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Foreword

KPMG's Global Valuation Institute
("GVI") is pleased to introduce its first
management paper since the launch of
our research agenda about a year ago.

As an independent think tank we recognise
that valuation is a constantly evolving
discipline that has been shaped by

practical and theoretical advances. Many
high quality research papers on valuation
subjects never find their way to influencing
the evolution of standards and practice due
to alack of exposure to practitioners.

Our goal is to act as a catalyst for the
adoption of breakthrough valuation
research.To this end, KPMG's GVI benefits
from the expertise of an Academic
Advisory Board comprised of professors
from Beijing University in China,
Northwestern University in the US and
Oxford University in the UK. This Board
designs a research agenda and selects
and reviews the research we sponsor.

We work closely with researchers to
present their managerial papers in

a format that is understandable to a
broad range of business professionals.
This includes illustrative papers with
applications and/or case studies. Through
this process, we keep KPMG's global
network of 1,200 valuation professionals
informed of emerging valuation issues.

This managerial paper Valuing employee
stock options (ESOs) and restricted stock
in the presence of market imperfections
is authored by Simon Benninga and
Menachem Abudy. Simon is a professor
of finance at the University of Tel Aviv and
a visiting professor at the \Wharton School
at the University of Pennsylvania. He has
an impressive research background and
comes with a practical sense of business
issues, notably financial modelling.
Menachem, Assistant Professor, has a
PhD from the University of Tel Aviv and
teaches financial modelling in the School
of Business at Bar llan University.

\We believe that their work is an important
contribution to the subject of ESO
valuation for economic purposes. Their
research uses an alternative perspective
on employee early exercise that is
illustrated utilising an actual database of
employee stock options including both
grants and exercises. Using this data, the
authors estimate that the value of stock

© 2012 KPMG International Cooperative (“KPMG International”). KPMG International provides no client services and is a Swiss entity with which the independent member firms of the KPMG network are

options to ESO holders is 50% lower
than that computed using the contractual
lives of the options. This finding echoes
the mechanics of methods used to value
ESOs for financial reporting purposes,
which use the expected term of an option
rather than its contractual term.

For simplicity and ease of computation
purposes, the authors use an extension
of the binomial model. As a reminder,

a binomial model calculates a range of
prices of an underlying instrument (equity
or bond) over a certain period of time. A
binomial tree is constructed for a number
of time intervals between the valuation
date and the expiration date of the option.
At each time interval, it is assumed that
the underlying instrument price will

move up or down by a certain factor,
which results in two state prices: one for
“Up"” states and one for “Down" states
at each interval. Here, the authors posit
that since the ESO holders are restricted
in selling their options, a different set of
state prices (“private state prices”) holds:
a factor (§) is adjusted to state prices to
reflect the non-diversification of ESOs.
The authors state that the consequence
of this is that an ESO holder will find

it optimal to exercise early his options
when considering private state prices.

The implications of this research are
many. They include future research

on: the design and implementation

of management incentive plans, the
assessment by financial analysts of the
effect of an ESO plan on a company’s
equity valuation, input to standard
setters and regulators that helps them
understand employees’ perspectives of
ESQOs' fair value and guidance to ESO
holders for economic value.

We caution the reader that although

we believe this research is a significant
contribution to the subject of ESO
valuation from an economic standpoint,
the methods developed by the authors
are not consistent with current financial
reporting standards such as IFRS 2, Share-
based Payment, which establishes the
measurement objective for share-based
payments accounted for under IFRSs.
IFRS 2 includes detailed guidance on
how ESOs and restricted stock awards
should be valued for financial reporting
purposes. For example, the discussion

of restricted shares in the paper applies
the diversification factor calculated for
employee stock options to value restricted
shares, on the basis that an employee’s
inability to sell the restricted shares during
the vesting period makes them less
valuable to such employees. However,
IFRS 2 provides that the effect of non-
market vesting conditions be ignored

in measuring share-based payments.
Similarly, the volatility estimates used

in the paper are not consistent with

IFRS 2's requirements related to the
estimation of expected volatility. However,
notwithstanding limitations on the
application of the approach for today’s
financial reporting, we believe that this
paper provides an innovative perspective
on employee early exercise behavior.

This paper is the first of a series that will
be sponsored by KPMG's Global Valuation
Institute. As practitioners, we trust that
you will find these of interest.

Yves Courtois
Partner
KPMG in Luxembourg

Doug McPhee
Partner &
KPMG in the U.K. A

Jean Florent Rerolle
Partner
KPMG in France
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Abstract

We, Simon Benninga and Menachem Abudy, have developed a
new technology for valuing financial assets such as employee
stock options and restricted stocks. Our model takes explicit
account of the non-diversification of the owner of the asset. The
model is an extension of the common binomial pricing model and
Is relatively easy to implement. This paper explains the issues and
uses a database of employee stock options to estimate the model
parameters and the value of stock options grants to employees.
Using our model, we find that the value of employee stock options
on the grant date is approximately 50% of a plain vanilla call option
calculated using the Black-Scholes formula.

Menachem Abudy
Assistant Professor

Bar-llan University

E: menachem.abudy@biu.ac.il

Simon Benninga
Tel Aviv University
E: benninga@post.tau.ac.il

"The authors thank KPMG for a research grant. We also thank Tamir Fishman & Co. for providing
the data used in this study, with special thanks to Yaniv Shirion from Tamir Fishman for his
assistance and effort with the data. This paper is based on Abudy's dissertation atTel Aviv
University. Previous research and Abudy'’s dissertation benefited from a grant from the Israel
Institute of Business Research atTel Aviv University and the support of the Max and Steffi Periman
Chair of Financial Economics at Tel Aviv University. We thank Ralph Rogalla, Mark Wahrenburg,
Yves Courtois, Tim Jenkinson, Linda Vincent, and Guohua Jiang for helpful comments. An Excel®
notebook with the models and examples from this paper is available from the authors.
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1.

Introduction

In this paper the authors introduce

a simple model for the valuation of
employee stock options (ESO) that
takes account of market imperfections.
The model, based on a paper by
Benninga, Helmantel, Sarig (2005,
henceforth BHS) directly incorporates
non-marketability into asset valuation
and is easy to implement in a binomial
framework. A simple extension of

the model can also be used to value
restricted stock units (RSU).

