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This study explores the Employee Stock Option (ESO) model proposed by Liao and Lyuu,
which provides a robust framework for addressing critical factors such as dilution, early
exercise, and employee forfeiture rates. The model is solved using the trinomial tree
method, allowing for the consideration of three possible stock price movements: increase,
unchanged, or decrease. This approach combines forward and backward calculations to
accurately evaluate ESO values by accounting for the complex interactions of these
parameters. Dilution effects are modeled by adjusting stock prices based on outstanding
shares and strike prices, while early exercise probabilities are addressed using a modified
Chi-Square distribution to represent employee behavior. Additionally, the forfeiture rate
is dynamically adjusted based on ESO returns and the ratio of stock-to-strike prices. The
analysis reveals that ESO price negatively correlates with strike price and forfeiture rate,
whereas parameters such as vesting time, maturity date, risk-free rate, volatility, and the
number of ESOs granted exhibit positive correlations. This comprehensive methodology
demonstrates the practical applicability of the Liao and Lyuu model for real-world ESO
valuation. By integrating these critical factors into a unified framework, the study
contributes significantly to the literature on financial modeling and provides actionable
insights for companies seeking to optimize their ESO programs.
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1. INTRODUCTION

To compete among competitors, it is necessary for companies to issue policies to enhance the quality
of their employees' work. Companies need to take action in retaining their employees. Employees as vital
human resources determine the competitiveness of the company. Companies could provide compensation
beyond basic salary and bonuses to encourage employees to work to their fullest potential. The compensation
provided by companies comes in various forms, such as bonuses, allowances, incentives, and stocks.
Employee stock option programs, commonly known as Employee Stock Options (ESOs), are one form of
compensation provided by companies [1].

Essentially, stock options represent a contract between an option seller (option writer) and an option
buyer (option holder). This contract grants the holder the right to sell or buy stocks at or before a certain date
at an agreed-upon price [2]. Options are highly beneficial in managing financial risks as they can be utilized
to establish minimum and maximum limits for asset prices. By setting these limit prices, the possibility of
asset price fluctuations at specified times can be addressed [3]. Options, based on their function, can be
categorized into two types: put options and call options. A call option is a contract that grants the holder the
right to buy an asset at a predetermined price, which can be exercised within a pre-agreed-upon period.
Conversely, a put option is a type of contract that grants the holder the right to sell an asset at an agreed-upon
price within a predetermined timeframe [4].

Employee stock options belong to the type of call options given free of charge by a company to certain
employees. ESOs grant the right to purchase a portion of the company's stock at an agreed-upon price at the
time the options are granted [5]. Employee, the owner of ESOs could not trade their ESOs to the others. This
is what makes ESOs different from other options or common stocks. ESOs also have a vesting period,
allowing employees to exercise the option only after the vesting period is over [6]. If an employee leaves the
company during the vesting period, the ESOs are canceled. The options will be exercised if they are in the
money. ESOs are considered worthless if they are out of the money when an employee leaves the company
after the vesting period [7]. Several characteristics of ESOs are early exercises, forfeiture rate, CEO utility
maximization, and firm credit risks [8].

Early exercise is assumed to occur when the market price of the stock reaches at least a multiple of M
(the employee position ratio) from the strike price. Typically, employees holding top management positions
will have a higher value of M compared to mid-level management positions. Furthermore, the rules for
determining ESO are established using the assumption that options can only be exercised after the vesting
period; and options will be exercised if the market price of the stock reaches at least a multiple of M from the
strike price [9].

Even though every position has different M value, there is M such that the option price is maximum
[10]. Another assumption for early exercise is employees tend to exercise the option exactly when the ESO
is vested. After that, the ratio decreases over time and increases again when it is close to maturity date [11].

Most companies prefer to buy existing shares to issue employee stock options. This is because the
process of issuing ESOs through new shares is challenging. Executing ESOs can result in an increase in the
number of shares outstanding in the market. When the total number of shares in the market increases, the
proportion of ownership held by existing shareholders decreases. The dilution effect is the adjustment of
stock prices caused by exercised ESOs having a different value from the stock price at that time [8]. Valuing
ESOs affected by dilution could use Black-Scholes method [12].

The assumption of a constant forfeiture rate for employees throughout time is highly unrealistic.
Adjusting the option value is needed by considering the possibility that employees will leave the company
before ESOs vested is lower than after ESOs vested. To estimate the likelihood of employees leaving the
company, we can use the Poisson distribution [13]. Another way to make this parameter reliable is to adjust
the forfeiture rate based on the value of ESO.

