unique option-employee combinations. Bootstrapped
standard errors are in parentheses.
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Dependent variable: 1(Exit)
(1) (2) (3) (4)

Vested and exercised value .0027
(.0014)

Vested but unexercised value -.0034
(.0007)

Unvested value -.0048
(.0011)

Unexercised value -.0033
(.0005)

Year-month FE Yes Yes Yes Yes
Location FE Yes Yes Yes Yes
Department FE Yes Yes Yes Yes
Job level FE Yes Yes Yes Yes
Job category FE Yes Yes Yes Yes
Individual FE Yes Yes Yes Yes
Observations 373439 373439 373439 373439
Adjusted R2 .0673 .0672 .0672 .0672

Table 4: Option value and retention effects
Notes: The table examines the impact of various measures of option value on employee quitting. The sample is re-
stricted to option owners and matched non-owners. Each observation is an employee-month. The variables of interest
in columns (1)-(4) are: the value of options that are vested and exercised, that of options vested but not yet exercised,
that of unvested options, and that of unexercised options (including both unvested options and vested but unexercised
options). All option values are measured in millions of 2014 RMB yuan. The option value for non-owners are normal-
ized to 0. All columns also included year-month, location, department, job level, job category, and individual employee
fixed effects.
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Threshold Bunching Months Affected range Sample size
month (excess mass B∗) retained (E(T )) Before (z∗−) After (z∗+) Observations Employees Option-employees
(1) (2) (3) (4) (5) (6) (7) (8)

Panel A. Plan 1
12 0.53 3.00 5.00 3.00 33,615 625 1,647

(0.08) (0.79) (1.40) (0.68)
24 0.47 2.87 3.00 2.00 25,687 586 1,563

(0.07) (0.52) (1.28) (0.41)
36 0.44 3.09 4.00 3.00 47,969 556 1,496

(1.04) (0.52) (0.89) (0.28)
Panel B. Plan 2

24 -0.09 1.00 1.00 1.00 41,372 674 1,313
(0.04) (1.27) (1.21) (0.76)

36 0.41 1.55 2.00 1.00 20,267 581 1,180
(0.11) (0.75) (1.62) (0.83)

48 0.83 3.01 5.00 2.00 24,033 547 1,109
(0.18) (0.98) (1.98) (0.82)

Table 5: Testing for reference points: bunching estimates with month fixed effects
Notes: Column (1) shows the threshold months (those with a vesting date) for which the results in other columns are estimated. Column (2)
quantifies the magnitude of bunching, measured by the excess mass in the quitting distribution to the right of the threshold. Column (3) shows
the expected length of retention due to option vesting in the threshold month. Columns (4)-(5) report the estimated affected range. z∗− and z∗+
is the number of affected months before and after the vesting date, respectively. Columns (6)-(8) report the sample size used in the estimation
for each threshold: the number of observations, the number of unique employees, and the number of unique option-employee combinations.
The econometric specification is the same as the baseline model, except we add fixed effects for February, May, June, and September, which are
potential reference points in the calendar year; we also add fixed effects for the first, second, and third month after the end of contract years to avoid
underestimating bunching, because part of the retention effects may be offset by the reference point effects in the absence of options in these months.
Bootstrapped standard errors are in parentheses.
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(1) (2) (3) (4)
Early quitters Early quitters Delayed quitters Difference
[Z∗ − 1, Z∗) [Z∗ − Z∗

l , Z
∗) [Z∗, Z∗ + Z∗

u) (3)-(2)
(Option value)/(annual base wage) 5.821 5.301 7.239 1.938

(1.066) (0.840) (1.865) (2.796)
Monthly base wage (1,000 yuan) 13.065 10.570 10.807 0.238