The extensive literature on employee
stock options can be divided into three
segments. Our model relates to all three
of these segments:

Valuation of ESOs: A significant
segment of the literature discusses

the value of an employee stock option.
The arbitrage-pricing approach of this
literature (for example Hull-White 2004,
Cvitani¢ et al. 2007) uses either lattice-
based or continuous-time valuation
frameworks to value the ESO with its
special features. The utility approach of
the valuation literature assumes that an
employee has a utility function and uses
utility-based models to value the ESO
(for example Hall and Murphy 2002).
Both the arbitrage approach and the
utility approach to valuation tend to the
conclusion that the Black-Scholes and
binomial pricing models overvalue ESOs.
However, while the arbitrage strand of
the literature results in explicit pricing
formulas of ESOs, the utility approach is
not as explicit — pricing in this approach is
a function of risk aversion and employee
income and wealth.

Our model falls into the category of the
arbitrage approach models. However,
whereas the arbitrage-approach models
cited above require somewhat arbitrary
assumptions about early exercise, our
model endogenizes this decision into
the pricing function.

Documenting employee behavior:
Another segment of the ESO literature
documents actual behavior of the
holders of employee stock options.

Typically this strand of the literature
documents the early-exercise behavior
of ESO holders. Huddart and Lang
(1996, 2003), Carpenter, Stanton and
Wallace (2009) are typical exponents of
this part of the literature.

The employee-behavior part of the ESO
literature shows clearly that employees
tend to early-exercise their options.
This behavior contradicts the prediction
of standard option-pricing models, in
which early exercise of calls is nearly
always sub-optimal. Early exercise of
ESOs has been attributed to various
reasons, typically the difficulty of
employees hedging or trading their
ESOs, even when the vesting period
has passed, because of the long-term
nature of the ESO.

This paper is also part of the employee
behavior strand of the ESO literature

in two ways. First, analytical model
explains early exercise of ESOs by
pricing the non-diversifiable aspects of
the ESO. Second, our large and unique
database of Israeli ESOs enables us

to both document early-exercise and
calibrate our model’s non-diversifiability.

Accounting cost of ESOs: IFRS2

and FAS 123R require an attribution of
cost to the grant of employee stock
options. Abstracting from philosophical
issues of cost versus value' the actual
implementation of the accounting
regulations typically ascribes the

ESO cost using a standard valuation
model, be it Black-Scholes or one of the
other lattice models discussed above.
Roughly speaking this literature (of
which Chance 2004, Rubinstein 1995,
and Hall and Murphy 2002 are the most
important articles) discusses whether
the accounting cost of an ESO should
be its value in a perfect-markets setting
or the value incorporating the various
option restrictions. Our contribution to
the accounting discussion is to provide
an explicit pricing model that accounts
for non-diversification and is both
easily implementable and has some

1 See Chance (2004) and Rubinstein (1995). We find this discussion too philosophical and abstract to be useful.

connection to the non-diversification of
the ESO holder.

Another approach to this problem is due
to Finnerty (2005). Finnerty describes

a framework in which an investor buys
the ESO rights from an employee.
These rights are freely transferable, and
the outside investor is fully diversified
with respect to the risk associated with
each ESO.The price of the ESO rights
contract is negotiated between the
employee and the investor therefore
measures the value of the ESO to the
employee. Our model has a different
perspective: We assume that the
employee granted ESOs cannot achieve
full diversification, and consider this
explicitly in the pricing model.

A further contribution of our model is
to the pricing of restricted stock units.
Current accounting regulations require
that RSUs be priced at the market value
of the stock on the grant date. Our
model prices the RSUs and shows that
their true economic value is far below
the market value. We thus provide the
basis for an “argument” with the IFRS
and FASB.

To download the relevant
Excel files associated with

this paper, please visit
http://simonbenninga.com/
Abudy-Benninga.xlsm
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2. Areview of the binomial model

The binomial model of Cox, Ross and Rubinstein (1979) is, after the Black-Scholes
(1973) model, the best-known option pricing model. In this section we review

this model. The advantages of the binomial model are its simplicity, its easy
computability, and (under appropriate assumptions) its congruence with the Black-
Scholes framework.

The graphical version of this model is well-known:

| Stock price | s
SU? <

~su < - sUD

- sD < - sup?
SD? <

- sD?

Date O Date 1 Date 2 Date 3
v <
e

. R3

Date O Date 1 Date 2 Date 3

Source: Global Valuation Institute Research Report, KPMG International, 2011

The binomial model prices asset by establishing two state prices: The state price g,
is the per-dollar discount factor for dollars in the “Up” state and the state price g, is
the perdollar discount factor for the “Down" state.

Graphically:
a, <

Notice that g, + g, price an asset that pays off 1 in each of the future states. The

financial meaning of this property is that the sum of the state prices will price a

risk-free asset, (i.e., & = g, + g, where R is one-plus the risk-free interest rate). It
U

can be shown that g, = a7%;, Gy = mity -

1
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Box 1:Technical details about the binomial model

After the Black-Scholes model, the binomial option pricing model is the best-known option pricing
framework. The bare bones of the model are explained in Section 2 of the paper. In this box we
explain how we use the model for the pricing routines illustrated in the Excel spreadsheet that
comes with this paper.

Suppose we are trying to price an option on a stock. Suppose further that the option has exercise
price X and that the current price of the stock is S. We divide the interval (0, T) into n subintervals
of length At: {0,At 2At,...,nAt = T}. The binomial model assumes that in each time period At the
price of the underlying asset either goes up by a factor U or down by factor D. R is one-plus the
interest rate in the economy. U, D, and R are related to the size of the interval At, but for simplicity
we have repressed this relationship in our notation. For completeness: If U and D are derived from
a lognormal process with annual mean p and standard deviation o, then U = exp|:‘uA+o'\/E:|,

D= exp[uA— ox/A_tJ, and R = exp[rAt].

To prevent arbitrage, it must be that U> R > D. No-arbitrage opportunities exist in the market. Thus
at time At is the stock price is either SU or SD. By recursion, the price of the underlying asset at time
jAt is one of the following prices: {SUf, SUD,SUD?,..., SD’ }

The one-period state prices are used to price the returns. We write them as g, = (R—D)/ R(U-D)
andg, = (U-R)/R(U-D). Given the state prices, we can easily price European or American
options. For example, a European call and put on the stock with expiration Tand strike X can be
priced by:

Call = 2( ’ ) q,qy Max(SU'D™ - X,0)
i=0
Put = 2 ( 7 ) q,q5 ' Max(X -SU'D™,0)

i=0

American options can also be priced by using the state prices.?

