Pricing of Options
(Valuation of Options ]

It gives right to only Oneé of the parties. [t gives rightt
i o the writer or sellerto a cont.ra.mct. The writer
' s to accept the decision of the byy,
ition. So he has to pay a price fy
y the buyer of the option tothe

Option is an uneven contract.
buyer or holder. It binds the other party,
seller has obligation to perform the contract. He ha
Thus, the buyer or holder enjoys an advantageous pOS.
enjoying the right to buy or sell. The amount that is paid b
seller is called premium.
Meaning of Option Price ‘

: The amount which is paid by the option buyer to the option seller is the price of an option
contract. In fact, the option price or option value is the premium paid by the option buyerto
the option seller. The price of an option contract is computed by the demand and supply of

v

the underlying asset. B
__Intrinsic Value and Time Value | 3
There is always a choice available to the holder — whether to exercise immediately or
defer it for later point of time. Therefore, the price of an option or an option premiumis
made up of two components — the intrinsic value and the time value. Thus, ;

Option premium (or option price) = Intrinsic value + Time value IAGE>
Jntrinsic Value g AL

Literally speaking, intrinsic value means the valye contained in the asset itself\.;The
intrinsic value is the amount that the option buyer would receive if the option is exercised !
is the value of the option if it is exercised immediately. In case of callo t'p intrinsic valuei
spot price less the strike price of the underlying asset. In Case of putzzino'rl\ni:ins the strike

price less the spot price of the underlying asse
, t. In short intrinc ic the
amount by which an option is in-the-money (the by » the intrinsic value of a call is

money). An option that is out-of-the-money (if the
than the spot price) will have zero intrinsic value. S
(strike price is equal to the spot price) will have ze.ro
options have intrinsic value.

ver will exercise it only when it is in-the-
strike price of the call option is greate!
imilarly, an option that is at-the-mon¢/
intrinsic valye. Thus, only in-the-m"mEY
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trinsic vallers
8 e Forcauoption = Max (S-.E'O)

s means that intrinsic valye of a call
{ . nisgreater of zero or (S - ), Similarly
:iilnsrc value Ofth? put option is the greate;
1 ;.‘No or (E-S). This further means that the
4’ ic value of an option can neyer be
i \L This is because the option holder
;*\'m cannot be forced to exercise it. '

1 :;,,-‘sic value is also known as parity value or e
1" mental value or underlying valye.

Components of
Option Premium

: rorexample, if the spot price (cash price
1 e less than T 50 will be in-the-money or
1 «rike price less than X 50 will be out- of-

) of anasset is T 50, any call option with a strike
will have intrinsic value. But any put option with

the money or will not have any intrinsic value. On
1 .¢other hand, any call option with a strike price that is more than ¥ 50 will not have any
* wrnsic value. But a put option with a strike price higher than % 50 will be in-the-money or
1,7 have intrinsic value.

Inshort: In case of call option, IV = Stock or market price - Strike price

: In case of put option, IV = Strike price - Stock or market price

1 TmeValue

© ltis profitable for the holder of an in-the-money option to wait rather than exercise it
f ~mediately, because by waiting he may be able to get higher profitin t_he future. For example,
% holder of a call option which is in the money can realize the intrinsic value (S - E)
nmediately by exercising it. But, if he waits, there is a probability that the share price.may
“wease further in the future (i.e., Smay increase further) and.he maY be able to get a higher
1 ¥ofit then. Thus, waiting for the future has a potentiality of mcrealsmg the profit expected
1 "M an option contract. The option is then said to have tlme?* value.! . ~
d  fime value is the difference between the option pre.mugm.an.d the intrinsic value /It is
1 " amount by which the market price ofan optiorx exceeds its mtnr.\su? vah;e. Forthe Eyropean
1 o, this argument does not hold. ffime value is also called extrinsic value or premium over

Prity o speculative value or volatile value. It is expressed as below :

‘ - Intrinsic value

or at-the-money has only time value (i.e., nointrinsic
hen the call (or put) is at the money. Both

Time value = Option premium

_- Thus, a call that is out-of-the-money ora ts W
{5 Usually, the maximum time value exis

A Gl )
4 and Puts have time value. onofthe option and volatility in the prices of the

!\.Time value depends on time to expiration, t-of-the-money option or at-the-money
] Underlying asset. It may be noted that in cas€ of ou | 4o 4 :
' et. It ma ST
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yer to the option seller is the time,, ;
@

stive. Further, the more time that o, -0
ds to be. For example, if an option wih :_'ﬂs
rtime value than an option with thesame

¢

g

like six months, three months, one month etc 5

value will be diminishing and will reach to Zem“
e., zerotime value). This is Whydi)ti t
tion is out of money, its iﬂtrinzn

I

y the option bu

he entire premium paid b
anoption cannot be n€é
he time value ten

ion will have a highe

option, t
the option. Time value of
for the expiration, the higher t
months remaining until expirat
strike price with less expiration time
option approaches its maturity, time .
expiration, the option s worth only its intrinsic value (I:
is referred to as “a wasting asset”. [t may be noted that if an op
value will be zero and the option value, if anY, is only time value. |
At expiration, there is no question of waiting (no waiting). Hence, time Yalue is 2erq :
expiration. In other words, at expiration, no time remains in the life of an option. The’efore,

there is no time value at expiration.
“/The time value of an option also depends upon whether option is in-the-money, atp,

money or out-of-the money. Time value is the maximum for at-the-money option; due to the
high uncertainty about the future movement of the price of underlying asset. As the option gog;
deeper in-the-money or out-of-the money, as a result of uncertainty with regard to the price of
underlying asset, the time value of option diminishes. This is shown in the following diagram;

Strike price

4
<
[
—P

| X N
n-the-money At-the-money Out-of-the money

Time Value of Options (Fig. 2)

I ~ Optlon Formula ™

. 1. Premium = Timg vajy

4 Value + Intring .

o Intrinlc Value (Put) u pay, (0.'8!:I;o- 88"““)
*Spot)

