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Abstract

Employee Stock Options (ESO) are a form of compensation given to employees in the form of
shares that can be purchased within a specified period. In ESO assessment, the Black-Scholes
model assumes that employees remain employed until the option reaches maturity, thus not
including the factor of employees leaving the company before the options can be exercised.
This study aims to determine the value of Employee Stock Options (ESO) by adding a
constant exit rate factor. This research uses a historical data-based approach by utilizing the
closing price of BANK XYZ shares and the yield on 5-year Indonesian government bonds
(Indonesia 5-Year Government Bond Yield) during the January–December 2025 period. The
closing price on January 2, 2025 is used as the initial reference for the stock price parameter
in the model calculation. The difference between the standard Black-Scholes value and the
ESO value becomes more apparent as the maturity period lengthens because the survival
probability decreases. By adding a constant exit rate factor, the model can account for the
possibility of employees leaving before maturity, which is not considered in the standard
Black-Scholes model.
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1. Introduction
Banking companies currently face intense competition due to advances in financial technology
and highly dynamic market changes. The quality of human resources is a crucial asset for a
company to thrive in an increasingly competitive market [1]. Employees with superior skills
and competencies will make significant contributions to the company. Therefore, a company
must create incentives that can retain talented employees and prevent them from leaving [2, 3].
One type of incentive that is widely used is the provision of employee stock options (ESO) or
Employee Stock Options which provide stock options to employees with a long-term vision that
has been determined by the company [4, 5]. ESO gives employees the right to purchase company
shares at a predetermined price as a token of appreciation for their hard work. This strategy
allows companies to boost work motivation and reduce the risk of employee resignation [2].
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ESO is a stock-based compensation that gives employees the right to acquire company shares
after a waiting period (vesting period), without requiring employees to exercise if the market
situation is unfavorable [6]. In banking companies, ESO is used by companies to retain employees
who have superior competencies in the company [7]. However, option rights can be lost if
the employee resigns before the option reaches maturity. This situation creates challenges for
companies in determining the accurate fair value of ESO [6, 8]. Failure to adjust for resignation
factors can result in overestimated or undervalued option values. The risk of employees resigning
before the option maturity must be taken into account in the ESO valuation [9, 10].

Assessing ESO requires a valuation method that can more accurately describe its characteris-
tics. The Black-Scholes model is the most frequently used method for valuing ESO because it
takes into account the current stock price, volatility, risk-free interest rate, and maturity duration
[11, 12]. In banking firms, the Black-Scholes model is used as an initial method for estimating
the value of options related to stock-based compensation. However, the Black-Scholes model
is designed only for options traded in public markets, with assumptions that are not entirely
relevant to ESO [13]. The Black-Scholes model does not consider the vesting period, employee
exercise behavior, and forfeiture risk due to resignation, so the fair value estimate is not accurate
if applied directly to ESO [12]. These limitations require modifications to the model that can
accommodate behavioral factors of employee resignations.

According to Kladivko and Zervos [14], Stock option valuations need to consider resignation
risk, as this factor can cause the option to be exercised early or forfeited before maturity. The
risk of ESO forfeiture not only affects the determination of fair value but also impacts the
determination of the fair value of the option. If an employee resigns before reaching the option
maturity, the rights to the options granted are assumed to have lapsed [9]. Therefore, the
employee resignation rate is modeled using a constant exit rate [15]. This approach assumes that
the chance of an employee leaving the company until maturity is reached is a risk that is taken
into account in the ESO assessment.

Based on the problems and shortcomings of previous research [14, 16] an employee behavioral
approach is needed in the stock option valuation process. Therefore, this study aims to calculate
the fair value of ESO by modifying the Black-Scholes model with adjustments for employee
resignation risk using a constant exit rate approach. In this method, employee exit is modeled
with a constant exit rate, so that the employee’s chance of resigning is assumed to remain
constant throughout the period until maturity [17]. This approach assumes that the employee’s
chance of leaving the company before maturity is considered as an employee exit risk in the ESO
assessment.

2. Methods
The data used in this study consist of daily stock price data obtained from Yahoo Finance and
historical data on the 5-year Indonesian government bond yield (Indonesia 5-Year Government
Bond Yield). The stock data comprise the daily closing prices of BANK XYZ shares during
the January–December 2025 period. The closing stock price on January 2, 2025, amounting
to 9,900, is used as the initial stock price parameter (S) in the model calculation. This date
serves only as the initial reference for the stock price parameter and not as the valuation date
for directly determining the market value. In addition, a strike price of 9,900 is assumed using
an at-the-money approach, in which the strike price is set approximately equal to the stock price
during the assessment period.