2 See, for example, Benninga, Financial Modeling, 2008, Chapter 19 for details.

© 2012 KPMG International Cooperative (“KPMG International”). KPMG International provides no client services and is a Swiss entity with which the independent member firms of the KPMG network are affiliated. All rights reserved.
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3. Public versus private state prices

Our model is based on the assumption
that state prices depend on whether an
individual can freely dispose or buy the
asset under question. If an individual
operates in competitive markets, then
the asset is priced by “public state
pricesquub/ic — RfU-DD) and qgub//c — R(Uu;-RD)
as defined in the previous section.

If, however, the holder of the asset

is restricted in selling the asset, we
assume that a different set of state
prices holds. \We call these prices the
“private state prices” and assume that

private __ ~ public

qy " =G, -9
private __ .~ public

""" =qp " +d

The easiest way to think about public
versus private state prices is to
consider a numerical example. Suppose
that g/ = 0.3, g5 = 0.6.This means
that an asset paying 1 in the Up state
and 0 in the Down state is valued at 0.3
today and that an asset paying 0 in the
Up and 1 in the Down is valued at 0.6
today. It also means that the interest
rate is 11.11%:
r=R-1= !

— 1 1=5-1=11.11%
q5ub//c N qgub/:c 0.9

Now suppose that, following our model,
restricted assets are priced by private
state prices. If & = 0.02 then:

g =03-§=0.28

g5 =0.6+8 = 0.62

The private state prices indicate that
assets that pay off in the Up state are
worth less than if they were traded and
assets that pay off in the Down state

are worth more. This means that a call
option is worth less in the “private
market” than in the “public market."?
We assume that g/ + g5 = 0.9,
so that the interest rate in the private
market is the same as that in the
public market.

The intuition behind the private state
prices is that an individual who holds
restricted assets — be they stock or
employee stock options — suffers

from non-diversification, and that this
non-diversification expresses itself

in the individual having a more-than-
optimal amount in Up states and
less-than-optimal amount in Down
states of the world. This interpretation
of non-diversification means that the
non-diversified individual's state price
for the Up state is less than the public
price and that her state price for the
Down state is more than the public
price — if it were possible to diversify,
the individual would transfer some of
her consumption from the Up to the
Down state. Behind this story is the
assumption that when the individual is
non-diversified, she is more exposed
to the underlying asset'’s volatility.
Consider, for example, an employee
in XYZ Corp. who has been given
employee stock options in XYZ as part
of her compensation package. Since
the employee’s wages are already tied
to the fortunes of XYZ, the addition

of (restricted) stock options further
increases the employee's dependence

3 Of course there is no “private market,” but we use this as convenient shorthand.

4 The assumption of equal access can be weakened, but this does not materially affect our theoretical conclusions.

on the company. If the employee were
allowed to optimally diversify by selling
the options, she would purchase assets
that are negatively correlated with the
fortunes of XYZ, paying off more if XYZ
ended in a Down state of the world. The
fact that she cannot diversify leads her
to value Up-state payoffs less than the
market and Down-state payoffs more
than the market valuation.

We express this non- diversification of
the ESO holder by assuming that her
private state prices value the Up state
of the world is less than the public state
prices and that the private state prices
value the Down state of the world is
more than the public state prices. This
is what is meant by the conditions

private

private __ .~ public __ ~public
Qu =qy _‘5:‘:70 =dp +5_

The symmetry in d means that
q{jrivate + qurivate — qgub/io + qgub/io — %

and is meant to express the assumption
that the non-diversified individual has
the same access to borrowing/lending
markets as the diversified individual.*
Put differently, the derivation of the
standard binomial model is made under
the assumption of competitive markets,
in which the risk free rate R is the same
for borrowing and lending purposes.

If & is the same for the Up and Down
states, this means that the perspective
of the economic agent is changing,

but his ability to access the borrowing/
lending markets remains the same.

© 2012 KPMG International Cooperative (“KPMG International”). KPMG International provides no client services and is a Swiss entity with which the independent member firms of the KPMG network are affiliated. All rights reserved.
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Private state prices lead to early call

option exercise

A remarkable result of our public vs.

paying stock is always higher than the

private pricing model is that an individual  option’s intrinsic value.® If, however, the

who prices options using her private
state prices will find it optimal to
early-exercise a call option.To frame

individual prices an option using private
state prices, this result no longer holds,
and there is always a point where the

this result, recall that a standard result in  individual would prefer early exercise to
option pricing theory is that the market continued holding of the option.

price of call option on a non-dividend

k'

- . *

y

P - .I
r

7_
Box 2: Pricing options using
private state prices

The pricing of an option using private instead of public state
prices is a simple technical matter. Recall from the previous
box that the binomial pricing model for an option which is
marketable is given by:

Call = 2( r?)(q,’]“b”c )/. (a5 )n_i Max (SU'D™ - X,0).

izo \ !
To price a restricted security like an employee stock option, we
simply substitute the private state prices for the public prices in
the above formula:

Restricted call = i(?j(qgrivate )/’ (qgn'vate )n—i MaX(SU/Dn—f i X,O)

i=0

Details of our pricing models are in an Excel notebook available
from the authors by writing benninga@gmail.com.

The spreadsheets on the next page show some sample
calculations.

5 This result is so well-known that it really requires no referenge, BUSEhe tel
itin Hull (2010). g

ith which the indeg me:‘rms of the KPMG k are affiliated. All righ
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Two numerical examples in Excel

B Cc

Simulating public and private call valuations
Valuing an at-the-money employee stock option (cell B26)

E Stock price, S 50.00
m Option exercise, X 50.00
m Option maturity, T 4

6  Stock price process

w, mean 15%
m o, standard deviation 25%
E r, risk-free 2%
ELN at, time interval 0.004  <-=1/250
m Up 1.0165  <—=EXP(mu*delta_t+sigma*SQRT(delta_t))
EEN Down 0.9849 <~ =EXP(mu*delta_t-sigma*SQRT(delta_t))
(14 10001  <-=EXP(rf*delta_t)
16 Public state prices
U o, 0.4796  <—=(R_-Down)/(R_*(Up-Down))
18 [EREE 05204 <-=1/R_-B17
20 Private state prices
m 8, non-diversification effect 0.15
22 CRaGS 0.3296 <-=B17-delta

m g, AR 0.6704 <—=B18+delta

X8 Public option price (~Black-Scholes)  11.5246 <~ =Binomial_eur_call(Up,Down,R_,B2,B3, ROUND(B4/delta_t,0),0)
m Private option price 4.4036  <—=Binomial_eur_call(Up,Down,R_,B2,B3,ROUND(B4/delta_t,0),delta)
27/ Intrinsic 0.0000 <-=MAX(B2-B3,0)