L 4.Timo Value s M
o AX. &t the sta s
'{& & Tlm:}hlu.v- 0 at Explry t of the contract
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| ople]
L the current market price of th
iceofI25and a put opti .QSharESOfXYZLtd isT
e price ' PUt Option je available -1SX27.50. A call option is available at
H A both the options. |fthe opti At

astri - . :
Ptions are availab] strike price 0f% 30, Fing out the intrinsic

| ;ut the time value of option, €atapremiumofT4and? 3 respectively,

. @!ution
::';option :Intrinsic Value = Market Price - S N
| :,e value = Premium - Intrinsjc Value ' 5=%2.50

=34-2.50=3%1.50

2 .5

7me Value =Premium - Intrinsic Value
=X3-2.50=3%0.50
ExampleZ

Shares of Akash Ltd. are selling at ¥3000. Following options are available for one month
duration.

Call Options Put Options
Strike Price Premium Strike Price Premium
32,900 %120 33,100 %125
3,000 35 3,000 40
3,100 5 2,900 10

Find out the Intrinsic Value and Time Value of the Call and Put options.
Solution

For Call options and Put options, the Intrinsic Value (IV) and Time Value (TV) can be
:Sund a .
Pasfollows :

Put options
P .

Strik Cé.lll s V= Strike Premium |IV= =
“r ) premigong W -E (Pm. - IV) Price (Pm.) (E-S) [ (Pm.-1IV)
ric - :

D) : k) 5! %20 33,100 3125 3100 I25
21900 w20 2 35 3,000 40 0 40
jl = % 5 2,900 10 0 10
3100 c 0

\-._

' tion is out of money, its intrinsic value is zero and the option
May be noted that if an opti

i ifany, s only time value.
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ion Pricing)
: of Option Prici
ineg Option PriCe(DetermmantS . ( remium) of an option is det :
P e ther product, the price {p er
: 0
Like the price of any

tea) i e INeg
. ium (price) is a Combingt; . ~Up,
5in the market. Option prem! P £ L Qflntnn !
demand and supply factorsin the function of the difference betWeent S
em

: { isa . ) & 5t
rinsic value inturni . tri
value and time value. Intrinsic g asset. Time value is a function of Volatiy ke

ice of the underlying as: lon and prevailing = g
il l(]1]&rlkti?r:gp:'scset time to the expiration of the optionand p evailing mterestra{,.
the price of underlying ¢ d :

ice or price of the underlying (S): Whe”.the i Qe Underlymg Orcufrem
1. Currentpriceorp \ lue of the option also changes. Whep, 5 call gpy;
price of the asset changes, tlh,e p;lgzrsz‘r’jr: equals the excess of the stock or asget pricepo:,?
. . = . . T
;;ZX:;;Scfetgreif:y ?ggisrlijcznogf the call option is determined l:?y the S;flfuerenftli: Of S and
Higher the asset price higher the differential and hence the price or e Od'tI € call. 1,
means that a call option will be more valuable when stock prlce |r.1cre§ses and less Valugy
when it decreases. In other words, for a call option the option price .”595 ?5 the stock Price |
Increases and vice versa. As the current stock price goes up, the higher is the Probabijy,
that the call will be in- the- money. As a result, the call price will increase. Most investors
buy a call option to get benefit from the price rise. Therefore, investors .must Pay a higher
premium if the asset price increases. A call option becomes more expensive as writer of the
call assumes greater risk with rising spot price.

On the other hand, for 3 put.option, the pay-off or the intrinsic value is the difference
between exercise price and the stock price. As such, the higher the stock price for a given
exercise price, the lower will pe the price of the option. As the spot price incteases, the
differential E - S decreases. Therefore, the value of put falls with increase in the price of the

asset. Investors buy pyt option to protect themselves against the fall in the prices. As the
price goes up, the put holder s |egg likely to exercise his option.

Y- The hO.ld_er of the former ca)| can buy the U"derlyir;g
buy the same Security at 2 og p'USan;eC::;|ltlon as the holder of the other call who cOcli‘se
price cannot be valued higher, Forg eft over, Thus, the call with a higher exef

' oher
PUL, the effacy Willbe in the opposite direction. Aig"®

EXercise price means that there is h;

e Bher probatyir: 50,
the put price INcreases as the exercige Price incarl;mty that the put will be jn-the-money
ases,
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| meto expiration (T) : Generally b,
; " on. Thereasonis [ ,
i}[cxplﬁ‘“o' iTable tharay that there : will benefit from increased time left
91 | ) me avdllc ‘.)Uld be great or a hlp‘ move in the stock p”“»'.. With

{0 .ment holds er chances by
temen ds true for both call a anhces of achieving the exercise price. This

q" alstd
i el , i : Nd put optione
1" more than the option with shorter |ife ThErephon"" The option with longer life will be
' dare gre

T;':n: al opliO“S) or falling below (
;lj‘e options 1ess valuable. Irrespec
' “,‘;,,ccs that option will turn in-the-
1" therefore, a call/put of thre

. ponth.

| |olatility or Variability of the pri

: Aions 1S volatility or variability OfF;)rr.iccee.Of\/t(:‘lt.;;TgcIf (o): Amajor factor. affec.ting the price of
17 index or asset tends to fluctuat Sty 1S the degree to which price of a stock or
o oo : . e over time. It represents the uncertainty attached to
{ e future movement o Sto‘:k.p”ce- When the underlying asset becomes more volatile, the
4 yice of both call and put options will increase. As volatility increases, the probability that
1 e stock will do very well or very bad increases. The owner of the call benefits from the
1 yice increase F)ut his downward risk is limited because the maximum he loses is the option
1 yemium. similarly, the owner of a put option benefits from decrease in the stock price. His
1 kin case of adverse, upward price movement is limited. Thus the values of both calls and
{ puts increase with increase in volatility. The buyer of the option receives full benefit of
1 hiourable outcomes but avoids the unfavourable ones. As higher volatility increases the
1 tances of an option going in-the-money at any point of time during the life of the contract,
| tincreases the risk to the option seller. As a result, higher volatility makes the option (both