Daily stock price data for the January–December 2025 period are used to calculate daily stock
returns and estimate stock price volatility. Meanwhile, historical data on the 5-year Indonesian
government bond yield over the same period are used to determine the risk-free interest rate,
calculated as the average daily yield during the observation period. These historical data are used
to estimate the model parameters, including the initial stock price, strike price, stock volatility,
and risk-free interest rate. The estimated parameters are subsequently used as inputs in the
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calculation of Employee Stock Option (ESO) value using the modified Black–Scholes model,
which incorporates an exit rate factor.

2.1. Research Data and Parameters
This research utilizes a literature review focused on analyzing conceptual ideas and theories
through scientific reference sources. The literature was obtained from various references relevant
to the research topic, including the Black-Scholes model and stock option valuation. This study
aims to determine the value of European-type stock options by developing Black-Scholes models
with the assumption of a constant exit rate as a form of adjustment to real conditions in the
company. The data used in this study is secondary data, which includes closing prices obtained
from Yahoo Finance sources, as well as data on 5-year Indonesian government bond yields
(Indonesia 5-Year Government Bond Yield) for the period January – December 2025 as a proxy
for the risk-free interest rate, as a parameter in the calculation of the modified Black-Scholes
model. The variables and parameters used in this study are presented in Table 1.

Table 1: Parameter Description
Parameter Description

S Stock Price
K Strike Price
T Time To Maturity
r Risk-Free Interest Rate
σ Volatility
λ Exit Rate

P (T ) Survival Probability
d1 Black-Scholes Parameter
d2 Black-Scholes Parameter

VESO Employee Stock Option Value
VBS Black-Scholes Option Value

Based on the above parameters, data processing is performed to calculate stock returns and
volatility. Stock returns are calculated using the log-return method stated in Eq. (1)

Rt = ln
(︃

St

St−1

)︃
(1)

where St and St−1 are the closing prices of the stock on day t and the previous day. Stock
volatility is calculated using the standard deviation of daily returns as stated in Eq. (2)

σdaily =

⌜⃓⃓⎷ 1
n − 1

n∑︂
i=1

(︂
Ri − R̄

)︂2
(2)

Then the annual volatility is given which is used in the Black-Scholes model expressed in Eq. (3)
σ =

√
252 σdaily (3)

Assuming there are 252 trading days in a year, the approach states that the volatility
calculation accurately represents stock price risk. In this research, the concept of the exit rate
which is modeled as a hazard rate is assumed to have a constant value during the maturity period,
so that the employee’s chance of resigning from the company is assumed to remain constant
during that period. With the employee resignation risk factor, assuming a constant exit rate λ
during the maturity period in Eq. (4)

λ = constant (4)
The model assumes that the probability of employees resigning from the company is constant
during the maturity period.
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2.2. Black-Scholes Model
The Black-Scholes model assumes that stock prices follow a stochastic process known as Geometric
Brownian Motion (GBM). This model is used for stock price changes that are unstable but have
a certain trend, which is stated in Eq. (5)

dS = µS dt + σS dBt (5)

By applying the risk-free portfolio approach (hedging argument), the Black-Scholes partial
differential equation is obtained, which is stated in Eq. (6)

∂V

∂t
+ 1

2σ2S2 ∂2V

∂S2 + rS
∂V

∂S
− rV = 0 (6)

This equation describes the relationship between the option value, stock price, and time. For
European type call options, the Black-Scholes equation is stated in Eq. (7)

VBS = SN(d1) − Ke−r(T −t)N(d2) (7)

The parameters d1 and d2 used in Eq. (7) are defined in equations (8) and (9)

d1 =
ln

(︂
S
K

)︂
+

(︂
r + 1

2σ2
)︂

(T − t)
σ

√
T − t

(8)

and
d2 = d1 − σ

√
T − t (9)

In the Black-Scholes framework, the value of a European call option depends on the current
stock price, strike price, risk-free interest rate, volatility, and time to maturity. The cumulative
standard normal distribution function N(·) represents the risk-neutral probability that the option
will finish in the money at maturity.