Source: Global Valuation Institute Research Report, KPMG International, 2011

© 2012 KPMG International Cooperative (“KPMG International”). KPMG International provides no client services and is a Swiss entity with which the independent member firms of the KPMG network are affiliated. All rights reserved.
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B C

Simulating public and private call valuations
Valuing a deep-in-the-money employee stock option (cell B26)

E Stock price, S 80.00

m Option exercise, X 50.00

m Option maturity, T 1
5

6  Stock price process

w, mean 15%
m o, standard deviation 25%
m r, risk-free 2%
I At time interval 0.004 <-=1/250

1.0165 <-=EXP(mu*delta_t+sigma*SQRT(delta_t))
0.9849 <—=EXP(mu*delta_t-sigma*SQRT(delta_t))
1.0001 <-=EXP(rf*delta_t)

15

16 Public state prices

17 qUPuinc

Public
%

0.4796 <—=(R_-Down)/(R_*(Up-Down))
0.5204 <-=1/R_-B17

19

20 Private state prices

m §, non-diversification effect 0.2
(22 R 0.2796 <-=B17-delta
Bl o 0.7204 <-=B18+delta

Public option price (~Black-Scholes) 31.1350 <- =Binomial_eur_call(Up,Down,R_,B2,B3,ROUND(B4/delta_t,0),0)
Private option price 23.7431 <-=Binomial_eur_call(Up,Down,R_,B2,B3,ROUND(B4/delta_t,0),delta)
77/ Intrinsic 30.0000 <-=MAX(B2-B3,0)

Source: Global Valuation Institute Research Report, KPMG International, 2011

Notes to the examples: These spreadsheets show two typical calculations for the
Black-Scholes and the private valuation of an option. In the top example we value
at at-the-money option with 4 years to maturity. Given 8 = 0.15, the Black-Scholes
price (cell B25) is 11.52 whereas the private valuation is 4.40. This example might
be typical of a valuation of the valuation of an employee stock option at issue; it
shows the dramatic difference between the valuation of the option were it to be
marketable versus its valuation as a private, non-diversifiable security.

In the second example we value a deep-in-the-money ESO with one year to maturity.
In this particular example, the private option price is 23.74 (cell B26), which is less
than the intrinsic value of 30 (cell B27). Thus —in the absence of the opportunity to
sell the option —the holder of the option would prefer to exercise early.

Technical note: The valuation in cells B25 uses a binomial model, which for the
small time interval (At = 0.004) is very close to the Black-Scholes valuation.

Excel note: All of the tables and Excel example in the paper are included in an
Excel notebook available from the authors.

© 2012 KPMG International Cooperative (“KPMG International”). KPMG International provides no client services and is a Swiss entity with which the independent member firms of the KPMG network are affiliated. All rights reserved.



10| Global Valuation Institute Report

When we graph the Black-Scholes price, the intrinsic value, and the private option In the above drawing, this happens
price, we clearly see that the private price intersects the intrinsic value: when S =54.62.The operative
conclusion: If the holder of an ESO is
past the vesting period and the stock

60 — price > 54.62, then early exercise of the
ESO is optimal.

Call Price: Black-Scholes, Intrinsic Value, and Private Value

50 — We can easily do sensitivity analysis
on these computations to show the

following:

Black-Scholes price
40 — Intrinsic value
—— Private value, delta =0.2

e The crossing point (where intrinsic
value = private value) is always

30 greaterthan S= X

e The crossing point is a decreasing
function of 6. Larger & implies that the
crossing pointis closerto S= X

20

10 e The crossing point is a decreasing

function of time to option maturity.

S, stock price

0 B e o T HS ] The larger the option maturity, the
0 10 20 30 40 50 60 70 80 90 100 closer is the crossing pointto S= X
Source: Global Valuation Institute Research Report, KPMG International, 2011 These points are illustrated in the graphs

on the following page.

work are affiliated. All rights reserved.



The effect of 5 and time to maturity T on the public vs private prices

Higher 6 Drives Early-Exercise Point Closer to X

60 —

50— Intrinsic value
Black-Scholes price

10 —a— Delta =0.1

—e— Delta=0.3
—o— Delta=0.4

30

20

10

0 10 20 30 40 50 60 70 80 90

S, stock price

Source: Global Valuation Institute Research Report, KPMG International, 2011

HigherT Drives Early-Exercise Point Closer to X
In these simulations, § = 0.20

50 —
40 —
—o— |ntrinsic value
D 1o
—— T:2
—T— T:3
20
10
0

0 10 20 30 40 50 60 70 80 90

S, stock price

Source: Global Valuation Institute Research Report, KPMG International, 2011

100

100
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4.

Estimating the public
versus the private state prices

In this section we calibrate our model
and estimate the non-diversification
measure d using a proprietary data set
of employee stock option grants and
exercise records. This proprietary data
set was obtained from TamirFishman &
Co., an Israeli based investment house
which offers management services of
share-based compensation programs.
To respect the anonymity of the data,
we identify the companies by a two-
digit code and report the results on an
aggregate level using a two-digit SIC
code.

The Tamir-Fishman database is
comprised of complete histories of
stock option grants, vesting structures,
option exercises and cancellation events
for employees in both private and public
firms. The employees in the database
work in firms which are located in

Israel. These firms include subsidiaries
of international companies and Israeli
firms traded in foreign stock exchanges.
We identified 94 firms in the database
that are either currently public, or were
public in the past, and private firms that
were acquired by a public firm and now
serve as its subsidiary granted Stock
Ownership Plans (SOPs). These firms
are traded in Israel, U.S. and European
stock markets.®

We process the data according to the
following criteria:

e Employees are sometimes forced to
exercise their stock options. These
forced exercises are usually results

of job termination and mergers and
acquisitions.” We are interested

in voluntary exercise records and
therefore exclude all exercise
records that were made 100 days
before or after the employee’s job
termination date. The 100-day period
relates to the common practice

that allows employees up to three
months to exercise their stock
options after they cease working in
the company. We exclude 100 days
preceding the job termination date to
account for the case that the option
exercise is part of a plan to cease
working in the company.

e |n order to price stock options we
need to estimate the standard
deviation of the underlying stock —a
component in setting the value of
the state prices as demonstrated in
Section 2. \We use historical volatility
as a proxy of the underlying asset’s
standard deviation. As a result, we
only relate to options that were
granted while the underlying security
was traded, and exclude exercise
records in case the grant date
occurred prior to the company'’s IPO.

e \We require a minimum of 14 trading
days in a month. The reason is
straightforward: Stocks with low
trading volume underestimate the
volatility measure. Therefore, we
exclude exercise records in months
that this criterion is violated.