{lland put) more expensive (more price).
Interest rates also affect t

‘ alls ang puts
IS more time

for put option). C f"ter chances for price ;;o'mu .:huye
tive of WhEther. ; PYTY(3rsely, I.ess;cr time :flVdIl-'?mf,‘ will
money i”CTeasedl "(.’ = Fall option or a put option, t'hc
€ months will ¢ with increased availability of optlon

ost more than the call/put with expiry in

i

he option price. The higher the interest rate
e price. Asa result, the value of the call will increase
The decrease in the present value of the exercise
other factors remaining constant,
he underlying asset and carrying it
ter the price of a call option.

15 Interest rate (r) :
{ elower the present value of the exercis
{d the value of the put will decrease.

{vice will adversely affect the price of the put option. Al
"ehigher the interest rate the greater the cost of buyingt
1 othe future. Hence, the higher the interest rate, the grea
% Dividend (D): Benefits of ownership (i-€- dividends) accrue only to the holder of the
et and not to the holder of the derivative. When the dividends are paid, the value of the

. _ With expected decline in
Setin th o) decreases b t amount

rice) decre .
{ e spot p‘:i::eatr:et (slzzt;)f ca||) must decrease and that of put must increase. It would be
N e va

4 Mora benefici to h0|d the call.
] n tock than : :
by V:lcual ftohhold”t:;e ieases b increased dividends. But the value of the put increases
ue of the call aec

oy : aot put option retains the ownership
: thlncreased dividend. ThisIs becau fit to the holder of the put option,
& asset till its exercise and all bene

¢ rl
AUse he js presumed to OWN the unde

i

y equivalen

ying asset:
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ues of Furopean call and Europeap N
n exercise price and expiry date i qu',;‘
price and expiry date. In OtherWOrds

to the value of 3 European PU ¢ there is no arbitrage between the Y?,'}.J?.gf-a Europeg,
put-call parity relationship states thirike d expiry date on Fhe ;a'wm;a underlying assey
Sl nd potiept At with e SaImlcijt-call parity is a financial rela_tlo.nS lp- e;twe.en th.e Price
R thgir s eqtL'joan)'on the same underlying asset with IC;ent-lca Stprlke Price ang
e btwee il s nd bod s Bt o
re:lzltxr::hi;pvjas first identified by Hans Stollin 1969. put-call parity g
C+PV(E)=P+5

. . ionship
Put-Call Parity Pricing Relat! ity in the val

ri
Put-call parity simply means pa

ith
ropean call wi _
states that the value of a Europ + the same exercise

'

price an

Il
where, C = Current market value of the ca o
PV (E) = Present value of the strike price E, discounted from the expiration date at 3

suitable risk free rate. It is expressed as e~ (r= rate of interest continuously compoundeq,

t = time for expiration).
Thus, e " represents present value at a certain percent of interest, i.e., discount

(proportion of interest for the time to expiration).

P= Current market value of the put

S= Current market value of the underlying asset

The above equation sates that the value of a European call with an exercise price of E and
expiry period of T plus the present value of the exercise price E equals the value of European
put option with the same exercise price and date plus the value of the asset. The beliefis that
holding a stock and buying a put will provide the same pay-off as holding one call option and
investing the present value of the exercise price. This equivalence is put call parity. To derive
the put-call parity relationship, the assumption is that the options are not exercised before

the date of maturity. Thus, the put-call parity is a concept related to European call and put
options.

and call price, arbitrage opportunities Wi
will be no arbitrage opportunities.

Example



g Comprises One put option aig one
1A |

g it the strike price for the
s the I for the PUtand ca) Option i
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Jfolio A: The deposit will matyre and the

r L, mrlep > F i
e stock price Sy > E, he will exercige the call ygj,
|| receive a share that can e sold in the |;1 \Hkﬂm wron et bl
arke i
arket for 2 S,

holdor Will have 2

=
" he \W

" . he willallow the option to expire :

g5 <E ‘ and he will be left with the depos reds of XE.
s, at time T, Portfolio will be worth e
portfolio A = Max (S;,E)

portfolio B : Attime T:

S, or E, whichever is higher, i.e.,

(s> £ the ho|c:]er will aquV the option to expire and hold the share with a market
E,eofS,- IfS, < E, the holder will exercise the put, selling the share at Y E.

| therefore, Portfolio B will be worth Min (S,,E).

therefore, irrespective of the share price, the two portfolios have the same terminal
1. Hence, they must be of equal worth at T and the market will value them at the same
2 Otherwise an investor could make an arbitrage profit by purchasing the less expensive
wtholio, selling the more expensive one and holding the long-short position to expiration.

Value of Portfolio A at T is given below:

Value at T
Att=0(current value) 5, <E S, >E
Buy one call 0 S;,—E
Invest PV (E) E E
Total (final value) E S
Value of Portfolio B at T is given below:
ValueatT
Mt=0 (current value) = 55 > E
' Buyone share | > Sg
' Byone pyt E-S, )
| otal (Fina| value) ; T
- Thyg, both portfolios have the same endt\;‘aaltuzz IR

N far e have assumed that the optioan co
o, ot pay any dividend. We MaY e

“Nay

']
®two portfolios-

nsider the question of dividends. Consider



U‘:ment

ivalent to the PV of the exer :
Portfolio A: C rises long call and an investment equiva Ise Prie,
ortfolio A: omp

ived.
and the dividend expected to be receiv

ut.
Portfolio B: Comprises a long stock and along p o il et
Now at expiry, the portfolios will have one of t \

