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Oyer and Schaefer(2005) PUE E HEBAKN - B EE TMARNFHEASIE ;
Spalt(2013)LXlE§IﬁE*“1E 4‘ J\ﬂﬁﬁ%’“ﬁkzﬁ THTEEITIRES ;
2i2 80 (2021) ~ 2150 (2021) QZIKYH%EL@Z%IEIEEQ&TI:T%i

Oyer and Carpenter et al.
Schaefer (2005) | Execu-Comp (2019)

EiRKR Spalt (2013) | Spalt (2013) Otto (2014) | Otto (2014)

Alexander BEillE Huddart
(2007) and Lang (1996)
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- BEIEETIEESHE 73,173,661

EIREARBE (1 =1) RKRER QSO ~ 7 sk EEHIEE F 27 670,000 (Otto (2014)
NERARFIIE) - HRRSHERERRENBLE N ESMNFMEc ZE 1 RESE
& 122,715,112 - BULIRAEIE CE - LEMEME2E (5 (6) EAEEEKEE (0) &
EFFEHSIEESE -

NRBARIZSEEEHERA ESO 5RE

NQSO QSO
o\c 01 | 02 ] 03 | 04 | 05 | 0.6 0\c 01 | 02 ] 03 | 04 | 05 | 0.6
0.69 58 44 32 24 19 16 0.69 45 35 25 19 15 12
0.75 66 54 41 32 26 23 0.75 52 42 32 25 21 18
0.85 77 69 56 46 40 36 0.85 61 55 44 36 32 28
1 85 86 75 66 58 54 1 67 67 59 52 45 42
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KRB BEMAGHIE
- BEBELRRESE  WIMEEsEHT R
NON®, QSO
Panel A # of ESO Panel A # of ESO
0\c 01 | 02 ] 03 | 04 | 05 | 06 o\o 01| 02| 03| 04| 05 | 06
0.69 0 44 32 24 19 16 0.69 45 35 25 19 15 12
0.75 0 54 41 32 26 23 0.75 52 42 32 25 21 18
0.85 0 0 0 46 0 36 0.85 0 55 44 36 32 28
1 0 0 0 0 0 0 1 0 67 0 0 44 0
Panel B package CE / package cost Panel B package CE / package cost
o\c 01 | 02 ] 03 | 04 | 05 | 06 o\c 01 | 02 | 03 | 04 | 05 | 06
0.69 |0.653|0.873|1.012|1.125|1.223|1.283| 0.69 |0.774|1.109|1.274|1.427 | 1.543 | 1.358
0.75 |0.653|0.753|0.835|0.889|0.947 | 0.949| 0.75 |[0.710|0.949|1.051|1.111 | 1.247 | 1.164
0.85 |[0.653|0.653 | 0.653 | 0.663 | 0.657 | 0.668 || 0.85 [0.653]| 0.795|0.820 | 0.834 | 0.832 | 0.806
1 0.653 | 0.653 | 0.654 | 0.661 | 0.670 | 0.678 1 0.653 | 0.672 | 0.654 | 0.661 | 0.687 | 0.678
Panel C ESO cost / package cost Panel C ESO cost / package cost
o\c 01 | 02 ] 03 | 04 | 05 | 06 o\o 01| 02| 03| 04| 05 | 06
0.69 0 [0.9860.992|0.968 | 0.953|0.935| 0.69 |0.980[0.998 | 0.975|0.972 | 0.950 | 0.739
0.75 0 [0.990/0.989|0.969|0.933|0.942| 0.75 |0.993|0.971|0.972 | 0.946 | 0.993 | 0.905
0.85 0 0 0 |[0977| 0 |0.977| 0.85 0 |0.9990.985| 0.962 | 0.990 | 0.916
1 0 0 0 0 0 0 1 0 |0990| O 0 (0946 O