6 Since we are analyzing proprietary data, we cannot compare it to other databases or to employee behavior in
other countries. We feel confident in our numerical calibration, however, since our database represents a wide

spectrum of firms listed in the U.S., Europe and Israel.

7 Forced exercise due to job termination or as a result of mergers and acquisitions is a common practice. In case
the company did not force early exercise and the employee exercised his option during 100 days from the job
termination, we did not exclude his exercise records from our sample.
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e To refrain from bias in the estimation,
we exclude exercise records in case a
single exercise record resulted in less
than 50 shares.

e A stock option with an exercise price
of zero is parallel to restricted stock,
since the option holder does not pay
any amount upon exercise. Since we
focus on ESOs, we exclude exercise
records with exercise price lower
than 0.1.

e \We exclude ESO exercise records
that were 100 days before the
contractual expiration date of the
option. As presented on Section 2,
the private pricing model results in
endogenous early exercise decision.
Employees that exercise their
options close to expiration are not
suitable candidates for examining
early exercise patterns and therefore
cause bias in the non-diversification
estimation.

The final sample contains 33,294
employee-by-employee exercise
records from 65 companies. 83% of
the final sample firms are traded in U.S.
markets, 9.2% in the Israeli market
and 7.7% in European stock markets.
20% of the sample firms' shares are
traded in more than one exchange.

The sample period of the stock option
grants is between 1995 and 2009. The
sample period of the exercise records is
between 1998 and 2009.




ESO parameters and data sources

The Black-Scholes model and the
binomial model require six input
parameters: The underlying security
price, the option’s exercise price,
expected standard deviation of the
underlying asset, risk free rate, time
to expiration and dividend yield. We
estimate the ESO value on the grant
date and on the exercise date. For each
ESO exercise record we match the
following estimation:

¢ Historical volatility: We calculate the
historical volatility of the underlying
security using the daily continuous
compounded return. We require
a minimum estimation period of
20 trading days from the firm'’s
IPO (subject to 14 trading days in a
month restriction). We expand the
estimation window to 30 days and
then use a rolling window estimation
of 30 trading days.®The proxy for the
expected volatility is the historical
volatility on the calculation date. For
example, if we calculate the ESO
value on the grant date, then the

2012 KPMG International Coo

historical volatility of the underlying
security on that date serves as the
proxy of the expected volatility in the
pricing model.

¢ Risk free rate: Ve match a risk free
rate according to the currency the
company's shares are traded. Hence,
if the company'’s shares are traded
in the NASDAQ we use the U.S.
T-bill rate.

¢ Time to expiration:\We use the
original expiration date of the ESO.
Due to insufficient data, ESOs
exercise records before 2000
were excluded from the sample.
In addition, exercise records of
ex-employees in which the original
expiration date is identical to the last
date of exercise were excluded.®\We
also excluded exercise records of
ESO grants of less than 4 years.

¢ Dividend yield: \We assumed a
dividend yield of zero for the sample
firms. This assumption fits 80% of
the sample firms during (and before)

8 ASC 718 (previously FAS 123(
model of the equity based compensation.

9 We repeat our estimation using an.hi
10 The database is managed in a way tha

example, if the employee is no longer employed in'the company, the ex
) N ' N L
after the job termination date. This update changes the estimation, so wi

that lack the original expiration date.

11 We present how the inclusion of dividends changes our estimation res

accompany this paper.

also requires that these input
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the sample period. This property fits
new-economy firms, which according
toTable 1 on page 14, represents the
vast majority of our sample.™

¢ Vesting period:\We assume an
average vesting period of 3 years.
This assumption is relevant only to
the estimation of ESO at the grant
date (the option is already vested
when the employee exercises it).

The calculation of the above parameters
involved the use of the following data
sources: Stock prices were obtained
from CRSP Tel-Aviv stock exchange
(TASE) website, Yahoo! Finance and
websites of the companies in the
sample. Annual risk free rates were
obtained from the Federal Reserve
Statistical Release website (3 months
T-bill) and from websites of central
banks in Israel and Europe, such as the
Bank of Israel website (MAKAM rates).'

s will be included in the valuation

ding days. The results are similar.
ing to the circumstances. For
tion date is updated to 3 months
xclude exercise records of grants

the Excel spreadsheet that

12 MAKAM is a zero coupon bond issued by the Bank of Israel, parallel to onell\jparTreasury bill.

k

ork are affiliated. All right:
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Descriptive statistics for the ESO

parameters

In this subsection we provide Table 1 describes the industries of the
descriptive statistics for the sample sample companies according to the
companies and the model parameters. two-digit firm-level SIC codes. There is
The objective is twofold: First, data considerable heterogeneity in the firm
on ESO grants is scarce. Providing industries in the sample. In addition, a
data about practices of this common major part of the firms comprising the
equity-based compensation form can dataset are new-economy firms related
be useful to policy makers. Second, to computers, software, the internet,
there is a benefit from the description of  telecommunications or networking.™
the parameters that are being used to These firms represent 69.23% of
estimate the ESO value. the firms and 73.83% of the exercise

records in the sample.

Table 1: Sample Firms Description

Two-digit firm-level Percentage Percentage (number of
SiC (number of firms) employees)

Food and Kindred Products 1.54% 0.16%
Paper and Allied Products 26 1.54% 0.73%
Printing, Publishing, and Allied Industries 27 1.54% 0.17%
Chemicals and Allied Products 28 3.08% 0.39%
Industrial and Commercial Machinery and Computer Equipment 319 16.92% 28.71%
Electronic and Other Electrical Equipment and Components, Except 36 26.15% 38.48%
Computer Equipment

Measuring, Analyzing, and Controlling Instruments; Photographic, 38 7.69% 1.22%
Medical and Optical Goods; Watches and Clocks

Communications 48 7.69% 1.73%
Wholesale Trade-durable Goods 50 1.54% 0.20%
Depository Institutions 60 1.54% 2.09%
Business Services 73 26.15% 6.64%
Engineering, Accounting, Research, Management, and Related 87 4.62% 7.48%
Services

13 New economy firms defined as companies with primary SIC codes 3570, 3571, 3572, 3576, 3577, 3661, 3674,
4812, 4813, 5045, 5961, 7370, 7371, 7372 and 7373 (See Hall and Murphy 2003). As mentioned, we identify
the companies using 2-digit SIC codes.
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The summary statistics in Tables 2
and 3 present the original time to
expiration of the options (in years) and
on the remaining time to expiration

of the options at the exercise date (in
years), respectively. The remaining
time until expiration of the option

is used to estimate the value of the
non-diversification measure d on the
exercise date and the original time to
expiration of the option is used to value
the option on the grant date. Table 2

presents a quite homogeneous picture:

Combined with the data of Table 3, it
indicates that on average the ESOs in
the sample are exercised when there
are nearly two-thirds to half of the
option term remaining. These findings
are consistent with the findings of
previous studies such as Huddart and
Lang (1996) and Carpenter, Stanton and
Wallace (2009). The sectors that deviate
from this early exercise pattern are the
food and kindred products and the paper
and allied products (SIC codes 20 and
26, respectively).
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The average contractual option life
ranges between eight to ten years,
with some options grants for 16 years.

