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Inferring the Employee Stock Options’ Granting Policy Under
Capital Forest Structure and Rank-Dependent Expected Utility Model
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F(x)%

. W(F(x)) =

1
[F(x)8+(1-F(x))%]5

Forevent{a < X < b}

Original probability :
Pla<X<b)=F(b)—F(a)
After Probability Weighting :
Pla <X <b)=w(F(b)) —w(F(a))
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e Spalt(2013)Like base salary, the sure payment would be fully
absorbed in the reference point and therefore inconsequential for
the decision.

« I ER FAQuiggin(1982) 12 AU Rank-dependent expected utility
model (RDEU, or anticipated utility ) : TEJR¥EFIEXpected utility
modelJll A Probability weighting function
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Size of ESO grant and volatility

allk

* Spalt(2013):

"Firms with higher idiosyncratic volatility grant more stock options to
nonexecutive employees.”

Panel B. Median

Wilcoxon Per Empl.
Firm ESO Plan Per Empl. Test of Per Empl. No. of
Volatility Firm at Median Per Empl. MNo. of Difference BS-Value Options
Quintile Volatility Firm BS-Value Options [p-value] (broad) (broad)
1 23.88% No $0 0 — $201 55
2 31.35% No 50 0 0.00 $279 55
3 39.39% Yes $71 17 0.00 $456 76
4 52.05% Yes $564 97 0.00 $1,089 176
5 72.66% Yes $4,844 842 0.00 $5,670 989
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TABLE 6
Size of Option Grants

Table 6 presenis regressions of the number of employee stock options (ESOs) on firm volatility. All variables have been
previously defined in Table 3. "Heckman's Lambda" is a self-selection variable from a 1st-stage probit model. Industry
dummy variables are based on the 3-digit SIC code. Marginal effects computed at the mean for firms with ESO plans are
reported for the Tobit model. Robust i-statistics (for the OLS model) and z-statistics (for the Tobit model) with clustering at
the firm level are given below the coefficient estimates.

Dependent Variable

In(1 + ng)

Variable (1) (2) (3) (4) (5) (6) (7) (8) Tobit

Volatility 1.796 1.742 1.629 1.491 1.050 1.483 1.166 0.705 0.696
B.22 .95 9.05 7.36 4.35 4,72 4.65 3.15 3.89

In(Sales) —0.031 —0.061 —0.077 =005 —0.036 —0.046 —0126 —-0474 —0.030
—1.17 —2.06 —3.38 —2.68 —1.30 —1.36 —4.22 —2.78 —1.56

Tobin's Q 0.153 0172 0.173 0.213 0.197 0.207 0.193 0.097 0.051
B2.61 B.77 11.74 11.34 0.24 B5.85 7.36 487 2.65

R&D 1.173 2.036 0.722 0.682 0.833 1.374 1.162 0.506 2.774
1.87 317 1.36 1.16 1.35 1.98 1.71 0.65 5.99

Long-Term Debt >0 —-0.158 —-0.387 —-0.304 0308 —0.397 —0.234 —0.205 —0D.097 —-0.142
—217 —4.70 —4.89 —4.71 —4.67 —2.27 —2.37 —1.55 —2.91

In(Fyg) —0.317 —-0.288 —0263 —0.304 —0.326 —0.363 —0.430 —0.417 —0.094
—B.76 —5.53 —B.84 —B.88 —B.41 —5.39 —7.97 —0.00 —2.56

Dividend Yield —8.77/4 —-2569 —-0845 0590 —1.602 —11.385 —14.061 —B.866 —86.430
—2.42 —0.71 —0.27 —0.18 —0.45 —2.94 —4.17 —2.70 —3.04
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Huddart & Lang (1996)

Table 3
Exercise activity by employee

Company A B C D E F G H

Panel A: Fraction of options granted that are exercised by an employee at one time

10% 0.25 0.25 0.20 0.33 0.05 0.02 0.24 0.14
Median 0.30 0.63 0.40 0.55 0.31 0.13 0.50 1.00
90% 1.00 1.00 1.00 1.00 1.00 0.40 1.00 1.00
Mean 0.45 (.64 0.48 0.59 0.41 0.18 0.55 0.72

Carpenter (2019)

Panel H: Fraction of Grant’s Vested Options That Are Exercised (per Exercize Event)

Mean 0.72 0.84 0.58 0.68 0.58 0.57 0.93
Median 1.00 1.00 0.67 0.81 0.62 0.51 1.00
SD 0.35 0.29 0.22 0.35 0.40 0.39 0.18

0.67
0.95
0.38
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Sorting effect of equity compensation

* (Lazear, 1986; 2000; Oyer and Schaefer, 2005)

 Economic theory predicts that different types of employees will
differ in their preferences for equity compensation.

