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1. Introduction

Executive stock options (ESOs) have recently become a popular managerial tool
in corporate governance. In recent years, a large number of firms have used
stock options as an auxiliary method of executive compensation and as a tool for
reducing agency costs. ESOs give corporate executives and employees the right
to buy corporate shares at a pre-specified exercise price. Due to their widespread
use and complexity, the topic of ESO valuation is worthy of analysis. Numerous
studies have developed various valuations of options ([1]-[7]). Several tech-
niques for valuing options have been developed, including the binomial tree
models ([8] [9] [10]), the certainty-equivalence method [5], portfolio analysis
([11]), and the utility-indifference approach (see [11] [12] [13]).
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Another concern in considering option valuation is the characteristic styles of
ESOs. The early exercising feature of ESOs has been considered by several stu-
dies ([3] [11] [14] [15]). For example, [10] solved the early exercise problem us-
ing the binomial model framework. In addition, [3] gave a valuation for resetta-
ble European-style ESOs. Also, [7] and [16] considered asset risk in ESO pricing,
finding that cash dividend payments could increase the underlying asset’s vola-
tility. These studies separately provided some closed-form or numerical solu-
tions for executive stock options in terms of ESO’s characteristic styles them-
selves.

Due to the fact that cash dividends from the underlying assets of ESOs can be
paid before the time of maturity, ESO holders will consider the possibility of
early exercise. Specifically, in the case of long-term ESOs, holders face several
early exercise decisions until the expiration of the contract. Consequently, the
holders have a series of several exercisable opportunities to close the contract. In
this paper, we examine a potential concern about the valuation of an option life
closed series because when it is in a general executive stock option contract, it is
allowed to be exercised early. Obviously, this option embodies the characteristics
of a Bermudan-type option. For these reasons, we attempt to derive the exact
valuation of Bermudan executive stock options with cash dividends. We consid-
er the possibility of early exercise to conform with the real phenomenon, which
sees firms usually pay cash dividends to shareholders. Moreover, adverse stock
performances in the economic environment do not always benefit executives. A
mechanism to reset the strike price is designed as a form of compensation for
those executives facing a market condition with lower stock performance. As a
result, this paper also focuses on more complex problems germane to this type of
stock option, which reflect both corporate and executive realities. To address
these problems stemming from ESO contracts being resettable, having the possi-
bility of early exercise, allowing for the payout of cash dividends, and being sub-
ject to increasing stock volatility, we provide an exact solution for such options.

A comparison of our work to previous studies of executive stock options sug-
gests that our study makes an advanced contribution to the literature. Previous
studies individually analyzed ESO stylistic facts at their valuation models based
on various considerations of early exercise, cash dividends, underlying asset vo-
latility, and resettable contracts; however, the current study integrates these sty-
listic facts into our pricing models and provides an exact solution for this com-
plicated problem through Green’s function and the recursive integral method.
Compared to several traditional methods such as the binomial tree model, risk
neutral measures, portfolio analysis, and utility indifferences, the recursive
integral method proves to be a more flexible and feasible technique by which to
price derivatives. That is, the current study aims to find the valuation for Ber-
mudan resetting options with cash dividends and increasing volatilities. We ap-
ply the results of our research to the valuation of ESOs with reset rights, and take
some numerical examples to discuss the features of ESOs under different para-
meters. In the best of our knowledge, there are no studies that simultaneously
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consider the numerous and complicated above-mentioned conditions in the
ESO pricing problem.

We arrange the remaining sections of this paper as follows: Section 2 discusses
related literature on executive stock options. Section 3 further develops the valu-
ation model for the ESOs. Section 4 contains detailed interpretations of the deci-
sion factors with a simple numerical calibration. Finally, we draw some conclu-

sions.

2. Related Literature

Derivatives have gradually become more and more popular in financial markets
and in practical business contracts since [17] derived the valuation formula of
plain vanilla European options. Many firms have even adopted derivative tools
as a payment mechanism for executive compensation in recent years. The ESO is
a useful tool, acting as a payment mechanism in addition to regular salary pay-
ments. Executive stock options have several stylistic features, in practice. For
example, the resettable strike prices of ESOs cause valuation difficulties. The
cash dividends from the underlying stock also further increase the demand for
price solution techniques. Moreover, issuing ESOs can itself increase underlying
asset volatilities, so as to cause difficulty in terms of valuation.