Previous studies have shown how to value ESO using binomial method and include the effect of
dilution, early exercise, and forfeiture rate. However, the binomial steps do not accommodate for stocks price
to remain unchanged. The trinomial method accommodates this situation and makes the model to be more
realistic. Recent studies have shown trinomial method could be used to valuing ESO affected by dilution [14].
Moreover, trinomial methods converge faster than binomial method [15].
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Based on the results of previous studies, no studies have developed a trinomial model that includes the
effect of dilution, early exercise, and forfeiture rate. In this study, we build upon the ESO model proposed by
Liao and Lyuu, which integrates dilution effects, early exercise behavior, and forfeiture rates into a unified
framework [11]. Liao and Lyuu’s model provides a detailed representation of ESO dynamics, but it was
initially developed using a theoretical approach without incorporating the computational advantages of the
trinomial method. Unlike Liao and Lyuu’s work, which focuses on theoretical parameter exploration, this
research applies the trinomial tree method to extend their model. The trinomial approach allows for more
realistic stock price movements by considering three potential outcomes in each time step: increase,
unchanged, or decrease.

A key distinction in this study is the application of the trinomial method to enhance computational
efficiency and model realism. By simulating a range of ESO parameters under various scenarios, this research
demonstrates how the trinomial approach converges more rapidly and provides greater accuracy than
traditional binomial methods. Additionally, this work introduces dynamic adjustments to forfeiture rates
based on stock performance, a feature not fully explored in Liao and Lyuu’s original model.

This paper aims to fill a significant gap in ESO valuation by presenting a computationally efficient and
realistic framework for pricing ESOs while maintaining consistency with established theoretical foundations.
By addressing the practical complexities of ESO valuation, this study offers valuable insights for both
academic research and corporate decision-making.

2. RESEARCH METHODS

2.1 Trinomial Method

The research applies the trinomial tree method to evaluate Employee Stock Options (ESOs), building
on the framework proposed by Liao and Lyuu. The trinomial tree approach is chosen because it incorporates
three potential stock price movements in each time step: upward, unchanged, or downward. This feature
improves upon the binomial model, which only considers upward and downward movements, making the
trinomial method more realistic for financial modeling. The probabilities of the stock increasing, remaining
unchanged, and decreasing are denoted by p,,, P, and p,. The calculation of probabilities using the trinomial
method requires stretch coefficients (4), standard deviation (o), and the average rate of return (r). The
probability parameters formulation in the Kamrad-Ritchken trinomial model is as follows [16]:

u = ela\/A_t (1)
1
d = - (2)
0'2 \/—
) ®
w22 . 20
Pm = 1 _ﬁ (4)
Pa =1—py—DPm (5)

For enhanced realism, the stretch parameter (1) is set to /3, increasing the likelihood of no price
movement compared to standard methods. These probabilities ensure that the trinomial model accurately
reflects market dynamics and converges efficiently [9]. Consequently, the following formulas are obtained:

U = proV3ht (6)
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Suppose an option has a lifespan of [0, T], then it assumed that the current price is Sy o. So, at time T,
when the stock price rises to S, ou with a probability of p,,, where S ou is the result of multiplying the initial
stock price by the upward movement factor. Conversely, the stock price falls at the time T to S, od with a
probability of p,, where Sy od is the result of multiplying the initial stock price by the downward movement
factor. Meanwhile, when the stock price remains constant at time T with a probability of p,,, it will have the
same value as the initial stock price [17]. The following Figure 1 is an illustration of a one-step Trinomial
tree:

SooU
Pu
Pm

SU 0 —> SO 0
Dq

So,0d

Figure 1. lllustration One-Step Trinomial Tree

The stock price is determined by dividing the time interval into several sub-intervals. After i-th period,
there will be j = 2i + 1 possible stock price outcomes due to price fluctuations. The initial stock price is
denoted by S, o. The stock price in the i-th period with state j is defined as follows:

Si,j = SO_Ouidj (10)

As an illustration, a three-steps trinomial tree is depicted in Figure 2:

Figure 2. lllustration Three-Steps Trinomial Tree

Figure 2 shows the mechanism of trinomial tree. The initial stock price is S, . After one step, the stock
price has three possibilities. The stock price will change to Sy gu, Sy od, or remain the same. From each point,
the next step is also the same. The price will increase, decrease, or remain the same. Hence, there will be
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three points after one time-step and five points after two time-step. The rest will follow the previous
mechanism. After n steps, there will be 2n + 1 points.