Agent prefers observed
cash plus option
package.

s Agent would prefer all-  ciiiEin
cash alternative.

nual Stock Return
b )
14,] (=3

Optimism

Expected An

CRRA Coefficient
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» Utility-based models do not predict block exercise behavior, the risk averse
executive exercise options individually at a sequence of increasing price
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Tree 1 : 100% ESO exercised )
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1 SR 10 KE LR 2 (Probability weighting function)

1

5
* w(F(x)) = e T
[F(0)2+(1-F(x))°]8 0.8 -
For event{a < X < b} E“ 0.6 -
Original probability : E ]
P(a < X < b) = F(b) — F(a) g %4

After Probability Weighting :
P(a <X <b) =w(F(b)) —w(F(a)) 0.2 -

0+ | |
0 0.25 0.5 0.7:
Probability

ot
(=1
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» EpUERH " EE R E 48 Probability weighting function
HEIR | P ERRTEEFIENEAEE -

a% a% a% a% a% a% _
Pui,t X Vui,t,real + Prrli,t X Vrrli,t,real + Pdi,t X Vdi,t,real _ VP—
2 2 2
a% a% a% a% a% a% _ 2 o%* At _ 2% *At
Pui,t X (Vui,t,real VP-) + Prrli,t X (Vmi,t,real VP—) T Pdi,t X (Vdi,t,real VH) _ Vstart * [e 1] *€
a% a% a% __
PULt -+ Pmi,t -+ Pdi,t =1

~ a% % % %
it = w (P + Pafl) — Pl
~ a% 0 9
Py, =1—w(B0+ P2 o
Uit ( mit T Tdit ) £ ESun & Widdicks(2016)
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(1). #Rdn >3 & & {F4(V;=9.910,000,000 : Otto(2014) Table3 &) F %)

(2). E# Z B ED=V,=0.18 + 0.18 & Otto(2014)Table3 &) 3 &)leverage ratioF 2
)

(3). & @#]%(c=0.078 » 20004 10—Year High Quality Market (HQM) Corporate
Bond Spot Ratedl 34 {8 )«

(4). 2> &8 {E:& % E(o=03 - Hall et al (2002)2000F &3 & -F ) «

(). 2 & g A 4] (p=0.4296 » Hamilton(2007) % AA bond &) constant recovery rate
B57.04%) «

(6). & B &#] % (r=0.06 - Hall et al (2002)2000 4 &9 # & F 34)«
(7). 4x 8] PR AF B(Tcorperate = 0.21 + R E 23] FAAFHLE)

(8). EF W RIr:EE (u=0.125 - Hall et al (2002) &34 A F 34 L A CAPME 45) «
(9). & T B FrA8#230(y=0.5 » Jain and Subramanian (2004) % &) 5 28 244 30 «

(10). & = 5 % F (wage=670,000 : Otio(2014)Table2 &y F1531) «

(11). BEAERFBEHH E - 02000£S&P5004) dividend yvielddb3t (dividend
yield = 1.22% - 3 & A& X Div#) £99,1407)«

(12). AR BRI(O=1.000 THEAERSARETFZ—) ¢
(13). f& ##=3%Ak 4 245 8 (T=10 - Hall et al (2002)8)3 &) «

(14). #2A%4# B $N=7(Otto(2014)Table2 &) & FCEOM S 1 x B E &) T & A
3.087.000 & E 2| A 1058928048 (8 2355 % 530,870,000 » A A EMHE
ARBERAET  0FERR#ERSATRERIEEE DL EEEEEENR
s+ B3/ #Huddart and Lang(1996)Table2 A7 4% £] 89 F3E Tl + © 320 H# &
%> 7) shares outstanding & #z A {E £32.4% > 773 2 50.7%8 #4322 3. F)e