Table 2: Time to maturity (in years) of the option

sy [wege| 50 | e | i | st | bt |

Full Sample

Food and Kindred Products

Paper and Allied Products

Printing, Publishing, and Allied Industries

Chemicals and Allied Products

Industrial and Commercial Machinery and Computer Equipment

Electronic and Other Electrical Equipment and Components, Except
Computer Equipment

Measuring, Analyzing, and Controlling Instruments; Photographic,
Medical and Optical Goods; Watches and Clocks

Communications

Wholesale Trade-durable Goods
Depository Institutions
Business Services

Engineering, Accounting, Research, Management, and Related
Services

Entire sample, employees
Entire sample, executives (Directors and Officers)
Entire sample, exercise (cash)

Entire sample, SDS (same day sale)

8.087 1.918 16.008
6.283 0.931 8.005
5.225 0.839 9.005
10.008 0.001 10.008
10.023 0.039 10.181
7.162 1.571 10.507
9.091 1.511 16.008
5.785 1.628 10.008
9.751 0.572 10.008
9.312 1.270 10.433
5.741 0.761 1.247
9.032 1.844 10.008
6.938 0.679 10.008
8.066 1.921 16.008
8.684 1.728 10.079
8.941 1.809 16.008
8.080 1.917 16.008

4.003 6.005 10.005
4.268 5.851 6.923
4.003 5.003 5.003
10.005 10.008 10.008
10.005 10.005 10.008
4.123 6.003 8.003
4.003 7.164 10.008
4.003 5.000 5.003
5.849 10.005 10.005
6.499 9.501 10.005
4.003 6.000 6.000
4.003 9.871 10.008
4.044 7.003 7.005
4.003 6.005 10.005
4.003 7.005 10.008
4.003 7.045 10.008
4.003 6.005 10.005

This table reports the time to maturity of the option grants at the grant date. The time to maturity is measured as the number of years between the grant date and the
expiration date of the option grant. The summary statistics are computed over all the exercise records in the sample period. The summary statistics are organized by the

two-digit firm-level SIC categories as reported in CRSP.
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Table 3: Remaining time to maturity of the options (in years) at the exercise date

sy hwnge| 0 | Wan | Win |t | e

Full Sample 4,669 2.334 9.978 0.274 2.871 6.564
Food and Kindred Products 1.868 0.770 2.975 0.529 1.104 A555
Paper and Allied Products 1.527 0.768 4.003 0.288 0.852 1.979
Printing, Publishing, and Allied Industries 7.068 0.735 8.553 5.441 6.679 7.512
Chemicals and Allied Products 6.949 1.467 9.373 0.630 6.370 7.904
Industrial and Commercial Machinery and Computer Equipment 3.831 2.036 9.318 0.274 2.373 4.981
Electronic and Other Electrical Equipment and Components, Except 5.417 2.129 9.948 0.274 4.025 7.167
Computer Equipment

Measuring, Analyzing, and Controlling Instruments; Photographic, 2417 1.955 9.781 0.274 0.923 2.836
Medical and Optical Goods; Watches and Clocks

Communications 6.679 1.638 9.948 0.282 5.841 7.879
Wholesale Trade-durable Goods 8.493 1.093 9.663 5.975 8.600 8.992
Depository Institutions 3.101 1.317 6.197 0.395 1.962 4.196
Business Services 5.973 2.194 9.978 0.282 4.460 7.674
Engineering, Accounting, Research, Management, and Related 3.506 1.439 9.266 0.282 2.577 4.490
Services

Entire sample, employees 4630 2.333 9.978 0.274 2.830 6.460
Entire sample, executives (Directors and Officers) 5.749 2.115 9.748 0.477 4.013 7.504
Entire sample, exercise (cash) 5.238 2.399 9.660 0.282 3.586 7.274
Entire sample, SDS (same day sale) 4.664 2.333 9.978 0.274 2.866 6.554

This table provides the summary statistics over the sample period for the remaining term (in years) of the stock option at the exercise date. The remaining term is measured
as the difference between the expiration date and the exercise date. The summary statistics are organized by the two-digit firm-level SIC categories as reported by CRSP
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Table 4 reports the summary statistics
of the stock price to the exercise price
ratio in the sample. There is a difference
in the ratios both across and within
sectors. The highest ratios reflect
run-ups in the stock market during our
sample period. Specifically, these ratios
stem from market run-ups during the
end of the 1990s and the beginning of

2000. In general, the option exercise
patterns present evidence on the
persistence of early exercise behavior
along with considerable heterogeneity
both within and across sectors. These
findings are consistent with the findings
of previous studies such as Carpenter,
Stanton and Wallace (2009) and Bettis,
Bigjak and Lemmon (2005).
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Table 4:The stock price to exercise price ratio at the exercise date

Full Sample 2.877 3.114 39.767 1.001 1.381 3.278
Food and Kindred Products 2.603 0.903 3.972 1.358 1.613 3.393
Paper and Allied Products 2.512 0.962 5.590 1.257 1.868 2.563
Printing, Publishing, and Allied Industries 2.964 0.671 4.339 1.654 2619 3.500
Chemicals and Allied Products 1.958 0.600 5.152 1.012 1.485 2.359
Industrial and Commercial Machinery and Computer Equipment 3.339 3.314 39.767 1.006 1.551 4.091
Electronic and Other Electrical Equipment and Components, Except 2.871 3.311 37.758 1.001 1.281 3.414
Computer Equipment

Measuring, Analyzing, and Controlling Instruments; Photographic, 1.892 1.250 30.415 1.010 1.368 1.869
Medical and Optical Goods; Watches and Clocks

Communications 2.393 2.577 28.980 1.009 1.548 2.525
Wholesale Trade-durable Goods 2.159 0.894 5.531 1.093 1.744 2.196
Depository Institutions 1.562 0.184 1.878 1.019 1.440 1.695
Business Services 3.926 4.476 26.158 1.001 1.471 4.242
Engineering, Accounting, Research, Management, and Related 2.128 0.822 8.281 1.028 1.580 2.395
Services