There are numerous studies that have tried to price options which include the
stylistic features of ESOs. For example, in considering the pricing of reset op-
tions, [18] and [19] studied a reset warrant of the S&P 500 index and derived a
closed solution in a single period framework. [20] further derived a closed solu-
tion of reset options with discrete multiple periods in risk-neutral economics.
[21] extended the work of [20] and used multiple normal distribution functions
to present the valuation of reset options with multiple reset periods. Turning to
executive stock options, [3] first considered the resetting characteristics. They
found that the resetting feature had only a small influence on the option valua-
tion and had a strongly negative correlation with corporate performance. Con-
sidering the American style, the resetting feature, and the trading restrictions on
executives, [6] provided an analytical and flexible method for valuing executive
stock options. They could obtain a near-explicit solution on the exercising strat-
egies. [22] derived a new framework to value employee stock options (ESOs)
with multi-exercises, and they also modeled the risk of ESO holders. [23] priced
executive stock option under GARCH models. [24] considered a GARCH
process to describe the variance of the stock and employment shocks by a doubly
stochastic Poisson process. [25] developed a model to price executive stock op-
tions (ESOs) considering two sources of early exercise via a Monte Carlo simula-
tion with about 4000 US executive data. [26] produced an analytical Reset ESO
valuation with resetting of vesting period, exercise window, reset level and ma-
turity.

Another line of inquiry into executive stock options has discussed ESO is-

suance and how it influences stock risk. An empirical study conducted by [16]
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indicated that the stock volatilities increased when firms paid stock options as
executive compensation. They analyzed the relation between stock option com-
pensation and risk taking, by examining whether ESOs provided managers with
incentives to invest in risky plans. They found that an ESO’s risk incentive is po-
sitively correlated with future risk taking. Regarding manager’s excessive risk
taking, [7] concerned themselves with the question of whether ESOs could in-
duce excessive risk taking by managers in firms’ security issue decisions. Their
results supported the suggestion that stock options could sometimes make
managers take on too much risk.

In short, we consider the increasing stock volatilities discussed by [7] and [16],
the resettable feature of ESOs analyzed by [21], the cash dividend payments, and

American style exercises with regard to ESO valuation.

3. A FrameworKk for Valuing Bermudan Reset Executive
Stock Options

This section will derive the exact valuation of Bermudan reset executive stock
options with cash dividends. We give some basic assumptions first and then de-

rive the closed-form approximate solutions of the option.

3.1. Basic Assumption

Option contract has become a useful financial instrument in hedging, arbitrag-
ing, and speculating since [17] derived the closed-form formula of plain vanilla
options in 1973. We follow the basic arguments of [17] to construct our analysis
of ESOs. That is, the stock price, S, follows a geometric Brown motion. The op-
tion price, G is a function of the stock price and time, and it satisfies the

Black-Scholes partial differential equation (PDE) as follows:

%GZSZCSS +r,8SC+C, =r,C, (1)

where o and r,denote the stock’s volatility and risk-free interest rate, respec-
tively. ¢is the time. The current time is taken to be date #; thus the time left to
maturity is denoted as 7, =T —¢, .

After the following transformation of variables, Equation (1) will be simplified

into the homogeneous heat equation as in Equation (3).

r=T-t
0_2
x:lnS-i-[rf—?jr (2)

U(x(S),r) = er"TC(S,r)

2

o
—U_=U,, (3)
2
where Udenotes the transformed price of the option.
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Next, we follow the empirical results of [16] and assume the volatility of the
stock price satisfies the predetermined increasing term structure when the firm
pays stock options to executives as their compensation.