2.3. Black-Scholes Model with Constant Exit Rate
The Black-Scholes model basically does not consider the risk of losing option rights due to
employee resignation before the option reaches maturity. In ESO, this condition is relevant
because not all employees survive until the option rights can be exercised. In this study, the exit
rate λ value used was not obtained from employee turnover data, but was used as a scenario to
analyze the effect of the exit rate on the ESO value. The exit rate values used are 0.10, 0.15,
0.20, and 0.25. Use of these values to see changes in ESO values when employee turnover rates
differ. In this study, the exit rate value in this study is a value used for analysis purposes and
is not the result of calculating employee turnover in a company. The Black-Scholes model was
developed by including a constant exit rate factor denoted by λ , which is the probability of an
employee leaving the company during the period used in the model. With the probability of
employee continuity up to time T expressed through the survival function in Eq. (10)

P (T ) = e−λT (10)

The survival function comes from the survival analysis approach, where the probability of an
exit rate risk is expressed in exponential form based on the hazard rate constant (λ). In this
study, employees who leave before reaching the option maturity are assumed to lose the right
to exercise the option. Therefore, the option value needs to be adjusted to the possibility of
the employee remaining employed until maturity is reached. The survival probability factor is
used to describe the chances of employees surviving until maturity so that option rights can still
be used. By combining the Black-Scholes option value with survival probability, we obtain an
employee stock option valuation model which is stated in Eq. (11)

Permadi Yulianto 2305



Modified Black-Scholes Model for Valuing Employee Stock Options

VESO = e−λT
[︂
SN(d1) − Ke−rT N(d2)

]︂
(11)

The model shows that the value of employee stock options is influenced by both the market
price and the probability of the employee remaining until maturity. An increase in the exit rate
will decrease the probability of employees remaining, thus reducing the chance of options being
exercised and decreasing the option value of ESO.

In this study, the vesting period and maturity are distinguished. In this model, T is used as
the option maturity in the Black-Scholes calculation. The vesting period is the time an employee
must pass before the option can be exercised, while the maturity period is the time limit for the
option to be valid. If an employee leaves the company before maturity, the options are considered
to have lapsed (forfeiture).

In this study, the assumption of forfeiture applies if an employee leaves after the vesting
period has completed but before the option reaches maturity. This is because the risk of employee
departure is calculated from the option period until maturity. Therefore, employees who leave
the company before maturity are considered to have forfeited their rights to the option (complete
forfeiture). This study does not account for early exercise of options and dividends. Options
are also assumed to be non-transferable. Furthermore, employee departures are assumed to be
unaffected by changes in stock prices.

Sensitivity analysis was performed only on changes in the exit rate. This is because this
study focused solely on the effect of employee exit risk on the ESO value. Meanwhile, other
parameters such as stock price, strike price, volatility, and the risk-free interest rate were held
constant so that changes in option value could reflect the effect of changes in the exit rate.

In this study, the dividend factor is not included in the calculation because this study focuses
on the effect of the exit rate on the ESO value. In addition, the research model assumes that
options cannot be transferred to other parties and that employees do not exercise the options
before maturity (early exercise). And employee behavior such as the level of caution towards risk
(risk aversion) has also not been considered in this study.

The entire calculation process in this study uses Microsoft Excel with parameters in the
form of stock price, execution price (strike price), volatility, risk-free interest rate, maturity
time, and exit rate. The calculation is carried out in stages by starting to calculate the value
on Black-Scholes, survival probability, until obtaining the ESO value after adding the exit rate
factor.

3. Results and Discussion
This chapter presents the results of data processing and calculations using the modified Black-
Scholes model with a constant exit rate. The results are analyzed to examine the effect of a
constant exit rate on the value of Employee Stock Options (ESO) by comparing them with the
standard Black-Scholes model.

3.1. Employee Stock Options
In this study, employee stock options (ESO) use the Black-Scholes model which adds a constant
exit rate factor. This study uses a retrospective scenario analysis approach by utilizing historical
data on the closing price of BANK XYZ shares during the period January–December 2025 obtained
from Yahoo Finance sources. In addition, the yield data of 5-year Indonesian government bonds
during 2025 is used as a risk-free interest rate parameter in the calculation of the modified
Black-Scholes model.