Portfolio A Value at expiry
S.<E ST >E
Att=0 (current value) TO S.—E
) T
Call
E+D
Investment E+D S +D
Final value(total) E+D g
Portfolio B :
Value at expiry
Att=0 (current value) " 5;<E >>E
Long stock (pays a dividend) S,+D 5;+D
Long put E-S, 0
Final value E+D S +D

avoid arbitrage.
Put-Call Parity Relation (with Dividend)

The Put-Cal| Parity relation (with dividend) may be expressed as below :
C+PV(E)+PV(D)=P+S

Here, PV (D) = Present value of the dividend

The PV (D) may be calculated as below :

De™ "

Where, D = amount of dividend expected

€ = exponential term, valye is2.7183

r=Risk free interest rate
t=time to receipt of dividengd
From the above we can calculate
C=P+S—PV(E)-PV(D)

where, C = Cal| price

P =Put price

S = Stock price

the call price

PV (E) = Present value €xercise price
PV(D) = Present value of dividend expected



. of Put Option Price
? 'aIC”!atlono ut-call : A canoption
" prom the PUEEATRANLY, the put optig,
| et
N

Price
i from Put-Call Parity Relationship
ice
can be calculated easily. The equation for

C+PV(E)=py+s

the above equati
From quation, the Putoption price P s calculated as below:

P=C+Eeteg
similarly, the call option price C can pe calculated as bel
as below:

C=P+S—Een

gxamplea

rrent mark i -
| Tth (;(Uf i ett prlCF:‘ of ashareis¥ 155. The volatility of the share is measured as
{ . The risk T est rate Is currently 8% p.a. There is a call option and put option on
{ zg share. Time to exglratlon is 6 months with exercise price ¥ 150. Calculate put option
P using put-call parity theory. The call price is T 12.

NL N

olution
: p=C+Ee "-S

c=%12

§=3 155

£=3 150
r=8%

t =6 months
P=12+150e
p=12+150 x 2.718370%-155
P=12 + 150 x 0.9608 — 155

P =12+144.12-1557 3112

-0.08x612_ 155

ol e g e o

bample 4 | A
{ Hlulate the call option price from the following data by using put-call parity theory:
Present value of Exercise price 7128
Value of Put option < 10
Current stock price < 125
,, Solu%n
C=p4+S—Ee "
=10+ 125128

:f7

e SRR

19256
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lationship
a6 h(fl()w :
[ option price

all parity Re
y be outlined
and cal

Importance or Uses of put-C
The uses of put-call parity ma
1.7 put-call parity principle finks the put
synthetic instruments {rom traded ones.

' : stock
9. Pput-call parity relates prices of call, put, -()ff’ 560
using stock, call and put. Likewise, the pay-t

.. It tells us how to Creay,

and bonds. A bond can be replicat
ck can be obtained using bopg

call, and put. of a call, one can determine the prig,

3/ Put-call parity demonstrate
of a put. | e

] M { ma
4/ Put-call parity also establishes a link between capitd ’

debt markets. (i ulting from relatj
Put-call parity can be used to check for arbitrage opportunities res 2 b

5 that given the price

derivative markets anq

mispricing of calls and puts. ’
y to parameter changes, i.e., the

6. Put-call parity may be used to judge relative sensitivit l
difference in the reactions of calls and puts to changes in parameter values.

Boundary Conditions for Option Pricing ( Upper and Lower Bounds for Options)
Before any attempt is made to find how much shall it cost to b‘uy an option, we haveto

examine the boundary conditions (upper and lower bounds).

Call Option
A call option is a right to buy the asset at exercise price. Therefore, the maximum value

(upper bound) cannot exceed the price of the asset itself. This is because no one would pay
more money to buy a right to have the asset than what is actually required to buy the asset

itself. Therefore, maximum value of the call option is:
Cmax=SorC< S

where, C max = Maximum value of call
S = Spot price of the asset

Similarly, the minimum price that a call option would sell for depends upon its intrinsic
value. If the option is maturing just at the time of buying, the time valye of option is assumed
to be zero and it must sell for its intrinsic valye, However, if there is some tirze remaining for

Cmin=S—Ee "orc > T

Cmin =Minimum value of ca|
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Ee-— rt - P
= Present vy
Uue of the
t =time remain; the exercise price
B « n - 1
. B for Maturity

=risk free rate of inte

rest (disc :
| ple5 (discount rate)
- K H 1
: e (stock) is selling for - :
: AShadred(. At what minirgnumzpsri(::O‘ fThe “f?k-free rate of interest is 10% p.a. continuously
{ poun € following call Options on the share would sell for:
. . . month later,
'L call with strike price of ¥ 500 maturing 2 months |at

) _ _ . er.
| A call with strike price of T 550 maturing 3 months later

i 3 A call with strike price of ¥ 450 Maturing 1

The lower bound of call price is given as zero or § - Ee- 1t
Therefore, the minimum value of the call would be:

;) 500 - 450 x " 0-10x1/12 = 500 - 446,23 =¥ 53.77

) 500 - 500 x e-0-10x2/12 = 500 — 491,74 = ¥ 8.26

() 500 — 550 x e-0-10x3/12 = 500 — 536.42 = -¥ 36.42 (or zero, intrinsic value
being negative)
't Option

A put option is a right to sell the underlying asset at exercise price E. Therefore, the
:imum value of put option cannot exceed the exercise price if it is exercised immediately.
“tere is still time remaining for maturity, the value of put cannot exceed the present value
‘the exercise price. Thus,

Pmax = Ee""or P <Ee”"

Intrinsic value is the amount of profitone would get if the option is exercised immediately.
fic paid at maturity, the difference of present value of exercise price and the spot price
s the lower bound’ Therefore, the minimum price that a put option would sell for its

‘nsic value. Thus, i
A - 2 te
P min = Ee SorP

“‘ampleg finterest is 10% p.a. continuously
tek- rate of interes 6 p.a.
Ashare (s is sellin for T 500. The risk-free . .
"mmUnded( Zc\i)hlztsr:iniiwum price following put options on the share would sell for:
' - onth later.
| Q) A put with strike price of ¥ 450 maturing 1m

| | 500 maturing 2 months later
: 3 months later.