In a real case, a firm would periodically pay dividends to shareholders, so we
consider a pricing model with several cash dividend payments. On the other
hand, when discrete-time cash dividends are analyzed in an executive stock op-
tion valuation, the American-type mechanism offers more incentives to execu-
tives than the European type does. However, the increase of firm value via ex-
ecutive stock option payments is insignificant if the ESO is early-exercised with-
in a short time frame. Therefore, most executive stock option contracts are
formed as a Bermudan-type with cash dividends; such Bermudan-type ESOs al-
low executives to have a lot of exercise rights between the instant after the
lock-up period and the expiry date.

Furthermore, a poor performance in stock markets is not always attributed to
the executive, so ESOs usually give the executives gains via the reset strike price
mechanism. Following [21], we design a resetting mechanism that will resist the
worst economic environments and offer executives encouraging compensations.
In order to simplify the valuation model, we consider a one period resetting

model with a reset date ¢ and an ex-dividend date ¢, (¢, < t,) later.!

3.2. Initial Value Problem of PDE

The valuation of Bermudan resetting executive stock options with cash divi-

dends is a sequence of initial value problems of PDE. Given the terminal payoff

of options after a variable transformation (2), we obtain the initial condition of
the heat equation as follows:

0, ife" <K

U (x, 0) = {

. o (4)
e —K, ife'>K

We introduce a fundamental solution for the heat Equation (3)—the Green

function with the infinite domain as follows:

1 —(xo —x)2

2no’ (1, - 1) 20° (7, - 7)

G(x,73%,,7,) = H(7,-1), (5)

where H (TO - ‘L') is the Heaviside step function,

L ifr,—720

H(ro—r)={0’

Based on the previous fundamental function, a closed-form approximate solu-

(6)

if7,-7<0

tion after the instant of the ex-dividend date 7z, will be presented as Equation
(7) via the integral representation, which is a convolution of the initial condition

and the Green function,

U; (.75 ) =] U(x.0)G(x.0:x;,7; )dx, ?)

'In the next section, we use the variable transformation as Equation (2) so that the reset date # will
transform to 73, and the ex-dividend date ¢, will be 7,.
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where the transformed stock price after the instant of the ex-dividend date r,

2
is x; =1n(S2+—d)+(r/—02—2jrz.

The stock volatility from the ex-dividend date to maturity is a constant, o, .
The cash dividend is denoted as d. The stock price before the instant of
ex-dividend is S, .

Nevertheless, if the cash dividend d is large enough, the option holders will
want to early exercise before the ex-dividend date. Hence, there exists an early
exercised threshold value S, , which satisfies the following Equation (8). The
economic meaning of threshold value S, is that if the stock price before the
instant of ex-dividend is higher than S, , the ESO will be early exercised as the
strike price K. Contrarily, if the stock price before the instant of ex-dividend is
smaller than S, , the stock with an ESO will be paid dividend.

Sy -K, if §7 >,
G (85,73 )= ) , (8)
Uy (5.7, )¢ "™, if 85 <,

2
where x; = ]n(S2+ —d)+{rf —G—;J 7, ; Kis the strike price of the option; S, is

the stock price before the instant of ex-dividend.

Next, we will determine whether the strike price K of the ESO resets or not at
the reset date 7,. This investigation considers two situations, as follows:

Case A: If the stock price is lower than the reset threshold aZ, the strike price
Kwill be reset as the stock price at the reset date 7,. Case A in Figure 1 presents
the case where the option strike price will be reset as the stock price S, at the re-
set date.

Case B: If the stock price is higher than the reset threshold aZ, the strike price
K will still be the original strike level, E. Case B in Figure 1 presents the case
where the option strike price is the original exercise level E at the reset date.