In the first stage, calculate the daily stock return using the log-return equation stated in
equation (1). Based on the data processing, both positive and negative daily returns were
obtained, indicating fluctuations in stock prices during the observation period from January to
December 2025. The results of the daily stock return calculations are shown in Figure 1.
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Fig. 1: Daily Stock Return of BANK XYZ

From the calculation of the daily return of BANK XYZ shares, The mean daily return was
-0.0006, or -0.06%, indicating a negative average daily return during the observation period.
Meanwhile, Equation (2) yields a daily return standard deviation of 0.018183. The annual
volatility calculated using Equation (3) is 0.288651. This value indicates the level of stock price
fluctuation, a parameter in the Black-Scholes model that will be modified.

Furthermore, the risk-free interest rate uses data on 5-year Indonesian government bond
yields for 2025, as follows:

r = 0.061593.

The complete model parameters are presented in Table 2.

Table 2: Model Parameters

Parameter Value

S 9.900
K 9.900
T 1,2,3,4,5
r 0.061593
σ 0.288651
λ 0.10; 0.15; 0.20; 0.25
P (T ) e−λT

The parameter values in Table 2 form the basis for calculating Employee Stock Options
(ESO). The maturity period (time to maturity) used is 1 to 5 years to see changes in option
value over different periods. To calculate the survival probability, this study assumes a constant
exit rate of λ = 0.10, 0.15, 0.20, 0.25. Each exit rate value is used to see the effect of employee
exit rates on ESO values at different time periods.

Table 3: Black-Scholes Option Values
T VBS

1 1422.66
2 2149.17
3 2742.42
4 3257.87
5 3717.83

Table 3 shows that the Black-Scholes value tends to increase with increasing maturity. At T
= 1 year, the option value is 1422.66, then increases to 3717.83 when T = 5 years. This shows
that the longer the expiration time of the option, the greater the change in stock prices which
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can affect the increase in the option value. This value will be used in the Employee Stock Option
calculation which takes into account Survival Probability with various constant exit rates.

Table 4: Survival Probability

T λ = 0.10 λ = 0.15 λ = 0.20 λ = 0.25

1 0.90484 0.86071 0.81873 0.77880
2 0.81873 0.74082 0.67032 0.60653
3 0.74082 0.63763 0.54881 0.47237
4 0.67032 0.54881 0.44933 0.36788
5 0.60653 0.47237 0.36788 0.28650

In Table 4, the survival probability calculation shows a decrease with increasing maturity and
increasing exit rate (λ) value. The survival probability at an exit rate of λ = 0.10 is much higher
than the exit rate values of λ = 0.15, λ = 0.20 and λ = 0.25. This shows that the greater the
exit rate, the smaller the chance of employees remaining until the option maturity. In addition,
increasing time to maturity causes the survival probability value to decrease. This shows that the
longer the maturity period, the less likely an employee is to remain until the option is exercised.
As a result, the employee’s chances of receiving the granted stock options are also lower.

Table 5: Employee Stock Option Values
T λ = 0.10 λ = 0.15 λ = 0.20 λ = 0.25
1 1287.28 1224.49 1164.78 1107.97
2 1759.59 1592.14 1440.63 1303.54
3 2031.63 1748.64 1505.07 1295.43
4 2183.82 1787.96 1463.86 1198.50
5 2254.83 1756.18 1367.71 1065.18

Table 5 shows the ESO value for each exit rate. At an exit rate of λ = 0.10, the ESO value
increases as the time to maturity increases, from 1287.28 at T = 1 to 2254.83 at T = 5. This
indicates a lower level of risk of employee exit so that the influence of the maturity time is still
greater on the value of the option which experiences an increase.

At an exit rate of λ = 0.15, the ESO value increased from 1224.49 at T = 1 to 1787.96 at T =
4. However, at T = 5 the ESO value decreased to 1756.18. This condition shows that increasing
the maturity period does not always cause the option value to increase, because the greater risk
of employee departure can reduce the possibility of employees retaining their option rights until
the maturity period.

At an exit rate of λ = 0.20, the ESO value increases from 1164.78 at T = 1 to 1505.07 at T
= 3. After that, the ESO value decreases to 1463.86 at T = 4 and decreases again to 1367.71
at T = 5. At an exit rate of λ = 0.25, the ESO value increases to a maximum of 1303.54 at T
= 2. After that, the ESO value decreases to 1295.43 at T = 3 and 1198.50 at T = 4, and then
decreases to 1065.18 at T = 5.