(15). #7275 4 B8 & ¥4 (vesting period)(T exercise=3  Hall et al.(2002) 4448 A-F 530

(16). —$AAFRETREAFEBAEHERE - FNTURY SR A—FF
1248 <TG o3 55 B4R E) «

(17). AXERAZAZIEUW) =e P X WY > 4 8 oy Flieas (it
Oy<l : EpEAARERER P L Rz AR ke

(18). degree of probability weighting & = 0.69 (Sun and Widdicks 2016%% &)+

(19). HE#HE L Rey3dig s A AMMERSREV, + TBy —BCy =Dy + Ep +
ESOp + Salary (Vo AEAAn nd]l EERE - ERFESEAREEAAEA S REE
EREBRHBERME) -«
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Wage=0 19,128,554 38,108,834 57,089,084 75,781,428

Wage=670,000 0 19,548,016 38,805,866 57,903,731 76,827,739

Wage=5,807,000 19,617,143 38,998,455 58,157,763 77,126,071

Wage=0 19,108,772 38,030,405 56,913,767 75,463,482

Wage=670,000 0 19,527,713 38,725,709 57,725,306 76,513,790

Wage=5,807,000 0 19,596,700 38,917,657 57,978,023 76,810,079
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Huddart & Lang (1996) K Carpenter(2019)&3 122 8B T ZE 2 BAIESO
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Optimal exercise ratio
(100% ESO remaining)

Optimal exercise ratio
(90% ESO remaining)

Optimal exercise ratio
(80% ESO remaining)

Optimal exercise ratio
(70% ESO remaining)

Optimal exercise ratio
(60% ESO remaining)

43



Optimal exercise ratio
(50% ESO remaining)

Optimal exercise ratio
(40% ESO remaining)

Optimal exercise ratio
(30% ESO remaining)

Optimal exercise ratio
(20% ESO remaining)

Optimal exercise ratio
(10% ESO remaining)
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Fixed Cost = V*0.0012021*T

. ExeCuCo_mpg,ﬂ
BRENT ”2*1%
Otto(2014);’1

= -~ PREIBIIEE
E0.12021% -

*og=[0.1 0.2 0.3 0.4 0.5]
=0 1 2 maxN]

+y =1[0.1 0.3 0.5 0.7 0.9]
i =p=006=r
« EftiRAFAEE]

17¢
8

~2,000x 1 RSP
ﬁ

2100 ﬁ,E_JT;E

_ ?—‘1;152%99 =) -
IR

AiCh Hiﬁ?g TEE

(#shares outstanding O = 1,000)



18 = 55 KR 20 maxN

s MERELEZ RN LR maxNB | /N REUES

Cost(N = maxN, wage = 0) > target Cost
» ARRIREMR AN EE REBBIES - Etarget CostEE M maxNw
EFE -

NQSO maxN 0=1000 QS0 maxN  0=1000

r A\ o| 0.1 0.2 0.3 0.4 0.5 r A\ o 0.1 0.2 0.3 0.4 0.5
0.1 87.9 70.6 48.9 40.7 33.4 0.1 104.7 71.6 494 4] 33.7
0.3 50.8 46.9 39.9 33.5 28.4 0.3 51.3 47.3 40.2 33.7 28.6
0.5 41.4 36.5 31.1 26.7 23.5 0.5 41.8 36.8 31.3 26.9 23.6
0.7 4] 35.7 30.3 26.2 23.1 0.7 41.3 36 30.5 26.3 23.2
0.9 40.9 35.7 30.3 26.1 23.1 0.9 41.3 35.9 30.5 26.3 23.2




(1)[E ﬁAj%%W$
N wNSTR =R =S R

[1x cost / max [irm leverage value [1x cost / max [irm leverage value
NOQS0 Qs0
Panel & # of ESO (shares outstanding=1,000) Panel A # of ESO (shares outstanding=1,000)
r \a| 0.1 0.2 0.3 0.4 0.5 r \ &
0.1 68.8 42.1 39.6 203 0.1
0.3 45.7 46.4 38 33 28.3 0.3
0.5 38.7 36.5 30.9 26.7 0.5
0.7 36.4 35.7 30.3 0.7
0.9 39.8 35.7 30.3 0.9
Panel B ESO cost f Package cost Panel B ESO cost f Package cost
r \a| 0.1 0.2 0.3 0.4 r \ o

