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SUMMARY

Firms grant to their employees non-tradable stock options as an incentive
device. Is the opportunity cost of issuing these options equal to the
amount the company would receive if it sold the same options to outside
investors? No, it is not, since the options granted to employees are non
tradable, due to the incentive scheme to which they are related, and their
value, i.e. the opportunity cost, may be lower or larger than the value of
the corresponding tradable option.

Keywords: Employees stock options, opportunity cost, nontradable
options

JEL: ]33, G13



CONTENTS
1. Introduction

2. The shareholders’” opportunity cost in a

simple binomial model
2.1 Shareholders and outside investors
2.2 Shareholders and employees
The value of the stock option as an
incentive device
3.1 An example where the compensation
mechanism does not change the
distribution of S
3.2 An example where the compensation
mechanism changes the distribution of S
Conclusions

References

11

14
15






1 Introduction

A recent paper (Hall and Murphy, 2000) concentrates on the value and the
opportunity cost of options granted to employees. The question arises since
it has become widely common for employees, mostly executives, to receive
options which are not tradable up to a certain date and for which no action
can be taken to hedge against risk, such as short selling the underlying stock.
The rationale of these limitations hinges upon the incentive to work that
the options are meant to provide as long as they are held by employees.
Non tradability implies that the risk contained in the underlying asset and,
consequently, in the option, cannot be diversified away.

It is maintained that firms granting non tradable options face an oppor-
tunity cost that is larger than the benefit, i.e. the value, employees get. If
this gap really existed a deadweight loss should result and inefficiency in the
incentive mechanism based on stock options would appear. The gap, suppos-
edly, arises since “the opportunity cost of granting an option to employees is
the amount the company could have received if it were to sell the option to
an outside investor... who is generally free to trade the option or take action
such as short selling” (Hall and Murphy, 2000, p.210). Since employees can-
not diversify away the risk, they place on the stock options less value than
outside investors. However, through their effort they increase the market
price of the stock by an amount that may be larger or smaller than the gap
due to the risk premium arising from forbidden trade.

As a matter of fact, tradable options are never given to employees, since
firms grant nontradable options whose value may be lower or higher than the
value of corresponding tradable options according to the effort stock options
are able to stimulate. As a result the incentive mechanism may lead either
to a Pareto superior outcome or give rise to a deadweight loss whenever the
valuation of granted options differs between employees and shareholders.

We concentrate on a rational employee who provides the effort that in-
creases the value of the stock, without affecting the idiosyncratic risk of the
firm, i.e. the risk he is not allowed to diversify away once he has been granted
the stock option with limited tradability’. We then go through the oppor-
tunity cost of stock options according to the effectiveness of the incentive
mechanism.

'"'We assume away moral hazard that may arise in the relationship between shareholders
and executives.



In the next section we use a binomial model to evaluate the opportunity
cost of nontradable options granted to employees. In section 3 we derive
some results concerning the incentive scheme embodied in the stock option.
In section 4 we consider an example of a non neutral effort. In section 5
conclusions are drawn.

2 The shareholders’ opportunity cost in a sim-
ple binomial model

Suppose, for instance, that, on January 1, 2001, a company grants its em-
ployees, as an incentive device, an option that is tradable only in one year, i.e.
from January 1, 2002. This option is the basis of a compensation mechansim
to induce “profit-performance”®. Therefore, its market value (and the op-
portunity cost for the writer) is not equal to the value of the corresponding
wholly tradable option issued at the same date.

To see why, let us define the value of the wholly tradable option at time
zero, when it is issued and sold in the market, as Fj. In a simple two-period
framework, the value of the corresponding nontradable option for the writer
is given by the “profit-performance” he gets. While for the holder, assuming
away for simplicity non option wealth and risk aversion, it is equal to the
“expectation” on January 1, 2001 of the value that will take the correspond-
ing tradable option on January 1, 2002, minus the “cost of his effort”. In
other words, there need to be no coincidence of the return on granted options
with respect to the equilibrium return required by outside investors on an
equivalent-risk traded stock 3.