2.2 Dilution Effect

The dilution effect is modeled by adjusting stock prices when ESOs are exercised. The adjustment
accounts for the increased number of shares outstanding and reflects this change in the valuation. The post-
dilution stock price is calculated as a weighted average based on the number of existing shares (w), the
number of ESOs granted (8), the strike price (K), and the stock price at time i and state j (Sl-,j). Ifitis assumed
that all Employee Stock Options (ESOs) are executed at a certain point or not executed at all, then the post-
dilution stock price is the weighted average of w shares outstanding with S; ; price and 6 shares resulted from
ESO with K price [9].
a)Si,j + 6K

The stock price after affected by the dilution effect = oy
W

(11)

2.3 Early Exercise Effect

The exercise rate of Employee Stock Options (ESOs) cannot be assumed to be the same at all points
in time. Exercise rates are high in the early periods after the vesting time (s) then it will decrease and increase
again as the maturity date (T) approaches. Early exercise is modeled using a modified Chi-Square
distribution, which captures the likelihood of employees exercising their options before maturity. This
distribution accounts for the time elapsed since vesting and the relationship between stock price and strike
price.

2.4 Employee Forfeiture Effect

Employee forfeiture could be influenced by Employee Stock Options (ESOs). When ESOs are still in
the vesting period, employees are less likely to leave the company because the benefits of ESOs can only be
realized after the vesting period. Let g represent the employee forfeiture rate in all periods. When the options
are in the money, employees are more likely to exercise their ESOs. Therefore, the employee forfeiture rate
tends to increase to (q + R,,)At. However, when the option returns are less than or equal to zero, the options
are not exercised. This is leading to a decrease in the employee forfeiture rate to (¢ — R,,)At. Adjustments in
the employee forfeiture rate also occur during the vesting period. The employee forfeiture rate is negatively
correlated with the ratio of stock price to exercise price, S;;/K. Therefore, the adjustment of the employee

forfeiture rate during the vesting period is KqAt/S; ; [11].

2.5 The Modified Employee Stock Option

The modified Employee Stock Option (ESO) model considers dilution, the influence of early exercise
rates, and the effect of employee forfeiture [11]. The parameters in this model are the number of shares
outstanding before ESO exercised (w), the number of ESOs granted (8), the strike price (K), the time interval
for each step (At), the vesting period (s), the length of periods after ESOs vested (n), the number of periods
from ESOs vested to maturity date (k), maturity date (T), the employee forfeiture rate (q), and the exercise
ratio (R,).

To obtain the price of ESO, the first step is to determine the value of the option in each node. For each
node after the ESO vested, the option value is

S, iw+ K@
L_ ) ) (12)

foorom=s+nn=12,..,handj=0,12,..,2n.

Recall that there are h different times to exercise option. Option exercised time is mAt. For each
exercise time, find the option value to determine the final price for ESO. Hence, there are h different option
prices based on the time they are exercised. The current price of ESO at each node is calculated using the
implementation of trinomial approach. The value of ESO is calculated based on four conditions.
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1. IfESO is vested and Sij > K, then:
Cij =I[1—-(q+R)Atle ™ [pyCiy1; + PmCis1j+1 + PaCirrjsz]  (13)
2. IfESOisvestedand S; ; < K, then:

Cij =I[1—-1(q—RAtle ™ [p,Cis1j + PmCis1j+1 + PaCirijsz] (14

3. IfESO is vesting and %th < 1, then:
L]

K
Cj = [1 - Fth] e "8 pyCivaj + PmCis1j+1 + PaCivjrz) (15)
l’]

4. If ESO is vesting and %th > 1, then:
LJj

Let C,, be ESO value when the option is exercised at (s + n)At. To value the final price for ESO, the
price of each C,, will be taken to find the weighted average. R,, is used to define weight of C,,. The formula
of weighted average for C is

C = 2 R.C, (A7)

3. RESULTS AND DISCUSSION

Chi Squared distribution with parameter k = 4 is used for the initial simulation based on its practical
suitability for modeling employee behavior. This choice reflects the assumption that employees are more
likely to exercise their options when the stock price reaches at least four times the strike price. The parameter
captures the tendency of employees in higher management levels to exercise their options at a higher
threshold compared to those in mid-level positions. Additionally, previous research has demonstrated that
aligns well with observed behaviors in similar financial models, ensuring consistency and reliability in the
simulation results. Other parameters are listed in Table 1. With these parameters, the ESO value is Rp22.52.
Another valuation of ESO price in this section is using parameters value in the Table 1, unless stated
otherwise. The data used in this study is derived from a combination of theoretical assumptions and values
commonly applied in financial modeling literature. The parameters listed in Table 1 were selected to provide
a representative baseline for analyzing Employee Stock Options (ESOs). Each value was chosen based on
practical relevance and consistency with prior studies, ensuring the results are both robust and comparable.
These parameter values provide a realistic foundation for analyzing ESO pricing and ensure the results are
applicable to a broad range of corporate contexts.