0.1 0.945 0.982
03 0.972 0,995 0.996
0.5 0936 0999 0995 0.998 0.5
0.7 0,998 0.998 0.997 0.7
0.9 0.971 0.998 0.997 0.997 0.9

0.1
0.3
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(2) — /A\\ a 3 E: }ﬂz, ZIK (Oyer and Schaefer(2005) Fi 52 FA i 317 55 85)
j( L = =t 2 [

*ﬁ 1_1/\—_15\ ER

[1x cost / max CE [1x cost / max CE

NSO Q50

Panel A # of ESO (shares outstanding=1,000) Panel A # of ESO (shares outstanding=1,000)

r \o| 0.1 0.2 0.3 0.4 0.5 r \o| 0.1 0.2 0.3 0.4 0.5
0.1 1 0.9 0.8 0.6 0.6 0.1 1.2 1.1 0.9 0.8 0.6
0.3 1.5 1.4 1.2 1 0.9 0.3 1.9 1.8 1.5 1.2 1.1
0.5 3 3.1 2.6 2.3 2.1 0.5 4 3.9 3.3 2.9 2.6
0.7 11.9 13.3 13.5 13.8 14.3 0.7 17.2 18.4 17.8 17.4 17.2
0.9 40.8 35.6 30.3 26.1 23.1 0.9 41.3 35.9 30.5 26.3 23.2

Panel B ESO cost / Package cost Panel B ESO cost / Package cost

r \o| 0.1 0.2 0.3 0.4 0.5 r \o| 0.1 0.2 0.3 0.4 0.5
0.1 0.024 0.025 0.026 0.023 0.026 0.1 0.029 0.031 0.029 0.030 0.026
0.3 0.037 0.039 0.040 0.038 0.039 0.3 0.046  0.050 0.049 0.046 0.047
0.5 0.073 0.087 0.086 0.088 0.091 0.5 0.098 0.109  0.109 0.111 0.113
0.7 0.291 0373 0446 0528 0.618 0.7 0.418 0514 0586 0.663 0.740
0.9 0.995 0997 0998 0997 0.997 0.9 0.999 0998 0998 0.999 0.996
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Fixed CE= 35,879,430

* L{Otto(2014) i R PO B (RAGHE SR BIN=7/ BT F 5
wage=670,000/ 5 1/\T§ZL421J&J&$U%R§DN 99,400)7%% @]

IZMEBET%EQYEQ)ﬂzi B 17) - 0 = 1ERFERE) T - olLIETE
3R Bl 4H =5 (ESONN £ I—E%E)ZEE**FE%’J% 35,879,430 . [
Jtt”W’E?EHFﬁ Y B 1RCE -

= [0.1 0.2 0.3 0.4 0.5]
=[012... maxN]  (#shares outstanding O = 1,000)
*y=10.1 0.3 0.5 0.7 0.9]
‘1 =p=006=r;
» EMIRAAEIE]
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o~ Aok ZlmaxN

« HILFMEREFREB LR maxNF | /N REUERF
CE(N = maxN, Wage = (0) > target CE

%Wﬂﬁxﬁf%% oy N B —RESOEIRCENERIZEEIERN -
W AE TEJ?ZIK EFEiwa e**?@WESO FSwagetx 22X
REQE%E%% A UEFH IR E— 'ﬂEIE/:EJ:BF(N 30 -

wage to # of ESO wage to # of ESO
Case sigma=0.1, gamma=0.1 Case sigma=0.3 , gamma=0.5
7000000 8000000
6000000 7000000
5000000 6000000
5000000
o 4000000 O
a 0 4000000
= 3000000 3
3000000
2000000 5000000
1000000 1000000
0 0
0 10 20 30 0 10 20 30 54
# of ESO # of ESO
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(D)=

| N—

—

M KB

fixed CE / max firm leverage value

7~ —

B2 E(CE)

mANCIL L E]

fixed CE / max firm leverage value

NQ30

Panel A # of EE0 (shares outstanding=1.,000})