This study uses an integral representation to obtain the closed-form approx-
imate solution of the option pricing at the reset date 7, as follows:

0
Ul(xl,rl):LOU;(xg,T;)G(xg,r;;xl,rl)dxg, 9)
T 4 T A
(So’To) (Soaro) ¢

. aIE G(S.7) aIE Gi(Sp7)
' 57 n )

Gy (S,,75) C,y(S,,7,)
7. T
’ (S:) ’ (S;.7)

Cy(S,0) Co(S,0)
0 s ! 0 Ky

(Case A) (Case B)

Figure 1. The valuation of Bermudan executive stock options with reset strike price K
= 5, in Case A and K= Ein Case B, respectively. Note: « denotes the reset rate. If S
is lower than «F , the strike price of options will be reset as the stock price at reset
date 7, . Otherwise, the strike price of options will be the original strike level, E.
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where transformed stock prices at the reset date 7, and the instant before the

2 2
ex-dividend date 7, are x = ln(Sl)+(rf —%)(rl —2'2)+[rf —%j 7, and

2
x; = ln(S2+ )+(rf —%) 7, » respectively. The stock volatility from the reset date

to the ex-dividend date is a constant, o;. At the instant before the ex-dividend

date 7,, the transformed option price is denoted as U, (xz+ Ty ) ,

S;-K)e", if S =80
U (s.55) | (TR e (10
U; (x%.7), if ¥ <S8,

where the transformed stock price at the instant after the ex-dividend date 7,

2
is x; :ln(S;—d)+(r/—62—2jrz.

Finally, we obtain the present option value via the recursive integral technique

as follows:
C(Syty)=U(xp,7) € " =™ ~J1U1 (x,7,)G (X, 73 %,7, )dx, , (1)

where the stock volatility from the present to the reset date is a constant, o,.
The transformed present time to maturity is 7, =7 —¢,. The transformed stock
prices at the reset date ( 7,) and the present time to maturity ( z,) are x; and x,

respectively, which are as follows:

4. Numerical Example

This section discusses the effect of the impact factors on the ESOs’ valuations
with a simple numerical example, for a clear understanding of the ESO price
changes. The study assumes that the reset date equals the ex-dividend date, that
is ; = . In addition, the reset strike price K is equal to S, when the stock
price at the instant before 7, satisfies the condition S, —d <aE . Otherwise,

the strike price is equal to the original level, E.

4.1. Effect of Cash Dividends on Option Prices at the Ex-Dividend
Date

Since the cash dividend is a critical factor related to early exercise in executive
stock options, we first analyze the effect of cash dividends on option prices. Fig-
ure 2 shows the option prices with cash dividends of $0 and $20 across stock
prices at the ex-dividend date as reset rate 0, respectively. Most importantly,
when the cash dividend is equal to $0, the option valuation at the ex-dividend
date is analogous to that of a vanilla option. When the cash dividend is equal to
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$20, an American-type executive stock option will be early exercised at the
ex-dividend date as long as the stock price is higher than the critical value
$101.8666 shown in Figure 2.

4.2. Evaluations of Options with Cash Dividends and Reset Rates

We discuss the valuation of options with a cash dividend of $20 and reset rate
0.6 in this example. Figure 3 shows the values of both the vanilla and executive
stock options with a cash dividend of $20 and a reset rate of 0.6 under various
current stock prices. The value of the ESO with the cash dividend of $20 and re-
set rate of 0.6 is always lower than the value of the vanilla option in Figure 3.
Equation (14) shows that the limit difference is $3.6927 when the current stock
price is large enough.

3.9211xe 70 23,921 1xe (70 — 3 6927 (14)

4.3. Sensitive Analysis

This section undertakes a sensitivity analysis of all factors. The fundamental set-
ting for the related parameters is as follows: the present stock price S = $100; the
exercise price £ = $100; the current time to maturity 7, = l(year) ; the
ex-dividend date to maturity is equal to the reset date to maturity,
7, =7, = 0.4(year); the volatility of stock price between the ex-dividend date to
maturity and current time to maturity [TI,TO] , 0, =0.25; the volatility of stock
price between the maturity and ex-dividend date to maturity [0, 1'1], 0,=03;
the risk-free rate 7, = 0.1; the reset rate « = 0.6, and the cash dividend d= $20.