The above assertion can be made more precise in a two-period binomial
model. To this purpose, let us consider a non dividend-paying asset whose
returns, at time one, are:

/ST =uS, with probability q
So (1)
N, S] =dSy with probability 1 — ¢

2Using the terminology of Murphy (2001).

3 According to Johnson and Tian (2000, footnote 2, p.6), when the option doesn’t
expire before the employees leave the firm, the value of the option is reduced for both the
employees and the shareholders "below the costs calculated from the valuation models”.



where u > 1, d < 1, and, to eliminate arbitrage opportunities, u > 1+1r > d,
with r as the riskless rate.

Moreover, let us consider an European call option written on (1). Its
value over the period is equal to:

/' P =max(Sy — K,0) = S{ — K, with probability ¢
Fy (2)
N Fy =max(S] — K,0) =0  with probability 1 — ¢

where F;" and Fy are the values of the call option at time one according
to whether the asset price has gone up or down, and K € [Sy,S;] is the
exercise price.

2.1 Shareholders and outside investors

Consider a shareholder who holds the asset (1), writes the European call (2)
with the exercise price K and sells it to an outside investor. His wealth at
time zero is:

Vo = So + Fo. (3)

where Fj is the price of the call (2) sold to the outside investor. After one
period the shareholder’s wealth becomes:

. Vit=S5— (S —K)+(1+r)Fob=K+ (1+r)F,
with probability ¢
Vo = So + Fpy
N Vi=S1+0+(1+nrF=5S +(1+r)F
with probability 1 — q
(4)
In words: with probability ¢ the asset goes up to S;” = uSy. The option
is exercised by the investor and the writer loses (S;” — K). With probability
1 — q the asset falls to S] = dSy and the call option is not exercised. Yet, the
shareholder gets (1 + r)Fy if he has invested in a riskless asset the amount
Fy cashed at time zero. If we assume that the asset Sy does not pay any
dividend, the expected gain from holding Vj is equal to A* = Ey(Vy) — V,
or, by substitution,

A*ZQK+(1—q)dSO+TFO—SO (5)



2.2 Sharedolders and employees

So far we have neglected that shareholders give the stock option to employees
as an incentive device. This is why the option must be nontradable for a
certain time. While there would be no reason to do so if the option were just
an ex post compensation.

In our two-period framework, non tradability implies that employees have
no right to sell or exercise before time one. Let’s assume, for the sake of
simplicity, that the employees’ effort increases profits between zero and one,
while leaving unchanged the probability distribution of the asset returns
at time one*. Then, the incentive device can be represented rewriting the
shareholders’ wealth (4) as:

WihH=85r—-(Sf—-K)+L=K+1,
/ with probability ¢
Wo = So+ Iy (6)
Wy =87 +0+6L =S+ 1
N with probability 1 — ¢

As the employee gets the option for free the shareholders’ wealth at zero is
given by the value of the stock plus the “cost of the effort”, i.e. the discounted
“profit-performance” induced by the incentive Iy = pl;, with p = ﬁ

At time one the shareholders receive the increment of profit I; plus the
realization of S, i.e. with probability ¢ the stock goes up to S; and the
option is exercised, while with probability 1 — ¢ the stock falls to S and the
option goes underwater®. Then, the shareholders’ expected gain is:

A™ = qK + (1 — q)dS[) + T’Io — S[) (7)

Rational shareholders grant the stock option only if A** > 0. The oppor-
tunity cost of this decision is the value of the best foregone alternative, i.e.
A*.

Shareholders may gain or lose by granting a nontradable stock option
to employees rather than selling a corresponding tradable option to outside
investors, i.e.:

4 Again, this implies absence of moral hazard.

°It is worth noting that in (6), the “profit-performance” I; looks like a dividend paid
on the stock at time one to shareholders. This “dividend-like” increment resulting from
the employees’ effort adds to the value of the stock.