A

BRI =

NQSO = QSO -
5% 0 5R3L maxN

REFFE Spalt (2013) "6 i
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NQSO QSO
Panel A # of ESO Panel A # of ESO
o\c 01| 02| 03| 04 | 05 | 06 o\c 01 | 02| 03 | 04 | 05 | 06
0.69 0 44 32 24 19 16 0.69 0 35 25 19 15 12
0.75 0 54 41 32 26 23 0.75 0 42 32 25 21 18
0.85 0 0 56 46 40 36 0.85 0 0 44 36 32 28
1 0 0 0 0 0 0 1 0 0 0 0 0 0
Panel B package CE / package cost Panel B package CE / package cost
o\c 01 | 02| 03| 04 | 05 | 06 o\c 01 | 02| 03 | 04 | 05 | 06
0.69 |0.653|0.873|1.012(1.125[1.223|1.283| 0.69 |0.653|1.109|1.274|1.427 | 1.543 | 1.358
0.75 |0.653|0.753|0.835|0.889|0.947|0.949| 0.75 |0.653|0.949|1.051|1.111|1.247 | 1.164
0.85 |0.653|0.653 |0.648 | 0.663 | 0.649 | 0.668 | 0.85 |0.653|0.653| 0.820 | 0.834 | 0.832 | 0.806
1 0.653 | 0.653 | 0.654 | 0.661 | 0.670 | 0.678 1 0.653 | 0.653 | 0.654 | 0.661 | 0.670 | 0.678
Panel C ESO cost / package cost Panel C ESO cost / package cost
o\c 01 ] 02| 03| 04| 05 | 06 o\o 01 | 02 | 03 | 04 | 05 | 06
0.69 0 |0.986]0.992|0.968 | 0.953|0.935| 0.69 |0.980|0.998 | 0.975 | 0.972 | 0.950 | 0.739
0.75 0 |0.990]0.989|0.969(0.933[0.942| 0.75 |0.993|0.971|0.972 | 0.946 | 0.993 | 0.905
0.85 0 0 ]0.990|0.977|0.966 | 0.977| 0.85 0 0 |0.985|0.962|0.990|0.916
1 0 0 0 0 0 0 1 0 0 0 0 0 0

AzwZ NQSO = QSO . &
R EE A 0 5R3 maxN

REFFE Spalt (2013) "6 i
N~ g BK - CE — Cost #K |

EBREIF 0 EBLEZ CE <
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QSO RIIBH
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. Em$ﬁ§ AERA VXx0.12% XT

ExecuComp /ﬂr 2017 £ 2500 X~ alSREEEAEBHMER G - GiE L SEE
TR 50~100 BEETHAT] (A AIE Otto (2014) 32 EHYEEEBERS 99.1 8) » —