Entire sample, employees 2.860 3.138 39.767 1.001 1.371 3.236
Entire sample, executives (Directors and Officers) 3.342 2.301 25.000 1.033 1.757 4.176
Entire sample, exercise (cash) 4.316 5.774 33.163 1.022 1.412 3.883
Entire sample, SDS (same day sale) 2.865 3.080 39.767 1.001 1.381 3.273

This table provides the summary statistics over the sample period for the ratio of the stock price to exercise price at the exercise date. The summary statistics are organized
by the two-digit firm-level SIC categories as reported by CRSP.
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Estimation of the non-diversification
measure 0 and the ESO value

Our purpose is to estimate the value of
the ESO on the grant date. \We employ
the following procedure: In the first step
we estimate the non-diversification
measure d on the exercise date, using
the revealed preference approach. We
have data on the ESO that the employee
was granted, but no information on the
employee's characteristics. The only
time the employee reveals something
about herself is on the day she
exercises her stock option. Hence, using
the revealed preference approach, we
assume that the employee announced
that from her point of view, the intrinsic
value of the option is higher than the
option value. As a result, we set the
intrinsic value as the option value and
use it to estimate the non-diversification
measure 8. Under this estimation
procedure, we calculate the input
parameters required by the binomial
framework on the exercise date (i.e., we
use the stock price, the stock's historical
volatility, time to maturity of the option,
the dividend yield and the risk free rate
on the exercise date). Then, using all

the above parameters (including the
assumed option price), we calculate 8.

In the second step we estimate the
ESQO value on the ESQO'’s grant date. We
use the estimated non-diversification
measure (from the first step) and
calibrate it into the private pricing model
using the input parameters required by
the binomial framework on the exercise
date (i.e., we use the stock price, the
stock’s historical volatility, time to
maturity of the option, the risk free rate,
and the dividend yield on the exercise
date. We also use the vesting period

of the ESQO). The only character of the

model which is not time-adjusted is the
non-diversification measure that we
estimated in the first step, on the ESO's
exercise date. The result is as estimation
of the ESQO value. Then, we calculate
the value of a plain vanilla Black-Scholes
option on the grant date (using the input
parameters we used to calculate the
ESO value on the grant date), and divide
the private ESO value by the Black-
Scholes option value. The outcome is a
measure of the value of the ESO to the
employee on the grant date. The figure
to the right summarizes the estimation
procedure.

The non-diversification measure dis a
specific parameter of the private pricing
model and as far as we know, it is the
first attempt to estimate it. Applying

this model requires data on nontradable
securities and financial instruments, and
such information is usually non-public
information. In the case of ESOs, for
example, firms disclose only necessary
information required by regulators. Such
information relates mainly to executives,
and not to non-executive employees. As
a result, multinational comparison of § is
not-available.

Table 5 presents the estimation results
of the non-diversification measure 6.
This estimation is made on the option's
(early) exercise date, using data on the
stock price on that date, the risk free
rate, volatility, dividend yield and exit
rate.' In addition to industry partitions,
we also calculate an average data for
non-executive employees relative to
executives and to exercise records of
employees that continue to hold the
stock after the option’s exercise relative

14 We do not use vesting here because if the stock option can be exercised it means that it is after vesting.

Purpose: Estimate
non-marketability and
ESO value

P

Volatility and risk-free
rate estimation

"

Use the stock price
to estimate &
at the exercise date

A

Calibrate non-marketability
measure and...

Match volatility and risk-free
rate at grant

Estimate ESO value relative

to plain vanilla BS option value
at the grant date
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to exercise records of employees which
sell the stock immediately after the option
exercise (cashless exercise). The average
non-diversification measure d in the
entire sample equals 0.18, with a similar
tendency within the SIC sectors except
for the food and kindred products and the
paper and allied products (SIC codes 20
and 26, respectively), which have smaller
d values, suggesting that employees in
these industries are more diversified
than in other industries in the sample.
This finding fits the common practice

of a higher tendency to grant options

in ‘'new-economy’ firms. In addition,
according toTable 5 results executives

Table 5:The non-marketability estimation using the stock price at the exercise date

have a lower non-diversification measure
relative to non-executive employees. It
means that, ceteris paribus, a greater
fraction of non-executive employees’
wealth is, on average, in assets that
cause them to be undiversified compared
to executives. A possible explanation

is that executives are more aware

to the benefits of diversification (for
example, Guiso and Jappelli (2008) find
strong correlation between measures

of financial literacy with the degree of
portfolio diversification). It also implies
that executives tend to exercise their
stock options later (or closer to expiration)
than rank and file employees.
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fndosty | Mean | S0 istquarie | Median | dthquarie

Entire Sample 0.1805 0.2482 0.0451 0.1018 0.2097
Food and Kindred Products 0.0272 0.0444 0.0000 0.0000 0.0469
Paper and Allied Products 0.0037 0.0153 0.0000 0.0000 0.0000
Chemicals and Allied Products 0.1993 0.2964 0.0451 0.0968 0.2083
Industrial Machinery and Computers 0.1928 0.2506 0.0504 0.1139 0.2371
Electronic and Other Electrical, Except Computer Equipment 0.2178 0.2954 0.0411 0.1335 0.2553
Measuring, Analyzing, and Controlling Instruments 0.1684 0.1925 0.0679 0.1003 0.1797
Communications 0.1072 0.1203 0.0442 0.0817 0.1391
Wholesale Trade-durable Goods 0.0922 0.0947 0.0403 0.0746 0.0957
Depository Institutions 0.1269 0.1857 0.0480 0.0680 0.1274
Business Services 0.1481 0.1973 0.0260 0.0872 0.1916
Engineering, Accounting, Research, Management, and Related 0.1169 0.1125 0.0552 0.0849 0.1476

Services

This table reports the non-marketability estimation at the exercise date. We value the non-marketability using the specific characters of each exercise record. Time to maturity
is measured as the number of years between the exercise date and the original expiration date of the option grant. Annual risk free rate is adjusted according to the share's
currency. Volatility is estimated by historical volatility of the share. The summary statistics are computed over all the exercise records in the sample period and grouped using
two-digit firm-level SIC categories as reported in CRSP.
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period and dividend yield — all on the
grant date. All this data is used to
calculate both the ESO private value and
the plain vanilla Black-Scholes value on
the grant date.