25 7

—_ Cash Dividend=0 | /
— Cash Dividend=0

/
#
/

20

Option Price
~

60 70 80 90 101.8666 110 120
Stock Price at ex-Dividend Date

Figure 2. The option prices with cash dividends of $0 and $20, respectively, as the
reset rate 0 under various stock prices at the ex-dividend date. Note: The current
time to maturity 7, =1. The ex-dividend date to maturity is equal to the reset date

to maturity, 7, =7, =0.4. The volatilities of stock prices are o, =0, =0.3. The

risk-free rate is 7, =0.1. The exercise price is £=$100. The reset rateis @ =0.
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70 :
I i i i I — — Cash Dividend=0, Reset Rate=0
—— Cash Dividend=20, Reset Rate=0.6
60
: A
LS
: : : : : : : LS
: J | : : ] i v
N ; ; s ; ; s s N
; ; ; i ; ; i L
® : : i : s : : i / :
2w R R N B B a.
A i : ! ! : ! : ay :
g : : : | ; : . : :
.é v
S 30 £
20
10
) i i i
50 60 70 80 90 100 110 120 130 140 150

Present Stock Price

Figure 3. The option values with a cash dividend of $20 and a reset rate of 0.6, and the
vanilla option, respectively. Note: We assume that the current time to maturity, 7, =1.

The ex-dividend date to maturity is equal to the reset date to maturity, 7, =7,=04.
Tthe volatilities of stock price are o, =0, =0.3. The risk-free rate is r, = 0.1, and the

exercise price is £= $100.

1) The Effect of Stock price

Disclosing the option values under various stock prices in Table 1, the option
values are positively correlated to the stock prices. In Table 1, the margin effect
of stock prices on option values is almost consistent when the current stock price
is high. That is, the time value approaches zero when the option contract stays
deep in-the-money. Figure 4 displays the tendency of the delta, which is the
hedging ratio of option to stock. The results in Table 1 and Figure 4 are consis-
tent.

2) The Effect of Volatilities of Stock price

Plots of Case A and Case B in Figure 5 show the marginal effects of stock
price volatility o, on the option prices in [Z'I,Z'O] and o, in [0, 7 ] , respec-
tively. We see that the effect of o, in [r,,ro] is more significant than o, in
[0, rl] . This difference is attributed to the large probability of early exercise with
large volatility o, . Moreover, there is a positive relation between option values
and stock price volatilities in Figure 5.

3) The Effect of Exercise Price

The exercise price is the cost to obtain the underlying asset, so the option val-
ues will decrease while the exercise prices increase. Figure 6 shows the option
values under various exercise prices, and we see that there exists a significantly
negative and near straight-line relationship between the option values and exer-
cise prices.

4) The Effect of Risk-Free Rate
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The present value of the cost of obtaining the underlying asset in the future is
low when the risk-free rate is high. As a result, the option values are positively
correlated with the risk-free rate. Figure 7 shows the option values under vari-
ous risk-free rates. There is a significantly positive and near straight-line rela-
tionship between the option values and the risk-free rates. This is directly oppo-

site to the effect of the exercise prices on option values.

0.9

0.8

0.7

0.6

0.5

Delta

0.4

0.3

0.2

0.1

0 i i j i i i i i j
50 60 70 80 90 100 110 120 130 140 150
Present Stock Price

Figure 4. The hedging ratio of option to stock under various current stock prices when
we consider the term-structure of increasing stock volatilities, the reset rate, and the cash
dividend. Note: We assume that the current time to maturity 7, =1; the ex-dividend

date to maturity is equal to the reset date to maturity, 7, =7, =0.4; the volatilities of
stock prices, ¢, =0.25, o, =0.3; the risk-free rate r, =0.1; the exercise price £= $100;

the reset rate o = 0.6, and the cash dividend d= $20.