Eﬁ’ﬁﬁz’ﬂ)ﬂzzw: KMEASMEEN 0.12% - HIEEEE 10 FRIEFE LR AL

99.118x% 0.12% x 104F = 119,128,110 A EHZER{ 7N -

EI

NRBARIZSEEEHERA ESO 5RE

NQSO QSO

5\ | 01 ] 02 ] 03] 04]05] 06| 53¢ |01 02] 03] 04/ 05] 06

069 | 33 | 37 | 31 | 27 | 23 | 21 | 069 | 34 | 37 | 31 | 27 | 23 | 21

075 | 34 | 39 | 33 | 28 | 25 | 22 | 075 | 35 | 39 | 33 | 28 | 25 | 22

085 | 36 | 41 | 34 | 29 | 25 | 23 | 085 | 37 | 41 | 35 | 30 | 25 | 23
1 37 | 42 | 35 | 30 | 28 | 23 1 38 | 43 | 36 | 30 | 28 | 24
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BB B CE
- EEFEHGHARN  MAECELEESE
NON®, QSO
Panel A # of ESO Panel A # of ESO
o\oc 01| 02| 03 | 04 | 05| 06 o\c 01 | 02 ] 03| 04 | 05 | 0.6
0.69 0 37 31 27 23 21 0.69 34 37 31 27 23 21
0.75 0 39 33 28 25 22 0.75 35 39 33 28 25 22
0.85 0 0 0 29 0 0 0.85 0 41 35 30 25 23
1 0 0 0 0 0 0 1 0 42 0 0 27 0
Panel B package CE / package cost Panel B package CE / package cost
o\c 01 | 02 | 03| 04 | 05 | 0.6 o\c 01 | 02 ] 03| 04 | 05 | 0.6
0.69 |0.653|0.872|1.006|1.137]1.230(1.326| 0.69 |0.770|1.102|1.271|1.439 | 1.553 | 1.678
0.75 |0.653|0.753|0.835|0.896 | 0.971|0.973] 0.75 |0.702|0.954|1.056 |1.132| 1.227 | 1.230
0.85 |0.653|0.653|0.653|0.661|0.658 | 0.664 | 0.85 [0.653|0.791]0.819|0.842|0.819]|0.838
1 0.653 | 0.653 | 0.655 | 0.662 | 0.671 | 0.679 1 0.653 | 0.674 | 0.655 | 0.662 | 0.676 | 0.679
Panel C ESO cost / package cost Panel C ESO cost / package cost
o\c 01 | 02 | 03 ]| 04 | 05 | 0.6 o\c 01 | 02 | 03 | 04 | 05 | 0.6
0.69 0 ]0.984|0.979]0.995|0.969|0.981| 0.69 |0.999|0.977|0.972|0.989 | 0.965 | 0.977
0.75 0 ]0.989|0.988|0.985|0.9780.986| 0.75 [0.992|0.981|0.981|0.979|0.973 | 0.981
0.85 0 0 0 10969| O 0 0.85 0 ]0.978]0.993 | 0.996 | 0.965 | 0.968
1 0 0 0 0 0 0 1 0 (0974 O 0 [0884| O

F#H2 NQSO 5 QSO - &
R EEE A 0 5R3 maxN

REEE Spalt (2013) 76
/N~ o #AK - CE — Cost
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HBEREIE 0 EALZR
CE < Cost WIEH
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KRB BEMAGHIE
- EEFREHSTHA  MAIATIEERE
NQSO QSO
Panel A # of ESO Panel A # of ESO
o\o 01| 02| 03 | 04 | 05| 0.6 o\c 01 | 02| 03| 04 | 05| 0.6
0.69 31 37 31 27 23 21 0.69 0 0 0 0 0 0
0.75 34 39 33 28 25 22 0.75 0 0 0 0 0 0
0.85 26 41 34 29 25 23 0.85 0 0 0 0 0 0
1 34 42 35 30 28 23 1 0 0 0 0 0 0
Panel B package CE / package cost Panel B package CE / package cost
o\o 01| 02| 03 | 04 | 05| 0.6 o\c 01| 02| 03| 04 | 05| 0.6
0.69 |0.607|0.872|1.006|1.137|1.230(1.326| 0.69 |0.653|0.653 | 0.654 | 0.659 | 0.671 | 0.692
0.75 |0.551|0.753|0.835|0.896|0.971|0.973| 0.75 |0.653|0.653 | 0.653 | 0.656 | 0.663 | 0.675
0.85 |0.534|0.625 | 0.646 | 0.661|0.649 | 0.663 || 0.85 |0.653|0.653 | 0.653 | 0.655 | 0.658 | 0.664
1 0.483] 0.533 | 0.514 | 0.488 | 0.524 | 0.449 1 0.653 | 0.653 | 0.655 | 0.662 | 0.671 | 0.679
Panel C ESO cost / package cost Panel C ESO cost / package cost
o\oc 01| 02| 03| 04 | 05| 06 o\c 01| 02| 03| 04 | 05| 06
0.69 |0.922]0.984|0.979|0.995] 0.969 | 0.981| 0.69 0 0 0 0 0 0
0.75 |0.9780.989 | 0.988|0.985|0.978 | 0.986 || 0.75 0 0 0 0 0 0
0.85 |0.723|0.986 | 0.972|0.969|0.970 | 0.972 || 0.85 0 0 0 0 0 0
1 0.8990.983 | 0.979 | 0.986 | 0.968 | 0.962 1 0 0 0 0 0 0
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Oyer and Schaefer (2005) 3 47—
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« Oftto (2014) HNEE