(1.681) (1.126) (0.909) (1.518)
Job level 6.211 5.714 5.363 -0.352

(0.355) (0.290) (0.210) (0.358)
Experience 13.284 11.864 12.481 0.618

(1.688) (1.200) (0.825) (1.419)
Firm-specific experience 4.563 4.324 5.046 0.722

(0.550) (0.379) (0.318) (0.516)
Male 0.611 0.474 0.606 0.132

(0.118) (0.082) (0.058) (0.100)
Age 36.954 35.393 35.172 -0.221

(1.643) (1.158) (0.720) (1.299)
Years of schooling 16.000 15.914 16.017 0.103

(0.364) (0.270) (0.190) (0.322)
Observations 21 44 83

Table 6: Testing for optimization friction: comparison of early quitters and other quitters
Notes: Column (1) shows statistics of option owners who quit in the month preceding a vesting date, i.e. between month (z∗ − 1) and z∗. Column
(2) shows statistics of option owners who quit within the affected range and before the vesting date, i.e. between month (z∗ − z∗−) and z∗. Column
(3) shows statistics of option owners who quit within the affected range but after the vesting date, i.e. those who are bunching in [z∗, z∗ + z∗+).
Column (4) reports the differences between (3) and (2). All standard errors are in parentheses. Option value is the Black-Scholes value of options
in months before the vesting date and within the affected range. Option values are originally in US dollars and converted to real 2014 RMB yuan
using the then-prevailing exchange rate. All money variables are adjusted for inflation using province-level urban CPI in China. Experience is
estimated from employee age and education attainment. Firm-specific experience is the number of years an employee worked in the firm when she
quits, which is readily available in the data.
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Benefits and cost (in $1,000) Benefit-to-cost ratio
Wage Retention benefits Wage Retention benefits Total benefits

Cost savings Min. Max. savings Min. Max. Min. Max.
(1) (2) (3a) (3b) (2)

(1)
(3a)
(1)

(3b)
(1)

(2)+(3a)
(1)

(2)+(3b)
(1)

Panel A. Plan 1
All 317.26 51.10 170.35 362.43 0.98 1.35 3.61 2.33 4.59
Levels 1-4 90.83 123.67 81.41 265.03 2.38 1.31 4.81 3.69 7.20
Levels 5-10 465.56 3.57 228.59 426.22 0.03 1.37 2.79 1.40 2.81

Panel B. Plan 2
All 538.72 82.98 124.52 487.77 0.70 0.38 2.57 1.08 3.27
Levels 1-4 131.23 334.18 -37.66 271.68 4.09 -0.67 3.94 3.42 8.02
Levels 5-10 611.64 38.12 153.49 526.35 0.10 0.56 2.33 0.66 2.42