29

2.8

2.7

2.6

Vega,

2.5

2.4

23

Sigma,

(Case A)
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0.7

0.6

0.5

0.4

Vega,

0.3

0.2

0.1

0 i i i
0.2 0.22 0.24 0.26 0.28 0.3 0.32 0.34 0.36 0.38 0.4
Sigma,

(Case B)

Figure 5. The marginal effects of stock volatilities on option prices. Case A. The marginal
effects of option price for 0.1% increment of stock volatility o, in [z,,z,] when we fix

0,=03 in [0,7,]. Case B. The marginal effects of option prices for 0.1% increments of
stock volatility o, in [0,7,] when we fix ¢,=025 in [z,,7,]. Note: The current
stock price § = $100; the exercise price £= $100; the current time to maturity z, =1;the
ex-dividend date to maturity is equal to the reset date to maturity, 7, =7, =0.4; the
risk-free rate r, =0.1; the reset rate & = 0.6, and the cash dividend d= $20.

14 I T 1 . 1 T !

Option Price

2 i a i i i i i i a
95 96 97 98 99 100 101 102 103 104 105
E

Figure 6. The option values under various exercise prices. Note: The current stock price
S, = $100; the current time to maturity 7z, =1; the ex-dividend date to maturity is equal

to the reset date to maturity, 7z, =7, =0.4; the volatilities of stock prices, o,=0.25,
o, =0.3; the risk-free rate 7, =0.1; the reset rate o =0.6, and the cash dividend d =
$20.
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Option Price

9.5

0.04 0.06 0.08 0.1 0.12 0.14 0.16
rf

Figure 7. The option values under various risk-free rates. Note: The current stock price S
= $100; the exercise price £ = $100; the current time to maturity 7, =1; the ex-dividend
date to maturity is equal to the reset date to maturity, 7, =7, =0.4; the volatilities of
stock prices, o, =0.25, o,=0.3;theresetrate o =0.6,and the cash dividend d= $20.

Table 1. Option values under different current stock prices.

Current Stock Price Option Value
60 0.2019
80 2.1518
100 10.9741
120 26.9449
140 46.0105
160 65.8497
180 85.8268
200 105.8239
220 125.8235
240 145.8235

Note: Assume that the exercise price £= $100; the current time to maturity 7z, =1; the ex-dividend date to
maturity is equal to the reset date to maturity, 7, =7, = 0.4; the volatility of stock price between [z,,7,],
o, = 0.25; the volatility of stock price between [0,7,], o, =0.3 ; the risk-free rate r, =0.1; the reset rate

a =0.6, and the cash dividend d= $20.

5) The Effect of Reset Rate
Increasing the reset rate is beneficial for option holders. As a result, there is a
positive relation between the option values and reset rates. Table 2 sets out the

option values under various reset rates. We find that the marginal option value is
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nearly constant when the reset rate is below a certain level because a reset rate
which is too low cannot increase the option value to any significant degree.

6) The Effect of Cash Dividend

Paying cash dividends to shareholders not only reduces the problem of excess
cash flow in firms, but also directly mitigates the agency problem between man-
agers and shareholders. Moreover, an option’s value will decrease, since paying
cash dividends will cause the stock price to decrease. Therefore, a higher cash
dividend will increase the probability of the early exercise of American-type op-
tions. Figure 8 shows the critical values of early exercise under various cash
dividends at the ex-dividend date. In this example, when the cash dividend is
lower than $3.9211, the critical threshold of early exercise approaches infinity.
That is, the options are never early exercised before maturity as long as the cash
dividend is lower than $3.9211, in this case. Otherwise, when the cash dividend
is large enough, the critical threshold of early exercise will reduce to the strike
price of $100. This means that an option with a large cash dividend is almost
surely to be early exercised when the stock price is higher than the strike price of
$100 at the ex-dividend date.

Table 3 details two scenarios of stock volatilities affecting the prices of the op-
tion, with reset rates 0 and 0.6, respectively, under various cash dividends. This
study shows that the option value decreases when the cash dividend increases, a
situation which appears in both scenarios A and B of Table 3. At the same time,
we see that the impact of the cash dividend on option value is greater than the
impact of the reset rate, regardless of the scenarios. There is a positive relation
between option values and reset rates, whereas the relation between option val-

ues and cash dividends is opposite.

Table 2. The option values under different reset rates.