Table 1. Initial Parameters

Parameter Value
Shares outstanding (w) 200000000
ESOs granted (0) 5000000
Initial stock price (S,) Rp100
Strike price (K) Rp100
Risk-free rate (r) 6%
Volatility (o) 25%
Forfeiture rate (q) 5%
Time interval (At) 0.25 year
Vesting time (s) 5 years

Maturity date (T) 10 years
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Table 2 shows the effect of the time interval used for pricing ESOs. As an illustration, At = 0.25 year
(3 months) means employees are allowed to exercise the option every three months. The more exercise time
employees could do every year, the more valuable ESOs price is. If the transaction could happen at any time
(At — 0), the option price would converge. This can be demonstrated by looking at the graph in Figure 3.
Figure 3 shows that the option price will gradually increase until converging to a certain point.

Table 2. ESO Price with Different Value of At
Time Interval (At) (year) Price (Rp)

1.000 17.71
0.500 20.89
0.333 21.91
0.250 22.52
0.167 23.18

Furthermore, it is illustrated in Figure 3.

E.

=T
1 4 7 10 13 16 19 22 25 28 3 34 37 40 43

Number of Steps in a Year

Figure 3. A Graph Illustrating the Relationship Between the Number of Steps and the Price of ESO

Strike price and the numbers of ESOs granted determine how much dilatation affects the stock price.
Table 3 shows that strike price and price of ESO have a reciprocal relationship. The relationship between the
number of ESOs granted and the price of ESO are also reciprocal.

Table 3. ESO Price with Different VValue of Strike Price
Strike price (K) (Rp)  Price (Rp)

96 24.15
97 23.74
98 23.33
99 22.93
100 22.53
101 22.25
102 21.88
103 21.50
104 21.13
105 20.76

The effect of the number of ESOs granted to the option price is listed in Table 4. As shown in Table
4, the increase in the number of options granted reduces the price value of ESO. But the change in the number
of ESO granted does not affect significantly to the option price.
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Table 4. ESO Price with Different Number of ESOs Granted
Number of ESOs granted () Price (Rp)

1000000 22.97
2000000 22.86
3000000 22.75
4000000 22.63
5000000 22.53
6000000 22.42
7000000 22.30
8000000 22.20
9000000 22.09
10000000 21.99

In line with the strike price, the forfeiture rate affects ESOs’ price negatively. Table 5 shows that an
increase in the forfeiture rate decreases the value of ESO. The more employees forfeit from the company in
a year, the less the value of ESO to account.

As an illustration, let company A and B have the same characteristic ESOs except for forfeiture rate.
Company A need Rp30 for each option because the forfeiture rate is around 1%. Company B, with a forfeiture
rate of 10%, needs around Rp16 for each option. This scheme generates a tradeoff that companies with lower
forfeiture rate should account higher option value.

Table 5. ESO Price with Different Forfeiture Rate

Forfeiture rate (q) (%) Price (Rp)
29.69
27.70
25.85
24.13
22.53
21.03
19.63
18.33
17.12
15.99

Boo~vouh~wnek

The company could accommodate ESOs with different vesting times. The shorter the vesting time, the
less option price is for longer vesting time option. This effect is shown in Table 6. The company could grant
lower value ESOs with a short vesting time. However, the employees' odds of resigning are higher when their
ESOs are exercised.

Consider there are two ESOs with vesting time 3 year and 5 years. In the 4th year, companies with
ESOs vesting time 3 year tend to have higher forfeiture rate compared to ESOs with 5 year vesting time.