; o A Put with strike price of 2 ring
) A Put with strike price of T 550 i
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Solution

The lower bound of put pric uld be:
Therefore, the minimum value of the puts WO i.e., zero)
(a) 450 X e_ollox 1/12 _ 500 = 446.23 — 500 =- ? 53.77 (I.e-l

i (0]
(b) 500 x o-010x2/12 _50) = 491,74 — 500 = - 1 8.26 (i.€-, Z€T )
(c) 550xe"%10x312_500 =536.42-500=36.42

it
e is given by zero of Ee™ -3

Option Pricing Models

Let us now move to the exact pricing or valuation o ORHO
(theoretical price or fair price). Determination of the fair price Is Impor
and trade’ Investors want to know what the actual worth of the asset bein
want to identify the arbitrage opportunities.

f option so as to get the fair Price
ortant for both investqy
g acquiredis. Traders

Important Option Pricing Models N

There are two basic models of option pricing. One is binomial option pricing model ang
the other is Black-Scholes option pricing model. In addition to these two models, there are
some other methods such as Monte Carlo model, Black model, Finite difference model and
Capital Asset Pricing Model. Binomial option pricing model is more of a computational
procedure than a formula. Black-Scholes option pricing model is a mathematical formula,
According to both methods we get the theoretical fair value of the option. Both models are
used for pricing European options. The two models may be discussed in detail in the following
pages:

/Binomial Option Pricing Model (BOPM)

The binomial model was developed by John Cox, Stephen Ross and Mark Rubinstein in
1979. Hence, this model is also known as C-R-R option pricing model. This model does not
permit an analytical solution. It solves problems numerically. Under binomial model, we
consider that the price of the underlying asset will either 80 up or go down in the period.
Given the possible prices of the underlying asset and the.
calculate the pay off of the option under these scenarios,
find the value of that option as of today. Using these probabi
and evaluated to finally find the price of the option. Thij
binomial tree assumes that during a short interva| of time, th
values — an upside move or a downside move. However,
several such moves, the stock (asset) can take 3 large num

strike price of an option, we can
then discount these pay off and
lities a tree would be constructed

& stock will have only two possible
OVer a longer period of time aftef
ber of distinct values.

€Xpiration into potentially a very largé
Stock prices is initially produced working

The binomial model breaks down the time to
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| distribution (presented in the for
:‘ -'.',meseﬂtS all the possible Paths th Ny

e

Fatree
q . ref )Ofunderlying stock prices. The binomial
¢ pthe end of the tree, je ¢4

at the .

o0 P he exp?r‘;? Prices could take during the life of the
y e simply equal to their intringjc values 'on of the option, the final possible stock
" .omialmodelis a discrete time mode| 'l i

: -‘.:rﬂ.ia! pmbability diStribUtion is 3 distri.bt I'S
7',',.;:75'*“' of up or down movement is goVerL:,tl
| e of this, the model is also calleq 5 two

ed by the binomial probability distribution.
state mode/. |n short, the price of underlying
values S, and 5S¢ as shown below:

; / Su

| SO\

_ S,

Possible Movements of Asset Price (Fig. 8)

{ T llustrate how the binomial model works, let us assume that a stock sells for a price I
(s). We assume an investment horizon of one year and also assume that the price of
1::¢tock 2t the end of the investment period, S, (stock price at the end of one year) can
{:-zr be 25% up, i.e., T 125 or 20% down, i.e., T 80. We also assume that stock pays no
\iiend and all returns are arrived through capital gains. The end position is shown as

att=1
Att=0 S, = 125
p
s, = 100
(l”p) S|=80

e Period) ginomial Model (Fig. 9)
ntis P. The probability of downward

..... ~

| , currently S, and it can take only two

Piaarc e
Ll N

One Step (Singl

. etys assume that the Pmbabm

““Ment then automatically become® h tt
let us now a

L_t( - - - - 4 rio

Ssu scenarit, .

By armng this simplistic 4 time 10 expiry of
| ""Mastrike price of ¥1002N

empt to value at-the-money European
ne year. We know that the value of the




financial perivatives and Risk Managemem
‘in

198

(hat if the price of the stock Moveg

ans q :
at E=100me 120 - 100) and in case price Moveg

g { ike price
callis Max(S—E, 0). A call withstrike pri dbe 2 20 (i-e :

Up to 12016 pap-aff of MEG 'SP WOlu suppose the objective is to value a Eumpean
' jon expires worthless. ice is 2 120, then the opy
down to * 80, the call option expires wor ok price is ' opile
call option to buy the stock for X 110 in three months. If thf;f;f_({) 30[ e Eiie 0BT Bilcavi b:
price is T 10 (i.e., 110 - 100). If the stock price turns out to )
zero (because the call option expires worthless).
One simple approach to value the call is to f

the expected value of call at t = 1. Then we discou.nt t h the branches of the binomig
value of the underlying stock we need probabilities of bot

model. Assume that the probability of upward movement is p. Then the pfogasi;"ty of
downward movement is 1 - p. Suppose the probability of upward movement pis 0. -The'n
the probability of downward movement (1 - p) is 0.40. Then expectedvalue of stock at t=1wj
be 0.60x 125+0.40 x 80=3107. .

Expected value of the call (at t = 1) = Max of (Expected value of stock - Exercise price)
and zero = (107 - 100) or zero =3 7.

To find the value of the call today, we need to discount the end value at an appropriate
rate. Suppose the appropriate rate of discount at risk free rate is 8%. Thus,

Value of call today = 7/1 + r = 7/1.08 =3 6.48

When we use continuous compounding in calculation, value of call today=7xe =7
x2.7183-0.08x1=7%x0.92312=36.46.