Reset Rate Option Value
0.80 11.1372
0.75 11.1116
0.70 11.0592
0.65 11.0090
0.60 10.9741
0.55 10.9552
0.50 10.9470
0.45 10.9443
0.40 10.9436

Note: The stock price & = $100; the exercise price £ = $100; the time to maturity 7z, =1; the ex-dividend
date to maturity is equal to the reset date to maturity, 7, =7, =0.4; the volatility of stock price between
[z..7,]> ©,=025; the volatility of stock price between [0,7,], o, =0.3; the risk-free rate r, =0.1,
and the cash dividend d'= $20.
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Table 3. The option values under different cash dividends.

Scenario A Scenario B
Cash 6,=0,=03 6,=025, ¢,=03
Dividend
Reset Rate @ =0 Reset Rate o =0.6 ResetRate a=0 Reset Rate @ =0.6
0 16.7341 16.7349 15.7136 15.7138
4 14.5036 14.5050 13.4003 13.4008
8 13.3453 13.3478 12.0794 12.0805
12 12.8034 12.8074 11.4570 11.4591
16 12.5124 12.5185 11.1249 11.1285
20 12.3530 12.3630 10.9437 10.9493
Note: The stock price §, = $100; the exercise price £ = $100; the current time to maturity 7, =1; the

ex-dividend date to maturity is equal to the reset date to maturity, 7, =7, =0.4, and the risk-free rate
7, =0.1. In Scenario A, the volatilities of stock prices between [r,,7,] and [0,7,] are o,=0.3 and
0, =03, respectively. In Scenario B, the volatilities of stock prices between [r,z,] and [0,7,] are

0,=0.25 and o, =0.3, respectively.
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Figure 8. The critical thresholds for early exercise under various cash dividends at the
ex-dividend date. Note: The current stock price & = $100; the exercise price £ = $100; the
current time to maturity 7, =1; the ex-dividend date to maturity is equal to the reset

date to maturity 7, =7, =0.4; the volatilities of stock price o,=0,=0.3, and the

risk-free rate r,=0.1.

5. Conclusions

The objective of this investigation is to derive a closed-form approximate solu-
tion of Bermudan reset executive stock options with cash dividends via an
integral representation method, which is a convolution of a sequence of initial
conditions and Green’s function. We extend the concept of a reset mechanism
studied by [21] and consider the increasing volatilities characteristic studied by
[16] to derive the valuation with increasing term-structures of stock volatility.

Based on the fundamental assumptions and the recursive integral technique, this
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study has successfully derived the closed-form approximate solutions of Bermu-
dan reset ESOs which embody several complex stylistic features.

This study conducts some numerical examples to discuss the effects of cash
dividends, reset rate, and other option parameters on the option values. Specifi-
cally, when the current stock price is high enough, the limit of the differences
between option values with cash dividends of $0 and $20, respectively, is
$3.9211, regardless of the reset rate. The difference between option values with
cash dividends of $0 and $20, respectively, reaches its maximum when the cur-
rent stock price is at the early exercise threshold, $101.8666. Moreover, the
present stock price is too high for early exercise of an American option with a
cash dividend of $20 at the ex-dividend date, so the difference between the op-
tions with cash dividends $0 and $20 will be the discount of $3.9211, which is
$3.6927. Thus, ESO holders have several optimal exercise strategies in certain
scenarios to maximize benefits. Specifically, the holders should take cash divi-
dends and reset conditions into account when deciding whether or not to exer-
cise.

In addition, we summarize some interesting results about option values and
hedge ratios via the numerical examples. The present stock price, volatility of
stock price, reset rate, and risk-free rate all have a positive relation to the option
value. The strike price and cash dividend have a negative relation to the option
value. Furthermore, the effect of the volatility of stock price between the present
time to maturity and the ex-dividend date to maturity, [r, ,ro] , is more signifi-
cant to the volatility between the ex-dividend date to maturity and maturity date,
[0, rl] .

The findings indicate that our analysis enables a better understanding for val-
uations and hedging of Bermudan reset executive stock options with cash divi-
dends as compared to those previous studies that separately considered stylized
features of ESOs. The results of this study may be interesting to financial deci-

sion makers in the fields of corporate finance, risk management, and investment.
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