Table 6. ESO Price with Different Vesting Time

Vesting time (year)  Price (Rp)
18.34
19.51
20.55
21.55
22.53
23.48
24.39
2521
25.68

OCoOoO~NouoTh WN -

The common maturity date used by a company is 10 years. The company could make this maturity
date shorter or longer based on demand. Table 7 shows longer maturity date leads to higher prices for ESOs.
However, the differences of ESO price are not significant for longer maturity date.
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Table 7. ESO Price with Different Maturity Date

Maturity date (year) Price (Rp)
19.51
20.63
21.41
22.02
22.53
22.94
23.27
23.53
23.73
23.87

SBoo~vour~wnRr

Risk free rate used for modeling ESO price has a positive correlation with ESO price. The positive
correlation also appears in volatility with ESO price. The increase in the risk-free rate increases the price for
ESO. This relationship is shown in Table 8 and Table 9.

Table 8. ESO Price with Different Risk-free Rate

Risk-free rate (%) Price (Rp)
14.93
17.44
19.99
22.53
25.01
27.41
29.71
31.89
33.93
12 35.85

=
RPBoovoosrw

Table 9 shows that the increase in volatility increases the price of ESO. It is shown that the price
gradually increases from Rp19.51 when the volatility 5% to Rp23.87 when the volatility is 50%.

Table 9. ESO Price with Different Volatility
Volatility (%) Price (Rp)

5 19.51
10 20.63
15 21.41
20 22.02
25 22.53
30 22.94
35 23.27
40 23.53
45 23.73
50 23.87

The results of this study highlight the effectiveness of the trinomial method in pricing Employee Stock
Options (ESOs) under various conditions. Simulation results show that ESO prices are influenced by multiple
factors, with notable trends and correlations observed.

Firstly, the analysis confirms a negative correlation between ESO price and strike price. As the strike
price increases, the value of the ESO decreases, reflecting the reduced financial benefit for employees.
Similarly, a higher forfeiture rate negatively impacts ESO prices, as the likelihood of employees leaving
before exercising their options increases. In contrast, positive correlations are observed with parameters such
as volatility, vesting period, and maturity date. Higher volatility leads to a broader range of potential stock
price outcomes, increasing the ESO's expected value. Longer vesting periods and maturity dates provide
employees with more opportunities to benefit from favorable stock price movements, enhancing the option's
value. The dilution effect is effectively modeled by incorporating the impact of additional shares on stock
prices. Results indicate that an increased number of ESOs granted slightly reduces individual ESO value due
to the adjustment in stock price caused by dilution. However, this effect is mitigated when the number of
outstanding shares is significantly larger than the granted options.
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Early exercise behavior, modeled using a modified Chi-Square distribution, reveals that employees are
more likely to exercise their options shortly after vesting or as the maturity date approaches. This aligns with
observed real-world behaviors and underscores the importance of accurately modeling early exercise
probabilities.

The study also demonstrates the computational advantages of the trinomial method. Compared to the
binomial model, the trinomial approach converges more rapidly and provides more accurate results by
accounting for scenarios where stock prices remain unchanged. This feature enhances the model's realism
and applicability in practice.

Practically, these findings offer valuable insights for companies designing ESO programs. Optimizing
parameters such as strike price and vesting period can balance employee incentives with organizational costs.
Additionally, understanding the interplay between forfeiture rates and ESO value can inform retention
strategies and financial planning.

Overall, this study validates the applicability of the Liao and Lyuu model [11] when extended with the
trinomial method. By addressing key factors such as dilution, early exercise, and forfeiture rates, the research
provides a robust framework for ESO valuation and practical recommendations for implementation in real-
world scenarios.

4. CONCLUSIONS

This study highlights significant advantages of the proposed method over Liao and Lyuu's original
model. By applying the trinomial tree method, this research achieves greater computational efficiency and
realism. The trinomial approach accounts for scenarios where stock prices remain unchanged, a feature absent
in Liao and Lyuu's binomial-based framework. Additionally, the dynamic adjustment of forfeiture rates based
on stock performance provides a more accurate representation of employee behavior, further enhancing the
model's practical applicability. This study successfully demonstrates the application of the modified trinomial
tree method to the Employee Stock Option (ESO) model proposed by Liao and Lyuu. By incorporating
dilution effects, early exercise probabilities, and forfeiture rates, the research provides a robust framework
for ESO valuation. The trinomial method's ability to account for three possible stock price movements
enhances its realism and computational efficiency compared to the binomial model. ESO price is shown to
be negatively correlated with strike price and forfeiture rate, while positively influenced by factors such as
volatility, vesting period, and maturity date. This work bridges theoretical advancements and practical
applications, offering a reliable tool for companies to optimize ESO programs. Future research could expand
the model to include additional factors such as macroeconomic conditions and sector-specific dynamics to
further enhance its relevance and applicability.
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