:ﬂ

Ew

30%

25%

Optimism

Expected Annual Stock Return

5%

0%

]
S
=

15%

3
R

THEBREE

él%

g =M

HHNETREEIREE
FREA/N - it

LB TR ESO HIREE

nK - WZRBEFRR
#iRry CEO -

AB) B 3 7K SRRV /D

Agent prefers observed
cash plus option
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Tax advantage makes
option package
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. Agent would prefer all-
cash alternative.
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= = T ===
P REE [ 248ZEE
ElEEITHRESE WIVEHEHSTHA
QSO QSO - Kim= NQSO = QSO - &
Panel A # of ESO Panel A # of ESO FHE R ES A maxN
p\ 1 0.9 0.8 0.7 p\n 1 0.9 0.8 0.7
0.24 1 2 2 4 0.24 1 1 2 3 . LEEZE L NQSO % 7
0.21 2 3 4 9 0.21 2 2 3 7 QSO KB
0.18 4 5 10 15 0.18 3 4 8 12 Rz
0.15 9 12 16 20 0.15 7 9 13 15
0.12 15 18 22 25 0.12 12 14 17 20 - BEH Otto (2014)E:FE ™ 4
0.09 21 25 28 32 0.09 16 19 22 25 Y CEO ERE /D ESO (3R
0.06 27 32 36 42 0.06 22 25 28 33 2« T 50, WIES
0.03 35 41 47 53 0.03 28 32 37 42
Panel C ESO cost / package cost Panel C ESO cost / package cost PN
p\n 1 0.9 0.8 0.7 p\n 1 0.9 0.8 0.7 - AFfFE Oyer and Schaefer
024 | 0.051 | 0531 | 0.173 | 0.725 0.24 | 0.075 | 0058 | 0.681 | 0.468 (2005) HEFR R T R A L
021 | 0470 | 0517 | 0.437 | 0.698 021 | 0619 | 0.186 | 0.303 | 0.616 S T EFRIESE K
0.18 | 0.724 | 0.463 | 0.806 | 0.939 0.18 | 0467 | 0.434 | 0.817 | 0972
015 | 0951 | 0.852 | 0918 | 0.975 0.15 | 0.880 | 0.694 | 0.986 | 0.858
012 | 0.877 | 0.896 | 0.970 | 0.955 0.12 | 0892 | 0.844 | 0.921 | 0.974
009 | 0953 | 0.985 | 0.952 | 0.975 0.09 | 0.865 | 0.904 | 0.936 | 0.954
0.06 | 0.945 | 0.993 | 0.975 | 0.997 0.06 | 0.999 | 0.976 | 0.947 | 0.993
003 | 0.969 | 0.993 | 0.999 | 0.965 0.03 | 0.988 | 0.977 | 0.999 | 0.965
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|5 571EH - 10 & ~ 67%

- BASHER ~ BIEAEIR ~ BAILCAIR 98I0 5

Transportation,
Construction and Communication, Finance, Insurance,
Manufacturing and Utilities Rotail and Real Estate Services All

Cme-Digit SIC 1 and 2 3 4 5 6 7 B and 9

Panel F: Number of Months from Grant to Full Vesting (per Grant)
Mean 36.39 4476 44 44 28.13 33.80 40,49 377 I b6.93
Median 48.0:0 48.00 43.0:0 36.00 36.00 48.00 24.00 38.00
S0 15.78 20.34 .48 21.31 19.75 20.57 15.72 20.56

Panel G: Number of Months from Grant to Expiration (per Grant)
Mean 113.06 72.00 120.00 122.40 120.18 120.00 120.00
Median 120, 00 120,00 120,040 120,040 120,00 120, 00 120.00 120,00
S0 19.51 b.48 (0.0 12.63 0.38 0. 00 i0.00 B6.42

Panel H: Fraction of Grants Vested Options That Are Exercized (per Exercise Event)

Mean 0.72 0.54 0.58 .65 0.58 0.67 i0.93 0.67
Median 1.00 1.00 0.67 0.81 0.62 0.61 1.00 0.95

SD 0.35 0.29 0.22 0.36 0.40 0.39 0.18 0.38
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Previous studies of risk, as measured by volatility, and executive stock option exercises.
The table shows seven previous studies of executive stock option exercises, with information about the sample period, sample size, measurement of
volatility, and the estimated impact of volatility (risk) upon early option exercise.