Table 7: Benefit-cost analysis
Notes: The left half of the table reports the benefits and costs estimates in thousand RMB yuan. “Cost” (1) is the average cost of granting BBSO to
an employee. “Wage savings” (2) are the average estimatedwage savings on the employee. (3a) and (3b) are the lower- and upper-bound estimates
of the retention benefits, respectively. The right half of the table reports ratios of BBSO benefits (by type and in total) to the granting cost.
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Figure 1: Option vesting schedules and values over time
Notes: The horizontal axes show months after option granting. The grant dates are denoted as the beginning of month
0. Plan 1 options vest in three equal batches at the beginning of months 12, 24, and 36. Plan 2 options vest in three
equal batches at the beginning of months 24, 36, and 48. Vesting dates are marked by dotted vertical lines. In all three
panels, the solid (dash-dotted) line shows Plan 1 (Plan 2) averages. The top panel illustrates the vesting schedules by
showing the fraction of vested options over time. The middle panel shows the expected value of vested shares, which is
calculated by multiplying the number of vested shares at each point in time with the Black-Scholes value per share on
the grant date. The bottom panel shows the actual value of vested shares by plotting their real-time Black-Scholes value
in each month after granting.
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Figure 2: Preliminary evidence of bunching: monthly quitting rates of option owners
Notes: The horizontal axes show months after option granting, with the grant date being the first day of month 0.
Option vesting dates are marked by dotted vertical lines (months 12, 24, and 36 for Plan 1; months 24, 36, and 48 for
Plan 2). The vertical axes showmonthly quit rates (in %), calculated as the fraction of voluntary quitters in each month
as a fraction of total initial option owners of that plan.
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Figure 3: Baseline estimates of bunching: empirical and counterfactual distributions of quitters
and the affected range (Plan 1)
Notes: The horizontal axes show months after option granting, with the grant date being the first day of month 0. The
three panels show bunching at the three vesting dates for Plan 1. The solid lines trace out the observed distribution of
quitters. The dashed lines show the counterfactual distributions. The shaded area indicates the affected range. Sizes of
bunching at the three vesting dates, measured by excess mass B∗, are reported at the top-left corner of each plot. The
corresponding standard errors are in parentheses. Also reported are the expected number of months an option owner
is retained, E(T ). 41
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Figure 4: Baseline estimates of bunching: empirical and counterfactual distributions of quitters
and the affected range (Plan 2)
Notes: The horizontal axes show months after option granting, with the grant date being the first day of month 0. The
three panels show bunching at the three vesting dates for Plan 2. The solid lines trace out the observed distribution of
quitters. The dashed lines show the counterfactual distributions. The shaded area indicates the affected range. Sizes of
bunching at the three vesting dates, measured by excess mass B∗, are reported at the top-left corner of each plot. The
corresponding standard errors are in parentheses. Also reported are the expected number of months an option owner
is retained, E(T ). 42
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Figure 5: Percentage of option owners exercising all vested shares over time
Notes: The solid lines plot the percentage of option owners exercising all vested options in each given month. It is the
number of option owners who exercise at least the number of shares that have most recently vested, divided by the total
number of option owners still in the firm in that month.
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Figure 6: Cumulative fraction of exercised options by quitting owners
Notes: The horizontal axes are months relative to an option owner’s exit. Month 0 is the month of quitting; months with
negative indices are those preceding the quit; months with positive indices are those after the quit. For option owners
who quit, we track the cumulative number of options exercised as a fraction of total shares initially granted over time.
The solid lines plot the fractions averaged over quitting owners. The fractions do not reach 100% because some option
owners quit while still having unvested options, which revert to the firm immediately. The fractions remain unchanged
after month 3 because quitting owners can exercise vested options only within 90 days after they quit.
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Figure 7: Testing for reference points: distribution of quitting within contract and calendar years
Notes: The top panel plots the distribution of quitting time within a contract year, with the ending month of contract
years being month 0, and the sth month of contract years being month s. Each shaded (unshaded) bar shows the
fraction of option owners (non-owners) quitting in a given month among all owners (non-owners) who quit. Similarly,
the bottom panel is the distribution of quitting time within a calendar year.
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Figure 8: Testing for reference points: bunching estimates with month fixed effects
Notes: ∗Observed distribution of quitters (solid line) is conditional on potential reference point effects (hence the negative values in some parts
of the distribution). Potential reference points are February, May, June, September, and the first 3 months of a contract year. The horizontal axes
show months after option granting, with the grant date being the first day of month 0. The dashed lines show the counterfactual distributions,
estimated by fitting a flexible quintic polynomial. The shaded area indicates the affected range. The sizes of bunching, measured by excess mass
B∗, are reported at the top-left corner of each plot. The corresponding standard errors are in parentheses. Also reported are the expected number
of months an option owner is retained, E(T ). E(T ) for the first notch of Plan 2 (month 24) is not well defined due to the absence of bunching.
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Figure 9: Falsification test: absence of bunching for involuntary exits
Notes: The horizontal axes show months after option granting, with the grant date being the first day of month 0. The top, middle, and bottom
plots to bunching at the first, second, and third vesting dates for Plan 1. The solid lines in the plots are the observed number of option owners
who leave the firm involuntarily (e.g. fired or laid off) in each month as a fraction of all initial option owners. The dash-dotted lines are estimated
counterfactual distributions of quitting rates over time in the absence of options, estimated by fitting a flexible quintic polynomial (using data points
around the threshold, except those in the affected range). The shaded area indicates the affected range.
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Figure 10: Performance evaluation scores of option owners and non-owners
Notes: We restrict our sample to salaried option owners from 2004 to 2017, during which time performance scores are
available. Raw performance scores are numbers between 0 and 1 assigned quarterly by each employee’s director; the
scores plotted here are normalized by quarter and job level. The horizontal axes in the two top panels are months after
the granting date. These two panels plot the performance scores of option owners who stay (solid), quit (dashed), and
leave involuntarily (dash-dotted). The bottom-left panel plots the performance scores of all employees over calendar
time, including non-owners (solid with roundmarker) and the 3 types of options owners. The 95% confidence intervals
are in shaded in gray for all plots.
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Figure 11: Changes in performance evaluation scores before and after option vesting
Notes: We restrict our sample to salaried option owners from 2004 to 2017, during which time performance scores are
available. The horizontal axis shows months relative to option vesting (t = 0, indicated by the dashed vertical line).
The vertical axis shows normalized performance evaluation scores. Raw performance scores are numbers between 0
and 1, assigned quarterly by each employee’s director; the scores plotted here are normalized by quarter and job level,
and adjusted for seasonality. The figure is a binned scatter plot, which shows the average performance of employees
who are present in each month.
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Online Appendix for