These results show that the greater the exit rate value, the greater the influence of the risk of
employee leaving on the ESO value. At an exit rate of λ = 0.10, increasing the time to maturity
still has a positive effect on the option value because employees still have a greater chance of
remaining until maturity. However, when the exit rate is λ = 0.15, λ = 0.20, or λ = 0.25, the
increase in option value becomes smaller because the risk of employees leaving becomes greater.
Additionally, although a longer time to maturity may increase the option value, the value may
decrease when the probability of employees remaining with the company becomes sufficiently
low. This condition shows that there is an influence between the increase in the maturity period
and the risk of employee turnover in determining the ESO value.

The calculation results show that increasing the maturity date does not always increase
the ESO value for each exit rate. At low exit rates, increasing the maturity date still has a
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positive effect on option value because employees have more time to remain and exercise their
options. However, at higher exit rates, increasing the maturity date also increases the likelihood
of employees leaving the company before the options can be exercised. Therefore, the ESO value
does not always increase and may decrease over time.

Fig. 2: Employee Stock Option Value Under Different Constant Exit Rates

Figure 2 shows that the ESO value has a different pattern at each exit rate level. At an exit
rate of λ = 0.10, the ESO value continues to increase as maturity increases. At λ = 0.15, the
ESO value increases until T = 4, then decreases at T = 5. At λ = 0.20, the ESO value increases
until T = 3, then decreases until T = 5. Meanwhile, at λ = 0.25, the ESO value increases until
T = 2, then decreases until T = 5. This shows that the effect of maturity on the ESO value is
different at each exit rate level.

Table 6: Percentage Decrease in ESO Value against Standard Black-Scholes

T λ = 0.10 λ = 0.15 λ = 0.20 λ = 0.25

1 9.52% 13.93% 18.13% 22.12%
2 18.13% 25.92% 32.97% 39.35%
3 25.92% 36.24% 45.12% 52.76%
4 32.97% 45.12% 55.07% 63.21%
5 39.35% 52.76% 63.21% 71.35%

Table 6 shows that adding the exit rate factor decreases the ESO value compared to the
standard Black-Scholes value. The amount of the decrease depends on the exit rate value used.
The greater the exit rate value, the greater the decrease in the ESO value. This shows that the
higher the possibility of an employee leaving the company, the smaller the opportunity for the
employee to retain their option rights until they reach maturity. In addition, the longer the time
to maturity, the greater the influence of the risk of employee departure on the ESO value.

4. Conclusion
This study applies the Black-Scholes model with survival probability adjustments to determine
Employee Stock Options (ESO) by assuming a constant exit rate. The approach used focuses
on calculating the likelihood of employees resigning from the company before reaching option
maturity, but takes into account the employee’s chances of remaining until the option can be
exercised.
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The results of the calculations show that the survival probability value will decrease with
increasing maturity time. Employee Stock Option values show different changes at each exit rate
and maturity level. The greater the exit rate value, the lower the ESO value obtained because
the employee’s chances of remaining until maturity are smaller. At an exit rate of 0.10, the ESO
value continues to increase from T = 1 to T = 5. At an exit rate of 0.15, the ESO value increases
to T = 4, then decreases at T = 5. At an exit rate of 0.20, the ESO value increases to T = 3,
while at an exit rate of 0.25 the ESO value increases to T = 2 and then decreases.

The effect of maturity on ESO values shows different patterns at different exit rates. At
low exit rates, increasing maturity tends to increase ESO values. However, at higher exit rates,
increasing maturity does not always increase ESO values due to the increased likelihood of
employees leaving before reaching maturity.

The main contribution of this research is by adding the risk factor of employee exit through
survival probability in ESO research with the Black-Scholes model. This approach can be used
to examine the impact of employee turnover risk on ESO values. However, the results of this
study are still limited by the assumption of a constant exit rate used in the study calculations.

This study still has limitations, the use of the exit rate value in this study is still an assumption
or only a scenario to see the effect of employee departure on the ESO value, so it does not yet
describe the actual condition of employee turnover in the company. In addition, this study has
not considered other factors such as early exercise of options, dividends, and the influence of
changes in model parameters such as volatility, stock price, strike price, and risk-free interest
rate. Therefore, further research is expected to use actual employee turnover data and consider
other factors that can influence the ESO value so that the valuation results are more in line with
the actual facts.
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