Binomial Tree

ind the expected value of stock and finq
he value at t = 0. To find the expecteq

Initially a tree of stock prices is drawn showing the possible stock prices at every point of
time in a forward form (left to right). This tree is known as binomial tree. It produces a binomial
distribution of underlying stock prices. A binomial tree is given below:

[“144’
ﬁ'm o
'[lz() l
00] FE 100 |
“] xo'
Al 64 ’
t:o t:l t=2

Binomial Tree
Fig. 10
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isisa two period binomja| tree
Jint where two lines meet s calle
& The tree is called g binomial b

We can
see t . .
da node. hat the Stock price changes two times.

IS represents a i ice of
ecauys possible future price o
" jown. If we denote the stoc Price at the begiSpot Price at every node can either move

o _ ,
y qate and Sd as the stock price jn 5 down state NINgasS and'S_as the stock price in an
v.:ddown factor as Sd/So.. The Probability that th' then we €an define the up factor as S /S,
| 3nother is known as transition Probability € Stock price will move from one node to
) .

gracteristics of Binomial Option pricing po ey

" he following are the

/ Thef g . mportantCharaCteriStiCSOfbinOmia|o . b O
itis a discrete-time model|, ption pricing model:

. length of the time interva| remains constan
between the nodes is in months, it i

years, it will be years everywhere.

t throughout the tree, i.e., the interval
Il be months everywhere, and if it is in terms of

mean value of the stock price.

;. Theprobability of an up movement and down movement remains the same in the entire
~ tree.

5, The binomial tree is recombinant, i.e., an up move followed by a down move will take

the stock to the same value as down move followed by an up move. Here the two paths
merge or recombine.

. Option price is determined by backward process calculation (i.e., working back from
expiration to the present).

N
\/

A recombining tree
Fig. 11

At .
Ss'umptmns of the Binomial Model
Abinomial model is based on the ol

~ The current selling price of the stock (S
Valye (Sy) and a lower value (Sd)-

owing assumptions:
) can take only two possible values, i.e., an upper
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A perfect competitive market exists, i.c., quirements
' re » &AL
() There are no transaction costs, taxes or margin ot varast (1 e
ick-less rate of interest (r), 5 the
(b) The investors can lend or borrow at the ris

only interest rate prevailing. divisible infinitely,
(c)  The securities are tradable in fractions, i.e., they are

(d) The interest rate (r) and the upswings/downswings in the stock pricesg are
predictable. :
3. Thevalue of (1 +7r) s greater than d, but smaller than u. This assumption ensures thy;
there is no arbitrage opportunity. ) -
4. The investors are prone to wealth maximization and lose no time in exploiting tha
arbitrage opportunities.
5. The price of security changes continuously.

N

6. The exercise price is E.
Binomial model will consider the time to expiry of an option as being one period, two-
periods, and multiple periods.

Single Period Binomial Model

The single period binomial model is also known as a one-step binomial model. Here we
shall assume a unit period of option’s life. Unit period of option’s life is implied that the
option’s stock price will move either up or.down by the date of expiration of the option. We



of Option:
W 4

(ing @ portfolio with zero inflow g outf|
‘."; N i OW to ]
. Fonowmg steps are taken to Calcy| o

Q! : ate the r
. gstimate highest value of cq), ASSuming th tp ,‘Ce of
: bt

A ill incr ; es
ration date W €ase 1o a certain level in future POt price of underlying asset on the
C,= S E

ain the equilibrium price of a call
call option.

e

¢ =Highestvalue of cal|

3, =

Maximum spot price i
. price of underlying share on expiration date as perceived by
)

£ = Exercise price

aep I Est|mate‘lowest value of call assuming that spot price of undérlying asset on the
agiration date will decrease to a certain level in future,

(d=Maximum (Sd - E, or zero)
'éfe;

cd = Lowest value of call

sd = Minimum spot price of underlying share on the expiration date as perceived by
westor

E = Exercise price
tplll: Calculation of hedge ratio expressed as (h) or (A)
| Cu-Cd

Su - Sd

. , i ‘ between the highest and lowest
“dge Ratio: By hedge ratio we meand ratio of difference g

due of call option and the difference of maximum and minimum price of underlying sh?re,
Texample :edge ratio 0.9 means an investor should buy 0.9 shares and sell one call option.

‘ldoing this. his inflow and outflow position will be neutral / indifferent. In this way risk of
. D ASIRRE ion i fit no loss.
Viting an option is covered and the seller of option is at no profi

Iv; Estimating funds to be borrowed.

Be (dCu — uCd)
(u=d)x(1+7)

horA=

b
\re,

(U= Highest value of call
Cd= Lowest value of call ¢ price Upto which spot price on the expiration date might
U= |o : ent SpO

- west multiple of curt

i
'“"ﬂe.
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3x0.4742)+(0 x0.5258) =

Expected option value atC= (
eat Eis3 and atF itis zery

=1.42+0=142 - |
tion valu

Note : For node C, the succeeding nodes are E and F. Op
Present value of expected option value at C

- 1.42xe =1.42xe 00N

=1.42x0.9921=1.41 . '

i i merican option), t

If the option holder will exercise his option at node B (in case of A ption), then

i 0) = 30.45. Here there are two values .

the value of the option will be max (160.45 - 130,
binomial value 31.47 and exercise value 30.45. We ta
of American option at the early exercise point D = 31.47.

ke the maximum X 31.47. Thus the valye

(iii) Option value at initial node A
Expected option value at A= (31.47 x0.4742) + (1.41x 0.5258)

=14.92+0.74=15.66
Note : For node A, the succeeding nodes are B and C. Option value at Bis 31.47 and atC, itis