Study Sample Sample size Measurement of Impact of Remarks
period volatility volatility on
early exercise
Huddart and Lang (1996) c. 1985-1995 85,853 exercises by 58,316 Daily stock returns over 1 Mixed Estimates vary across
employees (all levels) at year prior to exercise companies and job ranks
8 companies month and are sensitive to
estimation method
Hemmer, Matsunaga, and 1950 110 exercises by 74 officers Monthly stock returns over Positive WVolatility 1s scaled by
Shevlin (1996) and directors at 65 firms 5 years prior to 1990 Black-5choles hedge ratio
Bettis, Bizjak, and Lemmon 1996-2002 141,020 exercises by Monthly stock returns over Positive
(2005) officers and directors at 3 years prior to exercise
3,966 companies date
Armstrong, Jagolinzer, and ¢ 1995-2005 17,570 exercises by 15409 Daily stock returns over 1 Not significant
Larcker (2007) employees (all levels) at year prior to exercise
10 firms date
Klein and Maug (2012) 1996-2008 23,646 exercises by 13,948 Weekly stock returns over Weak but Estimates are significant
officers and directors at 1 year prior to vesting positive only in certain models
2,008 firms date
Carpenter, Stanton, and 1981-2009 687,594 exercises by Daily stock returns over 66 Negative Uses computationally
Wallace (2015) 419,822 employees at days prior to grant date intensive generalized
102 firms method of moments
(GMM) estimation
Heron and Lie (2017) 1994-2011 37,330 exercises by officers Daily stock returns over 1 Negative Differentiates between

and directors at a large
number of companies

year prior to exercise
year

idiosyncratic and
systemic volatility




o 107 Cas_h salary(yr) tul ESO(NQSO) clost g X 107 Ca.sh salary(yr) to ESO(QSO) cost
o Cash salary/yr=0 - Cash salary/yr=0
o Cash salary/yr=670,000 8 Cash salary/yr=670,000
| Cash salary/yr=5,807,000 71 Cash salary/yr=5,807,000
_ 6 . 6
2] : 54
& A - o |
2r a2t
1} 1t
0 : : 0 ' ; ;
0 0.5 1 15 2 0 0.5 1 15 P
# of ESO (%/shares outstanding) # of ESO (%/shares outstanding)
% of shares 0.5 1 1.5 2
NOQSO wage = 0 22,327,890 | 44,480,773 66,460,697 | 88,327,434
A wage = 670,000 22,313,801 44 452,705 66,418,760 88,271,692
wage = 5,807,000 22,205,931 | 44,237,809 66,097,675 87,844,907
0SO wage = 0 22,256,074 44 388,288 66,254,439 87,671,127
A wage = 670,000 22,243,117 | 44,360,279 66,212,633 87,615,840
wage = 5,807,000 22,135,634 | 44,145,830 65,935,608 87,192,532
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TABLE 2
Calibration Results

Table 2 presents the difference of certainty equivalent and the Black-Scholes (1973) value for one option, scaled by the
share price Py, for different combinations of probability weighting and firm volatility. The model predicts employee stock
option plans if CE > BS (cells with bold numbers in the table). Larger stock option grants are predicted for larger values
of CE — BS. The calculations assume a lognormal stock price distribution with T = 4 years and r = 5%. The strike price of
the option, K, is set equal to the grant date stock price Pp. Preference parameters are e« = 0.88 and A = 2.25. Panel A
gives results when the reference point for one option is the Black-Scholes value (i.e., 8 = BS). Panel B gives results when
the reference point for one option is 8 = Pgeﬂ— — K

Probability
Weighting Firm Volatility
5 20% 25% 30% 35% 40% 45% 50% 60% 70% 80%

Panel A. CE — BS Scaled by Pp When 8 = BS >
0.40 0.093 0.175 0.289 0.443 p.BSD 0.926 1.290 2.394 4.268 7.406
0.50 0.024 0.068 0.126 0.204 0.306 0.436 0.602 1.074 1.807 2.925
0.60 —0.028 —0.012 0.010 0.041 0.083 0.136 0.204 0.392 0.669 1.067
0.63 —0037 -—-0028 -—0.012 0.010 0.041 0.081 0.133 0.276 0.488 0.790
0.65 —0045 —-0041 —-0032 -—-0017 0.004 0.033 0.070 0.176 0.334 0.559
0.68 —0048 —-0052 —-0049 —-0041 —-0.028 —-0.010 0.016 0.091 0.204 0.367
0.70 —0052 —-0056 —0059 —-0061 —0056 —0046 —0.031 0.017 0.094 0.206
0.75 —0058 —0065 —-0071 —00OV6 —0081 —008 —-0.088 —-0.091 —0073 —0.035
0.80 —0064 -—-0073 -—-0082 -0091 —-0099 -—-0107 -—-0114 —-0126 -—-0.135 —-0.141
0.90 —-0074 -—-0088 -0.102 -0117 -—-0131 —-0146 -—-0.161 —0.191 —-0220 —0.249
1.00 -0082 -0100 -0.119 -0138 -—-0.157 —-0177 —-0.198 —0240 —-0284 —-0.327