Retention Effects of Employee Stock Options:

Evidence from Bunching at Vesting Dates

A Supplemental Backgrounds and Descriptive Statistics

A.1 Additional information on option granting

The timing of option grants. Figure A1 summarizes when the firm granted Plan 1 (gray) and

Plan 2 (white) options. The vertical axis represents the number of employees who received the

granted options in each batch. There are typically 2-4 grants in a calendar year, but the specific

timing of the grants does not follow any schedule and varies from year to year. We exploit the vari-

ation in the timing of option grants (within a calendar year) as part of our identification strategy.

Changes in the value of granted options. Figure A2 describes how the value of granted options

changed over time. The top figure plots the distribution of the ratio of “ex-post” value to the Black-

Scholes value (BSV) at the time of granting. The “ex-post” value of a batch of option is the BSV

when it was exercised, expired, or reverted to the firm. The median ratio is 5.48 for Plan 1 options

and 2.97 for Plan 2 options. This difference is at least partly driven by the fact that Plan 1 options

were granted early on when the firm was experiencing more rapid growth.

Another possible explanation for the difference is that Plan 1 and Plan 2 options are held for

different lengths of time. To account for this factor, we show calculate the annual growth rate of op-

tion values and plot its distribution in the bottom figure. Denote the ex-post value and the granting

value asBSVt andBSV0, respectively, the annual growth rate is defined as [(BSVt)/(BSV0)]
1/t−1.

The median growth rate is 81% for Plan 1 options and 25% for Plan 2 options.

Regardless of the plan, however, the options granted to the firm’s employees proved to be a

valuable asset. The vast majority of options not only appreciated in value, but they also saw sub-

stantial annual growth rates. Even for the small fraction of options with a negative growth rate
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Figure A1: Timing of option grants, by type of plan
Notes: The figure plots the timing and number of recipients of each batch of Plan 1 and Plan 2 options. Plan 1 options
were granted from 2000 to 2009, whereas Plan 2 options were granted from 2008 to 2011.
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at the time of exercise/expiration, their owners did not necessarily take a loss. This is because (i)

negative changes in the BSV did not imply that the options were under water, and (ii) the owners

were granted the options and did not purchase them at the market value.
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Figure A2: Changes in the value of granted options
Notes: Both the ratios of option values (panel A) and the growth rates (panel B) are unit-less. That is, a growth rate of
1 means the value appreciated by 100%.
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A.2 Additional information on turnovers at the firm

The turnover patterns of option owners Table A1 reports summary statistics on the turnover

pattern of option owners in the firm. Panel A reports the fractions of option owners who quit

during the sample period, 1999-2017. Among Plan 1 owners, 34.92% quit at some point; the figures

are very similar between option owners in lower-level positions and those in higher-level ones.

Plan 2 owners have higher turnover rates: the overall quit rate over the 18 years in the sample is

40.67%; lower-level owners are slightly less likely to quit (38.84%), while higher-level owners are

more likely to do so (41.21%).

Panel A. Turnover rates (overall and by level)
Plan 1 Plan 2

N Quit% N Quit%
All 1,574 26.99 1,214 31.90
Level 1-4 663 26.24 226 30.09
Level 5-10 804 25.62 932 32.73

Panel B. Survival function over time
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Table A1: Descriptive statistics on turnover patterns
Notes: Panel A reports the fraction of option owners who quit during the sample period, 1999-2017. Panel B plots the
survival function (the fraction of option owners who remained in the firm) 1-7 years after option granting.