1.41.
Present value of expected option value at A

=15.66 xe "= 15.66 x e"0.095x 1/12
¥=15.66x0.9921=15.54
Thus, the current value of call option (European) =3 15.54
Note : The expected option value = Option up value x p + Option down value x 1 - p.
Thus, the option value is the weighted average of the option’s two possible values (up

and down).
Note : In the same manner we can find the values at each node in the three period binomial

option pricing model.
Multi-period Binomial Model

| The bir.mo-mial model can be extended to periods beyond two to any number of time
periods. This is called multi-period binomial model. We can find binomial option prices for

any number of periods. The steps for the calculati .
: ) ation of option pri i-period
binomial model are as follows: ption price under multi-per

1. Build a price tree (binomial tree) for the underlying asset.

2. Calculate the possible option values in the last period (time T = expiration date)
3. Setup all possible risk-less portfolios in the Penultimate (last but one) period

4. Calculate all possible option prices in the penultimate period. |
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ceP working back through the tree 1. .
' model)- 10 “Today
The general formula, with p

widends on the European ¢, 2INing to maty
1 @ 'Ven beloyw:
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T+ 5 =i 0 =P Max 0, suigr K)

/] t- =
(time T-p N an n- period, (n+1) —date,

periOds re
Il price isg

g

' . d
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i

ty until the option expires and it
'Advahta ges or Uses of Binomial optjop, Mode|

for which other models cannot easily be applied

: i Hit i
This model uses simple mathematical calculations fo il

his is considered to b rstock prices as well as option prices.
y This ns . - .emore accurate, Particularly for longer-dated options, and options
on securities with dividend payments. ,

| Itis easy to calculate the option price with a computer spread sheet.

i Binomial option model can be used to price accurately the American option. This is
because with the binomial model, it is possible to check at every point in an option’s life, il
ie., at every step of the binomial tree) for the possibility of early exercise.

i Itexplains the procedure as to how the construction of a riskless hedge leads to finding t
outthe option price.

. Thisis a better model for valuing employee stock option, interest rate option and currency

option. |

nifations of Binomial Option Pricing Model ;
There are few limitations to binomial option pricing model. They are :

* The basic assumption that there are only two possibilities for share price over next one

| i
! period is impractical and hypothetical
|

This model is relative'Y slow.
This model is not a practical solution
'Fis much more complex than the Black

"88lack ang tion Pricing Model i : ;;
1 o Scholes 0}'3( id scholes developed a model for pricing of options. They il
Ny , Fisher Black an

_ i Options and Corporate Liabilities”, i
vinh " ”The PrICIng of : f ;
._'iiIShed the path-breaking pape;lat(l:id, Myron Scholes and Robert Merton i
1 the model is known as the B1a= i

. on pricing in 1997. Black had
."""e Nobel Prize in economics fof thel it

for the valuation of thousands of prices quickly. £

_Scholes model. it

scholes model. | '
rcontributionsm opti |
rize. *




Black-Scholes model has become the standard method of priCi.an O‘I)tlt?flr!;.- T::i& Isa mor}:..-l
used to calculate the value of a European call option. The model utilises t’ht.: ..»»‘lOC ‘Drllce,‘ Strike
Price, expiration date, risk free return and the standard deviation (V?Idl_llll.y).,() the stf)ck's
return. The model can be arrived using complex calculus anq dlf'fcronth.fl Cquations
Alternatively, the Black-Scholes model can be also be arrived with risk neutral valuatjg,
approach.

The Black-Scholes formula for calculating the price of a call option is:
C=SN(d)-E(e") N(d,)
where,
C = Theoretical price of the call option
S =Current stock price
N = Cumulative normal distribution
E = Exercise price of the option
€ = exponential term, its value is 2.7183
r=risk free interest rate
t = time to expiration (i.e., time remaining before the expiration).

The calculation of option price through the Black-Scholes formula involves many

intermediary computations. Hence, a systematic procedure is required. The procedure is as
follows: -

1. Itis better to start with the calculation of dr It is calculated as follows:

S o
n — [+{r+-—|xt
q E 2
1 0_\/{

Here, In = Natural logarithm of the bracket number.

o = Annual volatility of the stock.
2. Then calculate d,. This is calculated (from d,) as follows:
d, = d, -t
3. Find cumulative normal distribution values using N (d) tables, Thus, N(d ) and N (d,) are
the values of cumulative normal distribution at d, and d,.

4. Now calculate the price of the option by substituting the respective values by using the
first formula.

It may be noted thatif ‘t" is in years, then ¢ and r should also be in annual terms.
,/ Assumptions of Black-Scholes Model
| The assumptions underlying the Black-Scholes Model are as follows:
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e risk free interest rate is constant
‘ nere are no transaction costs_

:. hereare no taxes.
here are no riskless arbitrage Opportunitie

~ thereis N0 dividend payment on sHiras,
short selling is permitted.

S; security trading is continuous.

i The ma.rk'et 's an efficient one. The people cannot predict the direction of the market or
any individual stock.

2 The option.belng valuedis a European style option, with no possibility of an early exercise
(i.e., exercise only on maturity).

Volatility

Volatility is @ measure of the variability in the prices of securities or assets. It is estimated
yyusing a statistical measure, i.e., standard deviation (o). There are two forms or types of
wltility — historical volatility and-implied volatility. Historical volatility is calculated from the
istorical stock prices. We can find the option price when a volatility (historical) is given. But
:uestion arises here : What is the volatility for the observed option price to be consistent
iththe Black — Scholes formula ? The answer is the implied volatility. Thus, when the volatility
fthe stock implies the current option price, we consider it is the implied volatility.

bample 12
The current price of a stock is ¥ 90 per share. The risk free interest rate is 8% (annualised
“ntinuous compounding). If the volatility of the stock is 23% p.a., what is the price of the

80 call option expiring in 6 months (according to Black and Scholes model)?
S0|uti0n

: C=SN(d,)- Ee"™ N(d,)

1 Calculation ofd,

g 2 IN(S/E)+(r+o /2)xt _Inl

oVt

90/80)+(0.08+ 0.23°/2)x6/12
0.23./6/12

*10517
Ota.
tee. o’ /2 can be taken as 6°X 0.5

P2 Calculation of d,

: e 1
d‘*drc\f = 1.0517—0.1626-0.889

-\
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i - Ihe following are the
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, The mgdel does. not. Yield Unbiased va|yes inr

" yolatility and mispricing increases, as the timESDEC.t of stcocks with ve

. Itcannot be used to accurately price o -l exlration incre

option price at one point of time,ie. 5
that the Black-Scholes model applies't

It cannot accurately calculate

oney or out-of-the

ry high or very low

| ases,

tpet:(C:)l;rSa(tJin American style. It only CalCU'?_?'t‘—‘S the
on. However, empirical studies indicate

O American options as well.

the theoretical value of a dividend paying stock option.