A** — A* = ’l“([o — Fo) (8)

may be zero, negative or positive.

3 The value of the stock option as an incen-
tive device

Now we go through the sign of the difference A*™* — A* | by evaluating the
European call Fj vis a vis the “profit-performance” value Ij.

Consider first the European call Fy. The shareholder and the outside
investor would agree to use the standard methodology (Ingersoll, 1987, ch.
14) for pricing it, by setting up a portfolio composed by the call and short
sales of N shares of the asset at the current price Sy, i.e.:

q)o :FO—NS[)- (9)
After one period the value of the portfolio is:

/' ®f =F - NS with probability g
q)O:FU—NSO (10)
N, @7 = F| — NSy with probability 1 — ¢

For the portfolio to provide the same return, regardless of the state, we
choose N to satisfy ® = ®]. Since this portfolio at time 1 is risk free and
the asset does not pay out any dividend, the return from holding it equals
the capital gain ®; — @, and, to avoid arbitrage, ®; — &y = r®P,. Solving for
the two unknowns, N and Fj, we obtain:

Fy = ppFy’ (11)
with:

(14+r)—d
u—d
where p is the “risk-neutralized probability”, that would prevail in a risk-

p= >0 (12)

neutral environment in which the actual return rate qu + (1 — ¢)d is replaced
by a certainty-equivalent or risk-neutral rate pu + (1 — p)d.

6



3.1 An example where the compensation mechansim
does not change the distribution of S.

If shareholders grant the stock option to employees as an incentive device, the
option becomes a compensation to induce employees “profit-performance”.
In this case a different pricing rule is needed to take into account the trade-
off between the stock option received by workers and the related “profit-
performance”. Recalling that we have assumed away non option wealth and
risk aversion, the employees value their opportunity to optimally decide sell-
ing (or exercising) the stock option by comparing the intrinsic value of the
option with that of the European call, net of the “profit-performance”, i.e.:

fo = Imax [SO — K, F() — I[)] (13)
where, from (2), Fy — I is given by:

Ff—]l:max(Sf—K,O)—h:Sf—K—Il,
/ with probability ¢
Fy— 1 (14)
Fl_ — Il = maX(Sl_ — K, 0) - Il = —Il
N with probability 1 — q

In words: if at time one the stock option is exercised the employee pays
the strike price plus the “cost of the effort” i.e. K + I;. If the stock option
goes unexercised, the employee pays only [;. With early exercise allowed,
equation (14) gives the price of the stock option only if it is larger than
Sp — K. Otherwise, the price fj is given by the intrinsic value of the option,
So — K.

Nontradability implies that the employees have no right to sell their op-
tion before time one and, therefore, rules out the exercise of (13) at time
zero. The employees are constrained to hold the option up to time one and
pay K + I; to exercise it or I; to leave it. If employees are to accept this
“conditionality”, introduced by shareholders to get I, it must be®:

Fo—1Iy>Sy— K (18)

6Option nontradability implies nontradable stocks for employees. With simple adapta-
tions of (9) we evaluate nontradability for outside investors. If the company stock cannot
be traded, the short position in the above portfolio (9) requires an extra payment. Oth-
erwise no rational investor holds the long position. To go long in the company asset a

7



or, after substituting (9), we can rewrite (18) in term of I; as a function of
the strike price K '

I <p(uSo — K) = (1+7)(So — K) = —=(L+7—pu)So+ (1 +r—p)K (19)

This is no end of the story. To induce employees to perform I; we need a
further participation condition, i.e.: fy > 0. Within the admissable interval
for the nontradable option expressed by (18), this constraint requires:

Fo—1Io=plp(S{” — K)— L] >0 (20)

or rearranging terms®:

I < p(Sf — K) = puS, — pK. (21)

risk-adjusted rate of return is required that equals the market expected rate of return, i.e.
that of outside investors on an equivalent-risk traded security. The difference between the
equilibrium rate of return on a similar financial security and the company asset’s actual
return is analogous to a (constant) dividend yield rate §. Since a proportional dividend
yield rate provides a portfolio return 6 NSy, in a risk neutral world, the asset must yield
an expected return equal to r — §. Hence, equation (11) becomes:

150:%’171:1Jr (15)
where:
. (14r—-06)—d
S S e 1
jz — >0 (16)
or:
Fo= ppFyf — p—2—F} = Fy — p—2—F} < Fy (17)
! u—d ! u—d '~

The term on the r.h.s. of (17) is the cost of the asset nontradability (McDonald and
Siegel, 1984).
"Since p = =4 it is easy to show that 1+ r — pu >0

81f the risk-free probability p is known, the value of stock option ﬂpl = p(Sf' - K)
defines a linear compensation scheme where the exercise price K may be seen as an index
of performance which allows the firm to meet the employees’ “reservation wage” at the
“profit-performance” value I; (See Murphy, 2001).



Inequalities (19) and (21) give rise to an admissible region (portrayed
in Figure 1 by the area ABC) for (K, I;) wherein the employees participate
and accept a nontradable option. Notice that, as long as Sp — K > 0 (i.e.
the stock option is issued in the money), the biting constraint is (19) and the
maximum value of the “profit-performance”, the shareholders can obtain, is
I < p(uSy — K) or, valued at time zero, Iy < Fy. While, if S — K < 0
(i.e. the stock option is issued out of the money or just at the current price),
the biting constraint is (21) and the maximum benefit for shareholders is
I = p(uSy — K) or, valued at time zero, Iy = Fy.



Figure 1 : Admissable Set

L
pUSo\
p(u—1)Sy
0
C(1 47— pu)S,

We sum up the above statements in two results. In the first we go through
the opportunity cost while in the second we provide a simple rational expla-
nation of why usually stock options are granted either out of money or at
the current price.

Result 1 If we rule out risk aversion and non option wealth, the maximum

value of the effort-incentive shareholders may get from employees is
equal to the value of the European call option sold to outside investors.

10



In other words, for all K € [Sy, uSy] the opportunity cost for sharehold-
ers of the stock option is always equal to the best foregone alternative,
i.e.: selling to outside investors, or A** — A* = 0.

Result 2 If the stock option is granted in the money, the employees’ par-
ticipation constraint requires a lower value of the incentive-effort that
goes to shareholders. For all K € [dSy, Sy) there is a difference be-
tween the opportunity cost and what shareholders get. This difference
is negative, i.e. A* — A* < 0 (as Hall and Murphy, 2000 maintain).

Finally an additional observation can be added. If we assume employees’
risk aversion, the area ABC', where Result 1 holds, shrinks. On the contrary,
if we introduce non option wealth the effect of risk aversion is smaller and
the area ABC, in which Result 1 holds, gets larger.

3.2 An example where the compensation mechansim
changes the distribution of S.

So far we have described an incentive scheme that is neutral for the employees:
the value of “profit-performance” I shifts to the left the shareholders’ wealth
without altering the shape of S. This effect is only partially appriopriable by
the employees through the incentive and partecipation constraints. Actual
stock option schemes are often designed to let the employees change the
distribution of profits and get the additional value as a compensation. In a
very simple model we show what happens when the employees are able to
change the distribution of S in (1) in the following way:

/ST =1u'S,y with probability ¢
So (22)
N S =dS with probability 1 — ¢

where ' = au > u > 1, with a > 1. Moreover, to simplify the example, we
add d = 1 and r = 0. Notice that (22) shows that the employees boost the
positive value of the asset, i.e. with probability ¢ the asset may go up to
ST = u'Sp. Yet in the downturn the asset value is the same as before®.