Owners of the two types of options also quit at different rates over time. Plan 1 owners quit at a

stable annual rate of about 5% for most years. Plan 2 owners, on the other hand, have accelerating

quit rates two years after options are granted. Recall that Plan 2 optionswere granted starting 2008.
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Both the increased volatility in the stock market (which affects the option values) and the rapid

growth of the industry the firm is in could have contributed to the accelerated turnover of Plan 2

owners.

Comparison: turnover rates of owners and non-owners Table A2 compares the cumulative

turnover rates of option owners and non-owners at different job levels.

Cumulative turnover rate (%)

In 1 year In 3 years In 5 years

Non-owners Owners Non-owners Owners Non-owners Owners

Level 1 56.89 0.82 77.28 3.48 85.25 8.20
Level 2 17.41 0.00 42.38 0.52 58.44 1.39
Level 3 31.29 1.55 64.46 6.19 77.35 14.43
Level 4 31.80 3.21 64.92 16.04 77.05 24.60
Level 5 56.60 11.26 79.25 30.18 84.91 44.59
Level 6 68.18 6.25 90.91 23.75 90.91 40.00
Levels 7-10 40.00 0.00 86.67 21.21 86.67 39.39

Table A2: Cumulative turnover rates by option ownership and job level
Notes: Non-owners are employees who never received options during our sample period. The cumulative turnover
rate is defined as the fraction of employees that left the firm within s years of entry for non-owners, and within s years
of option granting for owners. The job levels for non-owners are their levels upon entry, whereas those for owners are
their levels when granted their first batch of options.
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B Supplemental Details on the Bunch Estimation

B.1 Bootstrapping the standard errors of B∗

We use a parametric bootstrapping method to calculate the standard errors of bunching, B̂∗.

We follow the notations in Section 3.2.

For each bootstrap sample k = 1, 2, . . . ,K, we follow these steps:

1. Draw with replacement a vector of random “errors” ν(k) from the empirical distribution of

the residuals from (1);

2. Generate a new vector of Q̂(k) = X ′θ̂∗ + ν(k), with X being the matrix of regressors in (1);

3. Re-estimate (1) on Q̂(k) to get θ̂(k) and B̂(k).

Finally, we calculate the sample standard deviation of B̂(k) and use it as an estimate of the

standard error of B̂∗:

σ̂B̂∗ =

√√√√ 1

K − 1

K∑
k=1

(
B̂(k) − ¯̂

B
)2

, (5)

where ¯̂
B = 1

K

∑K
k=1 B̂

(k) is the average of B̂(k) across the K bootstrap samples.
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B.2 Baseline estimates with larger samples

In light of the limited sample sizes issue in the main analysis, we use an alternative approach

to estimate the bunching effects. Instead of separately estimating the bunching behavior at each of

the three vesting dates, we pool data from all months and jointly estimate the bunching effects at

those three points. Doing so assumes that there is one single counterfactual distribution of quitting

times in the absence of options, as we discussed in the main text. The stronger assumption is the

cost of a moderate increase in the sample size.

We summarize the estimates for both plans in Figure A3. The baseline findings remain un-

changed: there is reduced quitting shortly before options vest and excess quitting afterward. In

addition, the estimated magnitude of the bunching effect is similar to that in our baseline analysis.

The bunching effects range from 0.69 to 0.83 percentage points for Plan 1 owners and from 0.11 to

1.26 for Plan 2 owners.
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Figure A3: Pooled estimation of bunching at all three notches
Notes: The horizontal axes show months after option granting, with the grant date being the first day of month 0. For
each option plan, we assume all months after the grant date share the same counterfactual distribution. The solid lines
trace out the observed distribution of quitters. The dashed lines show the counterfactual distributions. The shaded area
indicates the affected range. Sizes of bunching at the three vesting dates, measured by excess mass B∗, are reported at
the top-left corner of each plot. The corresponding standard errors are in parentheses. Also reported are the expected
number of months an option owner is retained, E(T ).
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B.3 Distribution of involuntary turnover of option owners

Figure A4 plots the raw distribution of involuntary exits by option owners, which is used in the

falsification test in Section 4.3.4.
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Figure A4: Monthly involuntary exit rates of option owners
Notes: The horizontal axis shows months after option granting, with the grant date being the first day of month 0.
Vesting dates are marked by dotted vertical lines. The vertical axes show monthly rates of involuntary separations (in
%). The solid lines plot the number of option owners who leave the firm involuntarily (e.g. fired or laid off) in each
month as a fraction of all initial option owners.
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C Supplemental Details on Benefit-Cost Analyses

C.1 Promotion patterns of option owners and non-owners

Table A3 compares the patterns of promotion among option owners and non-owners. The top

panel shows the average probability of being promoted. The bottom panel shows the average job

level in 3 and 5 years, respectively. The “average level” is a simple way to summarize the joint effect

of higher probabilities of promotion and bigger promotions (to higher levels).