T V4 0.1 0.2 0.3 0.4 0.5
0.1 0.2 0.2 0.2 0.3 0.5
0.3 0.3 0.4 0.4 0.4 0.4
0.5 0.6 0.7 0.5 0.9 ]
0.7 1.5 2.6 3.5 4.2 4.5
0.9 12.7 9.2 5.9 3.7 2.4

Fanel B EZ0 cost f Package cost

T A\ 4O 0.1 0.2 0.3 0.4 0.5
0.1 0.013 0015 0015 0.018 0.019
0.3 0.017 0026 0030 0.032 0.031
0.5 0.033 0.045 0060 0076 0.091
0.7 0.083 0.172 0285 0421 0.559
0.9 0.¥22 0969 0994 0973 0985

QE0

Panel A ¥ of EE0 (shares outstanding=1,000)

T VO 0.1 0.2 0.3 0.4 0.5
0.1 0.2 0.2 0.2 0.2 0.4
0.3 0.3 0.3 0.3 0.3 0.3
0.5 0.5 0.6 0.6 0.7 0.5
0.7 1.2 2.1 2.7 3.3 3.6
0.9 10.1 1.2 4.6 29 1.9

Panel B ES0 cost ! Package cost

T A G 0.1 0.2 0.3 0.4 0.5
0.1 0.013 0015 0015 0.012 0.015
0.3 0.017 0020 0.023 0.024 0.023
0.5 0.028 0.039 0.046 0.060 0.075
0.7 0.068 0.144 0.234 0364 0508
nog 0.794 0955 0979 0957 0993




(2)EE 8 L= E(CE)
i/ ME R B3R & B AR

hixed CE / min package cost fixed CE / min package cost
HQS0 QS0

Panel A # of ES0 (zhares ountstand ing=1,000} Panel A # of ES0 (zhares ountstand ing=1,000}

T A\ O 0.1 0.2 0.3 04 0.5 ¥ A\ G 0.1 0.2 0.3 04 0.5
0.1 0.2 0.2 0.2 0.3 0.5 0.1 0.3 0.3 0.3 0.3 0.6
0.3 0.3 0.4 0.4 0.4 0.4 0.3 0.5 0.5 0.4 0.4 0.5
0.5 0.6 0.7 0.5 0.5 0.9 0.5 0.9 ] ] 1.1 1.1
0.7 1.5 2.6 3.3 4 4.3 0.7 2.1 3.9 4.5 4.5 4.7
09 12.7 9.2 5.9 3.7 2.4 09 11.9 14 4.6 2.9 1.9

Panel B ES0 cost f Package cost Panel B ES0 cost ! Package cost

] 0.1 (1 0.3 04 0.5 YT A\ O 0.1 (1 0.3 04 0.5
0.1 0.013 0.015 0.015 0018 0.019 0.1 0.019 0.022 0023 0018 0.023
0.3 0.017 0.026 0.030 0.032 0.031 0.3 0.029 0.033 0.030 0032 0.039
0.5 0.033 0.045 0.060 0.068 0.082 0.5 0.050 0.065 0.076 0.095 0.103
0.7 0.083 0.172 0.269 0402 0.534 0.7 0.154 0.272 0397 0539 0.674
09 0.822 0969 0994 0973 0985 09 0959 0986 0979 0957 0993
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Sorting effect

» Z M2 020yer and Schaefer(2005)FT fAIE DJ’fo/X?E EEES) B
pAlE RS R By B - W DS SR B B B

Agent prefers observe
cash plus option

25%

20%

15%

Optimism

Expected Annual Stock Return

10%

5%




Fixed CE= 35,879,430

* DLOtto(2014) 15 AR g B (RR AR A R BIN=7/ & T & zrwage=670,000/
lE”TE‘ZHjZ!:HzHﬁU%*EDIV =99,400)7£ & iz 35 36 (5 By i Ak 1O
frp17) - 0 = 1ERERE) § - aIDGTE L3I S (ESONN LB E 3
=) ZE@*FFE%’JZ% 35,879,430 . DUt = FRFIry B 1RCE -