Table 6 presents the estimation results.
These estimations calibrate the non-
diversification measure fromTable 5
with the annual risk free rate, historical
volatility, contractual option life, vesting

Table 6: ESO private value relative to Black-Scholes value (in percentage) on the grant date

ey g |50 | | e | tsumnte | g

Full sample 4823%  29.62%  99.97% 0.00% 22.01% 74.24%
Food and kindred products 69.06%  16.17%  89.36%  32.05% 57.79% 82.24%
Paper and allied products 68.32%  13.21%  88.35%  25.40% 62.34% 76.02%
Printing, publishing, and allied industries 65.30% 982%  76.42%  37.53% 60.05% 73.31%
Chemicals and allied products 50.35%  2421%  93.75% 0.00% 31.24% 70.02%
Industrial and commercial machinery and computer equipment 57.97%  3062%  99.97% 0.00% 29.92% 85.37%
Electronic and other electrical equipment and components, except M21%  3037%  99.80% 0.00% 13.27% 70.14%
computer equipment

Measuring, analyzing, and controlling instruments; phatographic, 4715%  2359%  98.87% 0.00% 32.45% 60.94%
medical and optical goods; watches and clocks

Communications 4373%  2455%  99.17% 0.00% 28.47% 62.45%
Wholesale trade-durable goods 3092%  18.55%  74.89% 0.00% 21.45% 39.14%
Depository institutions 4478%  17.30%  73.96% 0.00% 36.69% 56.42%
Business services 4847%  2891%  99.46% 0.00% 26.03% 74.18%
Engineering, accounting, research, management, and related 50.92%  2496%  97.57% 0.00% 33.22% 68.91%
services

Entire sample, employees 47.98%  29.68%  99.97% 0.00% 21.68% 74.05%
Entire sample, executives (Directors and Officers) 55.07%  27.00%  97.57% 0.00% 32.96% 78.73%
Entire sample, exercise (cash) 51.28%  32.34%  99.77% 0.00% 22.11% 80.45%
Entire sample, SDS (same day sale) 4820%  2959%  99.97% 0.00% 22.00% 74.20%

This table reports the value of the ESO using the private pricing model relative to a plain vanilla Black-Scholes value of the ESO on the grant date. The non-marketability
measure was estimated on the exercise date and calibrated into the model. Time to maturity is measured as the number of years between the grant date and the original
expiration date of the option grant. Annual risk-free rate is adjusted according to the share’'s currency. The volatility is estimated by historical volatility of the stock.The

summary statistics are computed over all the exercise records in the sample period, and grouped using two-digit firm-level SIC categories as reported in CRSP.

According to our estimation, the private
ESO value is, on average, about 50%
relative to a plain-vanilla Black-Scholes
value. In the food and kindred products
and the paper and allied products (SIC
codes 20 and 26, respectively) industries
the value is higher —around 69%. Note
that the first and fourth quintiles of
these industries are also quite high.
This finding results from a lower non-
diversification measure and from
smaller volatilities in these industries. In
addition, the lower non-diversification
measure of executives results in their
higher estimation of ESO value.

Table 6 findings are consistent with
predictions of other academic papers

regarding ESO value. For example
Meulbroek (2001) predicts that in

new economy firms (which exhibit
higher stock volatility), an undiversified
manager would assign lower value to
his stock options relative to an un-
diversified manager from less volatile
industries. Our findings are also
consistent with the findings of lkaheimo
et al. (2006), which use the prices of
tradable executive stock options, traded
at the Helsinki stock exchange after

the options are vested (which means
these are transferable stock options). By
analyzing 27808 trades, lkaheimo et al.
(2006) show major underpricing of the
ESO which can reach over 50% discount
relative to Black-Scholes value. Since

Ikaheimo et al. (2006) examine tradable
stock options, the non-marketability
associated with these options should
be less comparing to the standard case
of untradeable stock options (which is
the case of the stock options in Tamir
Fishman sample). It implies that the
untradeable stock options the discount
should be higher than the one found

by Ikaheimo et al. (2006). In addition,
the results ascribe higher option

values to executives compared to ESO
values to non-executive employees.
Overall, these results point to a
relatively high discount on equity based
compensation.
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Valuation of restricted
stocks units

D.

Restricted stocks are an additional form
of equity based compensation. In this
compensation form, the employee is
granted with either the right to receive
stocks once the vesting requirements
are met or with stocks which are
restricted until the vesting requirements
are met. These compensation forms are
called restricted stocks units (RSU) and
restricted stock (RS), respectively, with
RSU being the more common between
the two. The key difference is that since
RSU programs deliver the stocks to

the employee only after the vesting
period while RS programs deliver the
(restricted) stocks at the grant date.
Thus, RSU holders have no voting rights
and usually are not entitled to receive
dividend or dividend equivalents.

In this paper we use the private pricing
model to value RSU. Since RSUs are
not tradable only during the vesting
period, we use private state prices

with exogenous exit rate during the
vesting period (in which the stocks

are non-tradable and the employee is
subject to forfeit of the stocks upon

job termination). After the vesting
period, when the stock is tradable and
unrestricted, we use public state prices
without any other restrictions. Putting
this differently, we basically discount the
value of the stock on the vesting date
and consider the non-marketability and
forfeit restrictions while discounting.
The following figure presents the value
of a normalized restricted stock as a
function of the non-marketability period
for different values of 6.

Value of Restricted Stock As function of delta and vesting T
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Source: Global Valuation Institute Research Report, KPMG International, 2011

The circled point shows that a restricted

stock with a 3-year maturity and a non-
diversification factor of 8 = 0.2 is worth
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less than 70% of the value of a non-
restricted stock.
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6.

The valuation of employee stock options (ESOs) and restricted stock units (RSUs) -
is problematic for both accountants and finance professionals. Most ESO valuationj
models use standard valuations based either on Black-Scholes or on lattice approa

which have been adjusted to compensate for the special features of typical ESOs.

Sum

-

markets, full employee diversification, and hedgability of the op:

In this paper we develop and calibrate a simple model that can a nt for non-
diversification. This non-diversification framework allows
RSUs. In the case of ESOs, our model provides an e
ESO exercise that has previously been absent in erature. Furthermore, the
model has empirical content: VWWe show — usi large, proprietary, database of
—that the model’ i ion measure can be measured and applied
directly to valuations.

us explanation of early

The calibration results suggest that standard models overvalue ESOs and restricted
stock units. \We thus feel that our model has ready applications not just for the
valuation of ESOs, but also for their accounting treatment.

r ; L J :
alpr owdes@’clienf services anehi ich the independent member fir e KPM@network are affiliated. All rights reses ég
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