-

te Black-Scholes model, all the d

ata inputs are directly observable except volatility. The
naiin advantage of Black-

. Scholes model is speed. We can calculate a very large number of
ition prices in a very short time. B-S modelis very popular and it is useful to option holder to
now whether the option is over-priced or under-priced. The model provides an excellent

(ndlysis in valuation of debt relation to equity. In short, the B-S model gives a mathematical
rmula for calculating the theoretical prices of both call option and put option.

lifference between Binomial Model and Black-Scholes Model

Binomial model and B-S model are the two important option pricing models. There are
“me basic differences between these two models. Binomial model uses a (?omputational
rocedure (numerical method). But B-S model uses an analytical approach'.'BmomlaI rr}odel
‘aflexible model to value options thatare not regularly traded orare specnflcally negotla?ted
tween contracting parties. B-S modelis an analytical model that values conventional options

Matare regularly traded.

The B; - del assumes that percentage change in share price follows a binomial
. Inomial mo

d for European option. But binomial option pricing

Black- Scholes model was first deVEIlop:ptions
0l ; - e '
Udel i very suitable for American sty del with specific time intervals. The Black-Scholes

' : i o) . . )
E Binomial model is a d|scr¢EB'Ce-’c|m€_mﬁnite number of sub-intervals, on a continuous time
“del : ountanin
... »Nowever, takes into acc

g

e Model

bl .. Black Scholes - . ]
latlonship of Binomial Model with B 4 the values we obtain from the binomial model

I easeé
Asthe number of intervals Is incr
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shall get closer and closer to the Black-Scholes value. In other wc?rds,' the bmor.nial Mo
tends to move towards the Black-Scholes Model as the number of time mttarva|5 (in the Price
movement) increases. The mathematical proof for such convergence was dlscusseq byjarrOW
and Rudd (1983), Cox, Ross and Rubinstein (in 1979) and Rendlemen and Barttfer (in 1979)-"\
fact, we can think of the Black-Scholes formula as a shortcut alternative to the binomial Mod|
as the number of intervals gets very large.

Option Greeks

We have seen that option price depends upon five facto’ These factors include asset
price (So), exercise price (E), time remaining for expiration (t), the risk free rate of retur (r),
and volatility measured by standard deviation (s). All these factors are determinants of optig,
price. Whenever, these factors change (except exercise price), the option price will changg,
Thus option value is sensitive to these factors or variables. The variations in the option valye
with respect to each determinant of price are denoted by Greek letters such as delta, gamma

theta, rho, vega (vega is not a Greek letter). Hence they are also referred to as option Greeks,
Following are the Greeks of options: '

Greek Letter Variable/Determinant of Option Price

Delta Change of asset price

Theta Time left for maturity

Gamma Change in delta (change in price)
Rho Change in risk free rate

Vega

Change in volatility
Option Greeks may be briefly outlined as below:

Delta: Option delta is the sensitivity of an option price relative to
underlying asset. In short, it is the change in the option value wh
by 1. Itis denoted by A. It is calculated as below:

change in the price of the
en the stock price changes

Change in option valye Cu-Cd
Changeinstock or assetprice i Su-Sd

Theta: Theta measures the sensitivity of option price in relationtoits time to expiration. Ittells
us how much value the option would lose after one day with all the other variables remaining
the same. Theta is always negative for the buyer of the option because the value of the option
goes down each day if his view is not realised. |t s positive for the seller of the option.

Gamma: Gamma is the rate of change of delta of the o
is the partial derivative of delta with respect to price.
option would increase or decrease for a unit change in

Option delta =

ption or of the portfolio of options. I
It tells us how much the delta, if a"

the price of the underlying.
Vega: Vega is the change of value of the option if the volatility changes. It indicates how much

the option premium would change for a unit change in annual volatility of the underlyiné
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70f Options

;\IPOSWe for call and negative for Put option, PeCLto risk free interest rate. Value of rho is

PRACTICAL PROBLEMS
gration 1

fXLtd. st .
The shfare 0 s s ands at 120, pyt OPtions with 3 strike L St oF A
, Whatis the intrinsic valye of Options » :
) What is the time value of optjons 3

| Ifthe share pr.ice falls to ¥ g0 by the eXpiry date, what would be the profit/loss for the
holder and writer of the options ?

flu

Solution

i Theintrinsic value = Strike price - Stock price

=3130-3120=% 10
!} Time vale = Premium - Intrinsic value

=315-310=35
| The option holder could exercise to realize the intrinsic value of ¥ 70 (i.e., 130 - 60). When
bepayment (premiu m) of X 15 considered, net profitis¥ 70- 15=3 55. The option writer would
#X130for a share worth  60. This loss of T 701 partially offset by the premium receipt of ¥ 15.

‘etloss will be 270 - 15 = 55. So profit of the buyer is equal to the loss of the writer.
lustration 2

Calculate lower bound from the following data :
Stock price : ¥ 270 per share
$yle of option : European
Type of option : Call
trike price Z 265 per share
Iterest rate = 109 p.a.
Time tg expiration = 6 months
Oiideng ; i
SQution

- -dividend paying s calculated
call optiononanon
WthAIOWe’ bound for the price of a European
8 ollowing formula:
-