91f employees affect u/ > u they alter the trend of the asset value, without changing
probabilities. A similar result may be obtained if we assume that employees are able to
influence probability ¢’ > ¢, while leaving unchanged the trend .

11



In (22) the downside value of the asset does not change. Then the share-
holders’ portfolio (6) and (7) do not change. The two constraints for employ-
ees, (19) and (21), become:

L<—-(1-pu)So+(1-p)K (23)

and:

I <pd'Sy — p'K. (24)

By substituting!® for p, 1 —pu=p, p =p—¥(a), 1 —pu' = p+d¥(a),
where

__ w(a—1)
Vo) = s €0
we get:
L < —(1-pu)So+(1-p)K = (25)
= —pSo+(1—p K+ (K —dSp)¥(a)
and:
L < PuSy—pK = (26)

(1—=p)So — pK + (K —dSy)¥(a)

10Tt is easy to show that:

_1-d _ 1-% = 1 -1 _ _1
L p= u—d T u—L1 T w2o1 T 111,142—1 - (u—?)(u-&-l) — (u+l)
R . T () h
P = vt T ar I T @21 T ad? 1 () (e -D(utD P @ where
_ u?(a—1
\IJ(O() = #MJFLD S [0, 1]
_ 1-d, _ (u=d)—utud _ du=1) _ -1 _ wu-1 _ u—1 _
3. l—pu=1-=qu= "0 == I = e Wl oo Y e
1
wtn — P
_ dw/'=1) _ E(ow-1)  L(au-1) u—1 1 u(a—1) —
4.1 -pu = 5= = T = Yam T - = Dy T e =

u

(1 —pu) + L2 = p 4 d¥()

12



As long as the term (K — dSy)V(«) is positive we are able to substitute
the new inequalities (25) and (26) to the old ones. This is done in Figure 2
below.

Figure 2 : Admissable Set: Changes in the Distribution of S

(1—p)So
(1 —p)So — dSotp(av)

0

—pSp
—pSp — dSop(a)

Direct inspection of figure 2 shows that the admissable region where em-
ployees partecipate and accept the nontradable option is now given by the

13



area AB'C'C which is greater than ABC. Therefore, considering the first-
oder approximation of the differential d(A** — A*) around r = 0, we get!!:

Result 3 In both inequalities (25 and 26) the term (K —dSy) ¥ («a) > 0, goes
to zero as o — 1. Therefore:

e if the stock option is granted out of the money or at the cur-
rent price K € [Sp,u'Sp], the maximum value of the effort share-
holders may obtain from employees is larger than the value of
the European call sold to outside investors. In other words, for
dr > 0, the opportunity cost of granting the option (the value of
the best alternative) is lower than the benefit shareholders get,
ie: d(A*™ — A*) > 0.

e if the stock option is granted in the money, there exists an interval
of K € (S5),Sy) where shareholders obtain from employees an
effort whose value is larger than the price of the European call sold
on the market and then d(A** — A*) > 0. While in the remaining
part of the interval K € [dS,S]), the opportunity cost is larger
than the benefit, i.e.: d(A*™ — A*) < 0 (as Hall and Murphy, 2000
maintain).

e Finally, if K = S5, we have d(A* — A*) =0

4 Conclusions

We have shown that the opportunity cost of granting non tradable options
is not equal to the price of a corresponding tradable option. Non tradability
puts a wedge between the option granted to employees and the corresponding
option sold to outside investors.

Non tradability of stock option granted to employees finds its rationale in
the incentive that options are meant to provide. If we consider the employees’
effort we may have that the opportunity cost of non tradable stock options is

"Having assumed r = 0, we consider the first-oder approximation of the differential of
A** — A* around zero, i.e.:

o,

OdT = (Io — Fo)dT.

AA™ = &%) o= (o — Fo)dr =

14



either larger or smaller than the price of the corresponding tradable option.
This adds a rationale to the different exercise prices adopted by firms granting
stock options. In particular it explains why options are mostly granted either
out of the money or at the current price.
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