The table shows that option owners aremore likely to be promoted. The only exceptions happen

among levels 6-10. The reasons are two-fold: (i) there isn’t asmuch room for promotion for higher-

level employees; and (ii) there are a small number of employees to begin with (see Table 1) and

even fewer 3-5 years later.

Pr(promoted in s years)

Starting s = 3 years s = 5 years

level Non-owners Owners Non-owners Owners

Level 1 34.38 73.95 48.57 75.38
Level 2 51.74 89.90 59.66 90.32
Level 3 65.97 95.16 86.30 96.07
Level 4 56.43 90.59 80.72 96.71
Level 5 31.03 69.94 44.44 83.69
Level 6 75.00 58.33 100.00 70.18
Levels 7-10 50.00 38.71 0.00 54.55

Job level s years later

Starting s = 3 years s = 5 years

level Non-owners Owners Non-owners Owners

Level 1 1.24 1.55 1.51 1.92
Level 2 2.32 2.55 2.62 3.08
Level 3 3.59 4.04 4.04 4.71
Level 4 4.37 4.78 4.83 5.25
Level 5 5.11 5.40 5.44 5.83
Level 6 6.00 6.45 7.00 6.82
Levels 7-10 8.00 7.86 8.00 8.19

Table A3: Promotion patterns by job level and option ownership
Notes: Non-owners are employees who never received options during our sample period. The job levels for non-owners
are their levels upon entry, whereas those for owners are their levels when granted their first batch of options. The top
panel shows the average probability of being promote; the bottom panel shows the simple average job levels in 3 and 5
years. A larger “average level” implies a greater probability of being promoted and/or promotions to higher levers.
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C.2 Calculating wage savings

When estimating option owners’ counterfactual wage, we first calculate the average monthly

wage growth rate of non-owners at the same job level in the same month, ḡt. We then extrapolate

option owner i’s counterfactual wage ŵit as

ŵit =


(1 + ḡt−1)ŵi,t−1, t = 1, 2, . . . ,min(Ti, 60)

wi0, t = 0.

(6)

That is, we start with the owner’s observed wage in the month when BBSO is granted (t = 0). We

assume a constant wage growth for the owner at the same rate as an otherwise similar non-owner.

We then continue until i leaves the firm (in month Ti) or month 60, whichever comes earlier.

Denote the observed and counterfactual wages of option owner i in month t as wit and ŵit,

respectively. The wage savings on owner i is then

Si =

min(Ti,60)∑
t=0

(ŵit − wit), (7)

where the monthly savings are summed up until either i quits (in month Ti) or t = 60, whichever

comes first.28

C.3 Calculating improved output

The first step of quantifying the value of improved output by option owners is to construct a

pecuniary measure of output, which is not easily available for firms in the service sector. We start

by regressing non-owner wages on their performance scores, along with employee age, education

attainment, work experience, type and level of job, and year-month fixed effects. Then we take

the estimated coefficients to predict owner i’s “fair wages,” ŷit. Finally, we take the difference

between the fair wage ŷit of option-owners and the average wage of similar non-owners, ȳt. The

28We cap the summation at t = 60 to avoid extrapolating over too long a horizon.
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improvement in productivity of option owner i as a result of receiving BBSO is then measured by

Pi =

Ti∑
t=0

(ŷit − ȳt). (8)

C.4 Calculating retention benefits

The lower-bound measure of retention benefits, BL
i , is defined as

BL
i = 1{Ti ∈ [z∗, z∗ + z∗+]} ×

Ti∑
t=z∗−z∗−

ȳit. (9)

where only option owners who quit between [z∗, z∗ + z∗+] (after a vesting date and within the

affected range) are considered, and only their output within the affected range is accounted for.