EREN

« o 8K - ESO sRB#Z

TABLE 4

Sorting Results

Table 4 presents employee stock option (ESO) grants sorted by firm volatility. Volatility is the annualized total volatility
computed from 3 years of daily stock returns. A firm has a broad-based stock option plan in the firm-year (ESOPlan = 1} if
the number of nonexecutive ESOs is positive and greater than 0.5% of the number of shares outstanding. The per employee
number of options is the number of options granted per nonexecutive employee. The number of nonaxecutive employees
are computed by correcting the total number of employees by the executives listed in ExecuComp and other high-ranking
executives. The correction is based on estimating the total number of executives in a firm by taking the square root of the
total number of employess. Nonexecutive employees are defined “broadly” as all employees of the firm except those listed
in ExecuComp. Black-Scholes (1973) values are calculated based on the average of the grant date stock price reported
in ExecuComp for all grants in a given firm-year. Maturity of the options and risk-free rate of interest are uniformly set to
7 years and 5%, respectively. The ttest and Wilcoxon rank-sum test are used to test the difference in the per employee
number of granted options across adjacent quintiles.

Panel A. Mean
Percentage Pear Empl.
Firm of Firms Pear Empl. t-Test of Per Empl. Mo. of
Volatility Firm with ESQ Per Empl. Ma. of Difference BS-Value Options
Quintile Volatility Plan BS-Value Options [p-value] (broad) (broad)
1 25.01% 41.14% $353 63 — $571 112
2 33.37% 46.85% $080 124 0.00 $1,349 209
3 41.76% 52.89% $1,731 213 0.00 $2,206 289
4 54.29% 68.00% 4,448 526 0.00 $5,175 787
5 T7.10% 83.57% $13,032 1,967 0.00 $13,087 2741
Panel B. Median
Wilcoxon Per Empl.
Firm ESO Plan Par Empl. Test of Per Empl. Mao. of
Valatility Firm at Median Per Empl. No. of Difference BS-Value Options
Quintile Volatility Firm BS-Value Options [p-value] (broad) (broad)
1 23.88% No 30 0 — $201 55
2 31.35% Mo $0 0 0.00 $279 55
3 39.39% Yes $71 17 0.00 $456 76
4 52.05% Yes $564 a7 0.00 $1,080 176
5 T2.66% Yes $4,844 842 0.00 $5,670 989
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maxN
n\n 1 0.9 0.8 0.7 p\n 1 0.9 0.8 0.7
0.24 1 2 2 4 0.24 1 1 2 3
0.21 2 3 4 9 0.21 2 2 3 7
0.18 4 5 10 15 0.18 3 4 8 12
0.15 9 12 16 20 0.15 7 9 13 15
0.12 15 18 22 25 0.12 12 14 17 20
0.09 21 25 28 32 0.09 16 19 22 25
0.06 27 32 36 42 0.06 22 25 28 33
0.03 35 41 47 54 0.03 28 32 37 42
Panel A # of ESO Panel A # of ESO
n\n 1 0.9 0.8 0.7 p\n 1 0.9 0.8 0.7
0.24 1 2 2 4 0.24 1 1 2 3
0.21 2 3 4 9 0.21 2 2 3 7
0.18 4 5 10 15 0.18 3 4 8 12
0.15 9 12 16 20 0.15 7 9 13 15
0.12 15 18 22 25 0.12 12 14 17 20
0.09 21 25 28 32 0.09 16 19 22 25
0.06 27 32 36 42 0.06 22 25 28 33
0.03 35 41 47 53 0.03 28 32 37 42