= [0.1 0.2 0.3 0.4 0.5]
*N=[01 2...... maxN] (#shares outstanding O = 1,000)

+y =[0.1 0.3 0.5 0.7 0.9]

* 15 =B = 0.06

* u =[0.03 0.06 0.09 0.12 0.15 0.18 0.21 0.24]
« HAth RS
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HOQS0 maxN 0=1,000 QS0 maxN 0=1000
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fixed CE J max assel

fixed CE J/ max assel

NQSO

Panel A # of ESO (shares outstanding=1,000)
uvy| 09 | 07 | 05 | 03 0.1
0.24 1 3.5 3 0.9 0.4
0.21 1.4 4.6 2.5 0.8 0.4
0.18 2 5.7 2 0.7 0.4
015 | 2.8 6 1.5 0.6 0.4
0.12 | 4.1 4.9 1.1 0.5 0.3
0.09 6 3 0.9 0.4 0.3
0.06 | 8.6 1.7 0.6 0.3 0.2
0.03 | 8.7 0.9 0.4 0.2 0.2

Panel B ESO cost f Package cost
uvy| 09 | o7 0.5 0.3 0.1
024 | 0.641 0940 0.298 0.075 0.035
021 | 0.776 0910 0.228 0.065 0.034
0.18 | 0916 0837 0.170 0.056 0.034
0.15 | 0.927 0675 0.121 0.047 0.033
0.12 | 0987 0448 0.085 0.038 0.024
0.09 | 0.995 0240 0.067 0.030 0.023
0.06 | 0.961 0.126 0.043 0.021 0.014
0.03 | 0.687 0.063 0.027 0013 0.013

QS0
Panel A # of ESO (shares ontstanding=1,000)
pyy 0.9 0.7 0.5 0.3 0.1
0.24 1 34 2.1 0.7 0.3
0.21 1.4 42 1.7 0.6 0.3
0.18 2 4.1 1.3 0.5 0.3
0.15 2.8 4.3 1 0.4 0.2
0.12 1.1 3 0.7 0.3 0.2
0.09 59 16 0.5 0.3 0.2
0.06 19 0.7 0.3 0.2 0.1
0.03 2.2 0.3 0.1 0.1 0.1
Panel B ESO cost f Package cost

TN 0.9 0.7 0.5 0.3 0.1
024 | 0640 0910 0207 0058 0026
021 | 0775 0822 0.154 0.049  0.026
0.13 | 0915 0.679 0.110 0.040 0.025
015 | 0926 0474 0080 0031 0016
0.12 | 0987 0269 0054 0023 0016
009 | 0975 0.127 0037 0022 0015
0.06 | 0D.B72 0.052 0022 0.014 0.007
003 | 0.166 0021 0007 0007 0007

p\y 0.9 0.7 0.5 0.3 0.1
0.24 Option Option Option Option All
: package | package | package | package Cash
0.21 Option Option Option tax all
: package | package | package | benefit Cash
0.18 Option Option Option tax all
. package | package | package benefit Cash
0.15 Option Option Option All All
: package | package | package Cash Cash
0.12 Option Option Option All Al
: package | package | package Cash Cash
0.09 Option Option tax All All
. package | package benefit Cash Cash
0.06 Option Option all all All
package | package Cash Cash Cash

0.03 Option tax all all all
i package benefit Cash Cash “ash




+ A
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EJ?ZIKE’J"”*’EHEHWF% i EEBRENR - WHEESTIA
Probability weighting® - FFIRVIR B 72 BUEN 1 70 30 79 F 38 1 SRk 44 F— 24

#E— D@ fix CE / max firm leverage value R OJBE 2 /A B B {TESORE R A T,
o] P Eg RS
« ESOGFHERNTIEM
* ESOSREEvolatility = M 3& N
o # of NQSO > # of QSO
« HRENTICEOEEMOIREHFE  WIRR

t[5] B55 55 50 I /& I/ JLE e
« Oyer and Schaefer(2005) 122 HEFE MR
« Grasselli and Henderson(2009) 2RI EAE R &
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