Because a quitting option owner might have quit any time in the absence of vesting dates, we

consider the additional output during her extended stay as part of the firm’s retention benefit.

Hence we sum the owner’s output from the beginning of the affected range until the actual time

of quitting.

We also propose an upper-bound measure of the retention benefit, BU
i :

BU
i = 1{Ti ∈ [z∗, z∗ + z∗+]} ×

Ti∑
t=z∗−z∗−

ȳit + 1{Retained} × 1{Exercised x%} ×

(
Ti∑

t=zx

ȳit

)
, (10)

where1{Retained} is an indicator that i is retained throughout the entire sample period, 1{Exercised x%}

is an indicator that i has exercised at least x% of her newly vested options since the most recent

vesting date, and zx is the point in time that she reaches the x% threshold.29 The rationale for this

measure is that exercising large fractions of vested options is a signal for the intention to leave the

firm, as shown in Figure 6. We count the output from that point onward into the firm’s retention

benefit, because the option owner could quit at any time now (after the intention to leave emerges).

It is the vested but not yet exercised options that are keeping her in the firm and generating out-

29If an option owner never exercised more than x% of her vested options, then her output is not accounted for in this
measure of retention benefits.
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put as a result. In light of the empirical patterns of option exercising before quitting, we set the

threshold at 70% (i.e., x = 70). The benefit-cost analysis results are robust to alternative choices of

x.

C.5 Additional details on the benefit-cost comparison

Table A4 provides amore detailed version of Table 7, with finer breakdowns by job level. Levels

7-10 are still grouped together due to the small number of observations.
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Benefits and cost (in $1,000) Benefit-to-cost ratio
Wage Retention benefits Wage Retention benefits Total benefits

Cost savings Min. Max. savings Min. Max. Min. Max.
(1) (2) (3a) (3b) (2)

(1)
(3a)
(1)

(3b)
(1)

(2)+(3a)
(1)

(2)+(3b)
(1)

Panel A. Plan 1
All 317.26 51.10 170.35 362.43 0.98 1.35 3.61 2.33 4.59
Level 1 114.78 55.49 -6.38 69.33 0.80 -0.13 1.31 0.67 2.11
Level 2 45.98 137.53 15.15 195.35 7.04 0.89 7.92 7.93 14.96
Level 3 66.77 149.60 77.77 253.51 2.94 1.30 4.75 4.24 7.69
Level 4 111.76 108.47 98.47 294.95 1.50 1.46 4.67 2.96 6.17
Level 5 238.82 1.04 116.77 276.91 -0.01 1.11 2.73 1.10 2.72
Level 6 298.62 14.27 223.59 409.45 0.12 1.57 2.97 1.69 3.09
Levels 7-10 1183.80 -10.63 446.12 734.49 -0.09 1.53 2.58 1.45 2.49

Panel B. Plan 2
All 538.72 82.98 124.52 487.77 0.70 0.38 2.57 1.08 3.27
Level 1 57.95 223.56 -67.07 73.46 5.10 -1.69 2.21 3.41 7.32
Level 2 76.66 188.19 -55.49 107.23 3.10 -1.33 2.22 1.77 5.32
Level 3 116.46 392.78 -78.95 255.88 4.51 -0.95 3.73 3.56 8.24
Level 4 192.00 384.80 18.55 422.53 4.02 0.14 5.37 4.16 9.39
Level 5 414.62 121.27 80.69 432.24 0.31 0.52 2.89 0.83 3.20
Level 6 436.16 0.44 111.43 494.02 0.00 0.48 2.11 0.48 2.11
Levels 7-10 1281.00 -26.54 355.69 745.01 -0.08 0.82 1.78 0.74 1.71

Table A4: Benefit-cost analysis by job level
Notes: The left half of the table reports the benefits and costs estimates in thousand RMB yuan. “Cost” (1) is the average cost of granting BBSO to
an employee. “Wage savings” (2) are the average estimatedwage savings on the employee. (3a) and (3b) are the lower- and upper-bound estimates
of the retention benefits, respectively. The right half of the table reports ratios of BBSO benefits (by type and in total) to the granting cost.
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